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NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: TERRESTRIAL ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information needs:

TE-20: Best et al-gray bat studies

TE-21: EP&P-SDP-5.7 rev 0003 Environmental Auditing Procedure

TE-26: Describe heritage audit process for transmission lines

BLN INFORMATION NEEDS: TE-20, TE-21, and TE-26

BLN RESPONSE:

During the week of March 31 through April 4, 2008, the NRC staff conducted an audit of the
BLN site, including a review of the documentation supporting the BLN ER. At the site audit exit
meeting, NRC Terrestrial Ecology reviewers identified additional documentation needs. These
requested documents, including the document that provides a description of TVA's heritage
resources audit process, are provided as Attachments A, B, and C to this enclosure.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

The following documents are provided as Attachments A, B, and C:

A. Best, T. L., W. S. Cvilikas, A. B. Goebel, T. D. Hass, T. H. Henry, B. A. Milam, L. R.
Saidak, and D. P. Thomas, Foraging Ecology of the Endangered Gray Bat (Myotis
grisescens) at Guntersville Reservoir, Alabama, Joint Agency Guntersville Project
Aquatic Plant Management, Tennessee Valley Authority, Chattanooga, TN, and U.S.
Army Corps of Engineers, 1995.

B. Tennessee Valley Authority, "Environmental Auditing Procedure," EP&P-SDP-5.7,
Rev. 0003, December 15, 2005.

C. Tennessee Valley Authority, TVA Heritage Resources Review Process for TVA
Transmission Rights-of-Way Vegetation Maintenance, Line and Pole Maintenance, and
New Transmission Line Construction, no date.
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NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: TERRESTRIAL ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information need:

Price's potato-bean and Morefield's leather flower are both associated with limestone. Is
limestone present within surface or shallow subsurface soils on the Bellefonte site? If so,
what is the distribution of these soils (i.e., possibly a map).

BLN INFORMATION NEED: TE-22

BLN RESPONSE:

As illustrated in FSAR Figure 2.5-230, the entire BLN site is underlain by limestone of the
Stones River Group (designated Osr in the figure) along the entire peninsula, with the exception
of River Ridge, which is composed of sandstones and shale. The limestone at the site is overlain
by 5 to 40 feet of soil, although in most areas soil does not exceed 10 feet in thickness.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

None.
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Preface

The Joint Agency Guntersville Project (JAGP) was sponsored by the
Tennessee Valley Authority (TVA) and the Headquarters, U.S. Army
Corps of Engineers (HQUSACE). All JAGP activities were directed by
the TVA, the U.S. Army Engineer Waterways Experiment Station (WES).
and the U.S. Army Engineer District, Nashville.

The TVA Vector and Plant Management Program, directed by
Dr. Joseph C. Cooney. and the Aquatic Plant Management Program.
directed by Mr. A. Leon Bates, served as lead programs for managing this
project, with support from other organizations in TVA's Resource Group.
Project funding was supported by, Congressional appropriations to the
TVA. The work was conducted under the management of Mr. Norman A.
Zigrossi. President, Resource Group; Dr. Ralph H. Brooks, Vice President.
Water Management. and Mr. Christopher D. Ungate, Clean Water
Initiative.

The U.S. Army Corps of Engineers Aquatic Plant Control Research
Program (APCRP) is sponsored by the HQUSACE, and is assigned to
WES under the purview of the Environmental Laboratory (EL). Because
of expertise developed in the APCRP, WES was designated to conduct the
applied research segment of the JAGP and to participate with TVA in
certain demonstrations. Funding for the APCRP is provided under
Department of the Army Appropriation 96X3122, Construction General.
The APCRP is managed under the Environmental Resources Research and
Assistance Programs (ERRAP), Mr. J. Lewis Decell, Manager, Mr.
Robert C. Gunkel, Jr., is Assistant Manager, ERRAP, for the APCRP.
Program Monitor for the ARCRP is Ms. Denise White, HQUSACE.
During the conduct of this Stiidy, work Was under the general supervision
of Dr. John W. Keeley, Director, EL; COL Bruce K. Howard, EN,
Commander, WES; and Dr. Robert W. Whalin, Director, WES.

The Nashville District's involvement in the JAGP included participation
in overall plan development and serving on the project management team.
As part of the comprehensive project, TVA transferred funding to the
Nashville District for preparation of a Master Plan and National
Environmental Protection Act document for aquatic plant management on
Guntersville Reservoir. This work was performed within the Planning
Branch, Engineering-Planning Division, under the direction of Mr. H. Joe



Cathey. Point of contact for the project is Mr. Carl T, Swor, Comimahder
of theNashville District during this study was LTC- J. David NorWood.

This treport should be.cited as follows!

Best, T. L.. Cvilikas, W. S., -oebelA. B., Wlaas, f. D., I enry, T.
I I., .Milam. B. A.., Saidak, L. R.. and Thomas. D. 'P. (1995).

°"Foragi'ig Ecology of the Endangered Gray Bat (Myotis grisescens)
at iuntersville Reservoir, Alabama," Joint Agency Guntersvillc
.Project Aquatic Plant Management.

Thi contents bfthis' repori are not to be used for advenising, publication,
or proniotional purpose. Citzition -6f trade naimes does inot constitute an
officialendorsement or approval of the useof such commercial products.
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EXECU=IVE SU2RY: FORAGING ECOLOGY OFTnJE ENDANGERED GRAY BAT

(MYa1s GRISESCENS) AT aJnSI6VILLE RESERVOIR, ALJA

Troy L.. Best, Principal Investigator

Departent of Zooly and Wildlife Science and

Alabama Agricultural Expriment Station, 331 Funchess Hall,

Aubrn University, AL 36849-5414

Intrý ction.- -The gray bat (yoti rise scens) has a limited distribution in
l !stchekarst areas of the eastern and southern United States. Primarily
because of habitat. destruction and molestation by humans, the gray bat was
listed as an endangered species by the United States Fish and Wildlife Service.
Large winter colonies of the gray bat are known to hibernate in only nine
caves. In early spring, winter colonies disband and leave winter hibernacula;
adult females emerge from hibernation first, followed by yearlings of both
sexes, and finally by adult males. The bats move to other caves where they
form large transient colonies that occupy caves for several days. Gray bats
then form maternity colonies, where females give birth and raise their young,
and bachelor colonies, which predominantly contain males and non-reproductive
females. After young become volant, sex and age segregation weakens within the
home range of the population. Young-of-the-year of both sexes remain with the
females in maternity colonies during July and August. Autumn migration takes
place in the same order as spring emergence, with adult females leaving in
early September and young-of-the-year remaining behind with the last males to
leave, usually by mid,-October.

Duringr.swmer months, Blowing Wind and Hambrick caves, located at Guntersville
Reservoir in northeastern Alabama, contain the two largest summer colonies of'
gray bats. The crubined populations of gray bats at Blowing Wind and Hambrick
caves is ca. 600,000, a doubling of their population during the past 10 years.
Blowing Wind Cave (primarily a bachelor colony) and Hambrick Cave (a maternity
colony) contain bats that represent a single colony, and almost all hibernate
in nearby Fern Cave. Bats banded in Hambrick Cave have been found hibernating
only in Fern Cave, but recoveries of hibernating bats banded at Blowing Wind
Cave were more widely distributed; most hibernated in Fern Cave, but some also
hibernated in Tennessee and a few as far away as Missouri. Recoveries of
banded bats of all sexes and ages for all times of the year from Blowing Wind
Cave 'Indicate movements throughout northern Alabama and middle Tennessee.

Although night-flying, aquatic insects serve as the primary source of food for
M. grisescens, little is known about the foraging and movement patterns of gray
bats in Alabama. Guntersville Reservoir is large and supports a variety of
aquatic habitats, but not all regions of the reservoir provide equal quantities
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of acceptable prey species. Gray bats probably use a variety of foraging sites
throughout the active season to optimize foraging effort. In recent years,
large expanses of Guntersville Reservoir have been covered with dense growths
of macrophytes.

With the increasing interest in controlling or removing aquatic vegetation, it
became apparent that vegetated habitats might form significant sites for
production of night-flying insects, which are the primary food of endangered
gray bats. TO ascertain relationships of usage among the various habitats
occupied by gray bats and to determine what possible effect the control or
removal of aquatic vegetation might have on these bats, this study of the
foraging 1c6gy of gray bats was designed .with a multifaceted approach.

1) Food habits were elucidated to verify what the bats actually were
consumung, to determine patterns of variation in dietary c=onents among
hours, nights, and sample sessions, and to correlate diet with
availability of prey.

2) Lonr4-range movements were studied to ascertain how far bats ranged during
nightly and seasonal forays. This provided insight into haw many of the
potential habitats could be visited over time.

3) Seasonal activity patterns were used to assess the duration and frequency
of foraging durng times of reproductive and non-reproductive activity,
e.g., post-migration, gestation, lactation, mating, pre-migration. This
gave an indication of the variation in intensity of foraging through the
reproductive season.

4) Nightly activity patterns were studied to determine if individual batsw
regularly foraged in the same areas of the reservoir and to determine if
they occupied an individual home range.

5) Differential use of foraging sites was measured to quantify the use of
habitats as passageways and foraging areas. Because it was not possible
to sample a large number of individual sites, we elected to study a few
sights intensively to determine patterns of variation in use of habitats.

6) Variation in abundance and distribution of potential prey species was
determined to assess which prey species were available in each habitat
type. Thus, providing insight into what might attract the bats to certain
habitats. These data also were used to evaluate whether the bats selected
prey or if they were opportunistic in their foraging strategy.

Food habits.--The objective of this aspect of the research was to use contents
of fecal pellets to document variation in dietary corqponents among hours,
nights, and sample sessions. The study site was Blowing wind cave, Jackson
CO., Alabama, where a bachelor colony of Myoti grisec resides during
smuer months. A sample of fecal pellets was taken every 2 h throughout the
night for 1-3 nights during each of 11 sampling sessions, 19 April-20 September
1991 (total sample was 1,476 fecal pellets). Each fecal pellet was gently
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teased apart with a probe and identification of remains was made to taxonomic
order. Remains of 14 orders of insects, two orders of arachnids, and hair of
gray bats were identified. Previously, Ephemeroptera was reported as the most
comon order of insects in the diet of gray bats, but we found few remains of
this taxon. Regarding other insect taxa, our study clearly shows that gray
bats take a wider variety of prey ites. during their activity season than
previously reported. However, we had not anticipated the significant level of
variation shown between hours and sampling sessions. Apparently, availability
of insects over the open-water habitats where gray bats forage is related to
sporadic emergences and resultant swarms of insects. These emergences provide
a temporary aburndance of food represented by a few taxa of insects at any time,
but a number of taxa are available at irregular intervals during the annual
activity season of the bats. our findings indicated that gray bats are very
selective regarding the types of foods they consume.

.Lona-ranme movements.--Mhe objective of this phase of the study was to use
radiotelemetric monitoring to elucidate seasonal variation in movement patterns
of gray bats (Mvot isesozns) at Guntersville Reservoir. Radiotransmtters
were attached to female bats during July-September 1991-1992. The results of
our research indicate that individual gray bats foraged over large areas of
Guntersville Reservoir, there was considerable movement of bats between Blowing
Wind and Hambrick caves, the average minimum size of the home range of
individual gray bats at Guntersville Reservoir was ca. 7 by 24 man and covered
an area of ca. 97 km2 , bats may have a greater affinity for foraging areas
during and shortly after the time young become volant and during the breeding
season than later in the active season as the time to enter hibernation nears,
bats moved over a broader area during the time the young became volant than
later in the active season, the greatest number of days a bat was detected at
the same monitoring site, the greatest distances traveled by bats, and the
greatest number of nights a bat was found at the same locality did not vary
between sampling periods, and during 1991, the bats were located more often at
about the time young became volant than later in the active season.

esonal activity Iatterns.--Ihis aspect of the research was designed to
investigate whether female bats 1) forage closer to the maternity cave during
lactation than during pregnancy or after the young are weaned, 2) spend more
time in maternity caves during pregnancy and lactation than after young are
weaned, and 3) spend more time in non-maternity caves after the young are
volant than during pregnancy and lactation, Each month from April or May
through September 1993-1994, radiotransmitters were attached to female bats at
Hambrick Cave or Blowing Wind Cave. A total of 107 bats was outfitted with a
radiotransmitter, and each was monitored for 10 nights early in each month.
Movement patterns of bats changed throughout the period of activity from April
through September, but they did not fly shorter distances during the period of
lactation than after lactation. Compared with periods of pregnancy and
lactation, gray bats spent less time in the maternity cave immediately after
lactation, but use of the maternity cave by female bats increased later in
September. Females did not spend more time in non-maternity caves after the
young were volant than during pregnancy and lactation.
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Niqhtlv activity patters. -The purpose of this research was to use
radiotelemetry to investigate nightly movements associated with foraging by
female gray bats (Myotis Sris ) near Guntersville Reservoir in
northeastern Alabama. Gray bats were detected at the same sites and time
periods more often than expected by chance; of 141 bats equipped with
radiotra'sitters, 45 were located at the same site and at nearly the same time
(within <60 min) during at least 50% of the nights they were detected. Results
of this study support previous findings that some individual gray bats revisit
the same foraging sites at zbout the same time of night. Foraging areas that
receive concentrated, repeated use may represent core areas within the home
range of individual gray bats. No evidence of territorial defense was
observed.

Differential use of foracrinci sites. -- he objectives of this part of the
research effort were to document the use of habitats by gray bats, to detenrind
the degree of variation in use of each habitat, and to assess differences
between foraging sites located at sites located at various distances fran the
roost site at Blowing Wind Cave. In 1991, two terrestrial and three aquatic
habits were examined within a 2-km radius of Blowing Wind Cave to verify that
most foraging is done over aquatic versus terrestrial habitats. One
terrestrial habitat was dominated by loblolly pine (Pinus taeda) and the other
was diaracterized by grasses (Sor hum), goldenrod (SolidaQ ), and sumac (Rhus
glabra). One aquatic habitat contained Eurasian watermilfoil (Myrio~hyllum
spicatum), another contained American lotus (Nelumbo lutea), and the other
contained little or no vegetation. In 1992, monitoring was continued near
Blowing Windi Ca ve at the site with watermilfoil and the site with no aquatic
.vegetation. three habitats were monitored ca. 13 km from Blowing Wind Cave
near the mid-channel of the Tennessee River (just downstream from B. B, Comer
Bridge); these included sites doninated by no vegetation, Eurasian
watermilfoil, 'ad American lotus.

Echolocation calls emitted by gray bats were monitored simultaneously at all
habitats using bat detectors and tape recorders. Recordings were made during
seven 3-day saipling periods each year, yielding ca. 5,250 h of data in 1991
and 4,200 h of data in 1992. Variation in the use of habitats was assessed by
cuunting the number of bats passing through each habitat and by counting the
number of times bats foraged in each habitat (foraging attenpts are
distinguishable as a "buzz" on the tape recordmigs).

Preliminary analyse reveal that gray bats forage over aquatic habitats
significantly more than terrestrial habitats. Of the two terrestrial habitats,
the grassy field was visited more often than the pine forest; the bats seem to
use the forest habitat as cover when traveling to and from the roost site. of
the aquatic habitats, the sites without aquatic vegetation had the most
activity thrcU4out the night, followed by the habitats with American lotus,
and then the sites with Eurasian watermilfoil.
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Variation in potential prey species. --The objectives of this phase of the
project were to assess the diversity and abundance of insects in habitats
visited by gray bats and to elucidate the pattern of variation in insect faunas
among habitats. Insects were sampled at 2-h intervals during seven 3-day
sampling periods at each of the sites listed above for monitoring echolocation
calls, except the forest habitat where it was not possible for us to obtain
samples of insects frm the canopy where bats were active.

In 1991, there were no habitats that consistently contained more insects than
other habitats, i.e., based on statistical analyses of abundance and biomass of
.insects. However, the average abundance of insects was greatest in American
lotus habitat and the greatest average bicmass of insects occurred in the
grassy-field habitat. During 1992-1994, there were significant differences at
various times among habitats in abundance or biomass of insects, but these
differences were only temporary and reflected emergences of vari6us taxa of
insects. Thus, there were no consistent patterns in abundance or biomass of
insects during the study. The predominant insects at any particular time or in
any particular habitat seemed to be determined by emergences of a variety of
insects.

Conclusions. -1) Food habits, as determined by analyses of fecal pellets,
indicate that ephemeropterans were rare in the diet. This is contradictory to
most previous studies, but may be explained by the total digestibility of
newly-emerged mayflies. The diet varied significantly among hours and sampling
sessions, verifying that the bats tend to forage almost exclusively on the
ezergences of insects regardless of type of insect. 2) Long-range movements
indicate gray bats may move up to 75 km from the roost site during the summer
activity period. All terrestrial and aquatic habitats in the vicinity of
Guntersville Reservoir are within the nightly range of the bats. 3) Seasonal
activity patterns indicate that adult females tend to remain closer to the
maternity cave in the late stages of gestation and during lactation. Thus
habitats within 20-30 km of the maternity site are used most frequently. 4)
Differential use of foraging sites occurred. Overall, bats were found most
often in open-water, non-vegetated, aquatic habitats. These findings are
supported by previous studies of gray bats. 5) Variation in abundance and
distribution of potential prey species showed that insects tend to appear as
swarms of emerging insects at irregular intervals. There were no ascertainable
patterns in the timing, duration, or location of insect emergences. Because
the bats forage across such a large area, they apparently can detect these
emergences and forage on them.

Based upon coosition of diet, distances moved, seasonal variation in movement
patterns, habitats Visited, and availability of food, it appears that gray bats
primarily forage over open-water habitats. This indicates that control or
rerxa of aquatic vegetation would have little effect on the majority of gray
bats. However, if only 5-10% of gray bats forage on emergences of insects that
occur over introduced aquatic macrophytes, up to 60,000 individual bats could
be effected by removal of all the introduced aquatic plants.
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I. VARIATION IN DIET OF UM[E U NGEED GRAY BAT (MYOaIS GRISESCENS)

AT GNERSVILTE RESERVOIR, ALABAMA

Troy L. Best, Bettie A. Milam, Tammi D. Haas,

Leslie R. Saidak, and Wendy S. Cvilikas

De • of ZoolozF and Wildlife Science and

Al Agricultural Eweriment Station, 331 Funchess Hall,

M University, 4 36849-5414

Abtr .- Contents of fecal pellets were assessed to discern what items
were ingested by the gray bat (MVot risescens), to document variation
in diet among sanpling sessions, among nights within sanpling sessions,
and among hours (1 and 2-h blocks) of nights within sampling sessions, and
to czrare variation in diet with variation in availability of potential
prey. A total of 1,476 fecal pellets was collected at Blowing Wind Cave,
Jackson Co., Alabama, 19 April-20 September 1991. Remains of 14 orders of
Insecta, two orders of Arachnida, unidentified Insecta, unknown organisms,
and hair from gray bats, were recovered. In decreasing order, the three
most tcmm~n taxa recovered were tepidoptera, Diptera, and Coleoptera. Of
the 17 food categories, 12 (71%) exhibited significant variation among
sampling sessions. Three of 91 comparisons (3%) indicated significant
differences among nights within sanpling sessions. There was significant
variation among hours within sampling sessions; more Lepidoptera usually
were consumed earlier in the evening than later at night. When the amount
of each food category present in the fecal pellets was compared with the
quantity of prey potentially available for consumption, there was no
significant correlation. We also compared contents of fecal pellets with
quantity of potential prey that was available ca. 1-2 h prior to when the
fecal pellets were collected; there was no significant correlation in
these comparisons. There was significant variation in diet of gray bats
over time, and the bats did not select prey in proportion to availability.

IfTMUCRION

Bats of the genus ,Motis consume a variety of insects, including Coleoptera
(beetles), Diptera (flies), Ephemeroptera (mayflies), tepidoptera (moths),
Neurtptera (lacewinigs), and Trichoptera (caddisflies-Atthony and Kunz, 1977;
Barbour and Davis, 1969; Belwood and Fenton, 1976; Brack and la Val, 1985;
Brigham et al., 1992; Buchler, 1976; Easterla and Whitaker, 1972; Hayward,
1970; Husar, 1976; Kunz, 1974; Ross, 1967; Whitaker, 1972; Whitaker and Black,
1976; Whitaker et al., 1981). Most previous studies of yotis have been
limited by duration of sampling effort and size of samples (e.g., Brigham et
al., 1992; Buchler, 1976; Hayward, 1970; Lacki et al., 1995), but Brack and la
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Val (1985) conducted an intensive study of the diet of the endangered Indiana
bat (&yQ sodalis) in Missouri, where samples were collected at 2-week
intervals frcm 7 June to 1 August. Their analysis of 1,272 fecal pellets
provided insight into variation in diet over time. To better understand
foraging requiremits of a species, particularly species that may be threatened
or endangered, it is highly desirable to document the full range of variability
in dietary requirements.

Studies of the endangered (Greenwalt, 1976) gray bat (Mvotis griss ) have
emphasized ecology, behavior, growth, and management (e.g., La Val and La Val,
1980; La Val et al., 1977; Stevenson and Tu/ttle, 1981; Thomas and Best, in
press; Tuttle, 1975, 1976a, 1976b, 1979). 4. gris forages over streams
and reservoirs where it consumes night-flying aquatic insects (La Val et al.,
1977; Rabinowitz, 1978; Rabinowitz and Tuttle, 1982; Thomas and Best, in press;
Tuttle, 1976b), but there is a paucity of data on food habits of this species
(Lacki et al., 1995). Guthrie (1933) reported remains of insects in the feces
of a hberati gray bat, Tuttle (1976b) noted remains of at least six species
of mayflies (Eemeroptera) under a roostj Rabinowitz (1978) and Rabinowitz and
Tuttle (1982) reported remains of seven orders of insects in fecal pellets from
Tennessee, and Lacki et al. (1995) identified nine orders of insects in fecal
pellets obtained in Kentucky. The objectives of our research were to use
contents of fecal pellets to ascertain what items were ingested by _M.
ris at intervals throughout its annual activity period, to document

variation in diet among sampling sessions, nights, and hours of the night, and
to compare variation in diet with variation in availability of prey.

MATERIALS AND METIODS

Blowing Wind and Hambrick caves, located at Guntersville Reservoir in
northeastern Alabama, contain the two largest sutmmer colonies of M. gri •
(Tuttle, 1976a_, 1976b; United States Fish and Wildlife Service, in litt.). A
total of 1,476 fecal pellets was collected at Blowing Wind Cave, Jackson Co.,
Alabama, 19 April-20 September 1991 (Appen"ix 1.1). Two linen bed sheets were
spread on the grourd at the lower opening of the cave to collect fecal pellets
fran bats entering and exiting the cave. The sheets were cleaned and
repositioned aifter each sample was renvwed. For most samples, 10 fecal pellets
were collected, every 2 h throughout the night for 1-3 nights during each of 11
sampling sessions (Appendix 1.1). Each sample of fecal pellets was placed into
a plastic bag and frozen until examined.

In the laboratory, individual fecal pellets were placed in Water in a petri
dish, and warred on a slide warmer to soften and expand the contents. Then,
each pellet was gently teased apart with a probe at 60X magnification. A
sample of the contents of each fecal pellet was added to one drop of 90% ethyl
alcohol, which had been placed on a microslide. A mixture of mouJnting medium
and xylene (75% Permount, 25% xylene) was used to adhere the sample of contents
of each fecal pellet to the microslide, which was dried on a slide warmer.

Ten fields on each microslide were examined at >200X magnification; an ocular
grid divided each field into 100 equal-sized squares. Average percent volume
of each food item based on the 10 100-unit grids was calculated by dividing the
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number of squares occupied by a food category by the total number of squares
with food present for the fecal pellet, then nultiplying this product by 100.
Because we believed that Acari (chiggers) and hair of M. rie recovered
from fecal pellets were not ingested as a source of food, these categories were
quantified separately fran the food categories; Acari was recorded as the total
number of squares occupied in the I0 100-unit grids and bat hair was assigned
values of 0 (absent in the sanple), 1 (<5 hairs observed on the 10 100-unit
grids), and 2 (>5 hairs observed on the 10 100-unit grids).

Identification of remains was made to taxonomic order when possible using the
keys and descriptions in Whitaker (1988) and Borror et al. (1989) and by
comparison of remains with specimens in the Auburn University Entomology
Collection. Insects that could not be identified to taxonomic order were
included in the category Insecta; structures in this category included
fragments of wings, legs, head capsules, and compound eyes. Remains of
organisms that could not be identified to any taxonomic unit were listed as

To quantify the relative number of prey that potentially was available for
consufmption by bats, 384 samples of potential prey were collected within 2 km
of kowinq Wind Cave (Apeix 1.2). One terrestrial and three aquatic
habitats were sampled with a 38-cm diameter, hand-held sweep net at ca. 2-h
intervals during seven sampling sessions (5 June-20 September). In obtain4ig
these sweep-net samples, the collector walked through the terrestrial habitat
or was moved through aquatic habitats in a canoe; a total of 50, ca. 3 m wide,
figure-8 swings was made during each sweep-net sample. The terrestrial habitat
sampled was an open field adjacent to Guntersville Reservoir (characterized by
grasses--gýu, goldenrod--Solidao, and sumac--Rhus gla ). The three
aquatic habitats were: over water with no aquatic vegetation; over water with
emergent Eurasian watermilfoil Mio ll sMicam; over water with
emergent American lotus (Nelumbo lutea). These four habitats were selected
because they represented most of the habitat types available to M. frie
at the reservoir. Contents of each sample of potential prey were identified to
taxonomic order by comparison with keys in Whitaker (1988) and Borror et al.
(1989). Average percent volume of each potential prey item in each sample was
calculated .by dividing the number of individuals of each taxon by the total
number of individuals in the sample, then multiplying this product by 100.
Prey taxa that could not be identified to taxonomic class were listed as

Variation among sairpling sessions, nights, and hours (1 and 2-h blocks), for
contents of fecal pellets and samples of potential prey, was assessed using
analysis of variance and a Student-Newman-Keuls a posteriori test for multiple
cO=iparisons ann means. Spearman-rank correlation coefficients were used to
compare variation in each taxon between contents of fecal pellets and potential
prey (Norusis, 1990; Sokal and Rohlf, 1981; Swift et al., 1985). The level of
statistical significance was corrected for multiple comparisons with the
sequential Bonferroni test (Rice, 1989). All times referred to herein are
Central Daylight Savings Tine.
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RESULTS

o1ft feaffellcl.--Remains of 14 orders of Insecta (Coleoptera,
Diptera, Ephemierptera, Hemiptera-bugs, Hcmoptera-leafhoppers,
Hymenoptera-wasps, lepidoptera, Mecoptera-scorpionflies, Neuroptera,
Odonata-dragonflies, Orthoptera--grasshoppers, Plecoptera-stoneflies,
Tnysanoptera-thrips, and Trichoptera), two orders of Arachnida
(Araneae--spiders and Acari-chiggers), unidentified Insecta, unknown
organisms, and hair from gray bats, were recovered from the 1,476 fecal pellets
we analyzed (Table 1.1). The three most ccumun taxa recovered, in decreasing
order of presence, were Lepidoptera, Diptera, and Coleoptera. These three taxa
represented a total of 94.4, 75.9, 88.7, 81.4, 48.5, 77.4, 68.8, 58.4, 63.5,
70.5, and 73.5% of the remains in fecal pellets collected in sampling sessions
1-11 (19 April-20 September), respectively. Small quantities (<4%/sample
session) of Araneae, Hemiptera, Hcmoptera, Hymenoptera, Trichoptera,
unidentified Insecta, and unknown organisms also were present regularly.
E;phnemruptera, Mecpoptera, Neuroptera, Odonata, Orthoptera, Plecoptera, aid
Thysanoptera occurred sporadically in the fecal pellets (Table 1.1).

Variation an m sessions.--Of the 17 food categories listed in Table
1.1, 12 exhibited Significant (_P < 0.0029) variation among sampling sessions.
The largest f-value (41.674) was for unknown organisms; much of the variation
in this category omurred during sampling sessions 5 and 8 (25-28 June and 5-8
August, respectively) when 30.3 and 17.7%, respectively, of the items reverd
fran fecal pellets could not be identified. Other than in sampling sessions 5
and 8, unknowns in the remaining sampling sessions were represented by <5.3% of
the contents. Diptera, Insecta, Coleoptera, Ephemeroptera, and Lepidoptera had
F-values >9, indicating they also were more variable than the remaining food
:categories. Of these five categories, Ehemropter-a was the only one that
occurred sporadically. We could not discern consistent chronological patterns
relative to the changes in occurrence of any food category.

Variation amo nght within saml sessions. -Variation in contents of
fecal pellets was assessed among the 3 nights for sampliNg sessions 5 (25-28
June), 6 (8-12 July), 7 (22-26 July), 8 (5-8 August), 9 (19-22 Augst.), 10 (3-6
Septembter), and 11 (17-20 September; Appendices 1.3-1.9, resppctively) 4 There
was no significant difference among the 3 nights sampled for any food category
in sampling sessions 5, 6, 7, 9, or 10 (Appendices 1.3, 1.4, 1.5, 1.7, aid
1.8). In sampling session 8, significantly more Diptera (f = 11.027) was
present on 6-7 and 7-8 August (average = 26.3 and 22.2%, respectively), than on
5-6 August (7.9%), and more unkncwn (F = 19.506) were present on 5-6 and 6-7
August (average = 27.3 and 25.2%, respectively) than on 7-8 August (0.8%;
Appendix 1.6). In sampling session 11, significantly more Lepidoptera (F =
38.192) was present on 19-20 September (average = 54.6%) than on the previous 2
nights (25.1 and 19.4%, respectively; Apperdix 1.9). Thus, only three of 91
carparisons (3%) indicated significant differences among nights within sampling
sessions.

Variation • hours within sampi sessions.--To ascertain the degree of
variation among hours (I and 2-h blocks), we analyzed the combined data from
the 3 rights within each of sampling sessions 5-11. A total of 29 of the
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comparisons among hours, within sampling sessions, was significant: sampling
session 5, 5 significant differences among hours; 6, 6; 7, 6; 8, 4; 9, 4; 10,
1; 11, 3 (Appendices 1.10-1.16). When all 91 comparisons were considered
together, the sequential Bonferroni minimum significance level was adjusted to
0.0006 (Table 1.2). At this significance level, 22 of the 91 comparisons (24%)
exhibited significant differences among hours. Four food categories (Diptera,
Lepidoptera, Insecta, unkrnown) accounted for 17 of the significant ccmiparisons
(77%), with Coleoptera, Fkiemercp era, H remiptera, Hcmptera, andI Trichptera
each representing one significant difference among hours (Table 1.2).

The largest F-values (>27) were for the five significant comparisons of
Lepidoptera among hours (Table 1.2); these five comparisons showed that M.
crrisescep had significantly more Lepidoptera in fecal pellets at 1930-2030 h
than at other times. Three of these ocmparisons also indicated that, although
it was significantly less than for 1930-2030 h, Lepidoptera were present in
significantly greater quantities at 2030-2230 h than during the remainder of
the night. Except for Lepidoptera, 1930-2030 h usually (12 of 17 comparisons
or 71%) was the hour with the least amount of representation for all the food
categories listed in Table 1.2.

In smmwary, three to five food categories showed significant variation among
hours in sampling sessions 5-9 and only one food category (Insecta) differed
significantly among hours in sampling sessions 10 and 11 (Table 1.2). Thus,
there was significant variation among hours within sampling sessions; more
!ipidoptera usually were present in fecal pellets obtained earlier in the
evening than later at night, the number of food categories showing significant
variation was similar among five of the seven sampling sessions, and four food
categories represented 17 of the 22 (77%) significant differences among hours
within sampling sessions.

Variation in r of Acari. -Small numbers of Acari were recovered from
fecal pellets in niie of the 11 sampling sessions. There were no significant
differences among sampling sessions, nights, or hours within sampling sessions
in incidence of Acari (Appendices 1.17-1.19). No chronological patterns in
abundance of this taxon were detected.
Variation k p of bat h .- Hair of . gr was present in fecal

pellets collected during every sampling session, but there was significant
variation in quantity of bat hair among sampling sessions (Table 1.3).
Although not well-defined, there was a tend/ency for more bat hair to be present
during sampling sessions 4-8 (8 June-8 August) than in earlier or later
sampling sessions. uriqarisons within sampling sessions 5-11 revealed no
significant differences in presence of bat hair among nights (Apperiix 1.20).

When hours within sampling sessions 5-11 were ompared, there were significant
differenes among hours in all but samplingi session 11 (Table 1.4). For all
sampling sessions, fecal pellets obtained 1930-2030 h contained the most bat
hair, and this hour was significantly different from all other hours in four of
the seven sampling sessions. We believe the presence of bat hair in fecal
pellets resulted from incidental ingestion during groaming.
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Availability of potential prey.-One order of Arachnida (Araneae) and 10 orders
of Insecta (doleoptera, Diptera, Ephemroptera, Hemiptera, HComptera,
Hynenoptera, lepidoptera, Neuroptera, Odonata, and Trichoptera) were
represented in our sweep-net samples (Table 1.5). Results of analysis of
variance revealed that Diptera and unkn&hns varied significantly among sampling
sessions: more Diptera were present in samples taken during sessions 8 (5-8
August) and 10 (3-6 September) than in sanples taken during session 11 (17-20
September); more unknrkos (5.2%) were recorded in sampling session 5 (25-28
June) than in the six other sessions (Table 1.5). There was no significantdifferene within categories of potential prey among sampling hours within Vany
of the seven sampling sessions analyzed (Appendix 1.21).
Compari of potentially available p • fo categories represented in

the fecal pellets.--Average p tage of each food category present in the
fecal pellets during ýeach samplirg hour (1 and 2-h blocks) was compared with
the average percentage of the respective prey category that potentially was
available for consumption by M. ris Although not significant after the
Bonferroni adjustment of the p-value, the only correlation coefficient (r =
0.414; P = 0.;014) approaching significance was for Coleoptera (Appendix. 1.22).
Because it usually takes ca. 1-i2 h for most ingesta to pass :through the
digestive tract of similar vespertilionid bats (Anthony and Kunz, 1977;
Buchler, 1975; KYnz and Whitaket, 1983; Whitaker, 1988), we also compared the
contents of fecal pellets with the quantity of potential prey that was
available ca. 1-2 h prior to when the fecal pellets were collected. There was
no significant correlation in these comparisons after the Bonferroni adjustment
of the P-value (Appendix 1.22). However, Coleoptera .(r = 0.384; .P = 0.044) and
Epheneroptera (_r = 0.459; P F 0.014) approached statistical significance.

The third comparison ýof occu.rrence of food categories in the fecal pellets and
availability of potential prey was among sampling Sessions 5-11 (Appendix
1.23). Although not signifiant after the Bonferroni adjustment of the
_P-value, the only correlation coefficient (r = 0.768; P = 0.044) approaching
significance was for E heierop ea.

Because there was no significant correlation between quantity of each food
category in the fecal pellets and availability of potential prey, we examined
the data in Tables 1.,]l and 1.5 and looked for patterns of variation within
sampling sessions 5-11 (Atoendix 1.24). For Coleoptera, Diptera, andLepid6ptera there were ýtr indications that these food categories were not
being selected in proportion to their availability. M. gri had a
greater ampunt of Coleoptera and Iepidoptera represented in the fecal pellets
during each of the seven sampling sessions than was present in the samples of
potentially available prey. Conversely, Diptera was taken less frequently than
available, except during sampling session 11 (17-20 September). The gray bats
we studied did not select prey in proportion to availability.

DISCUSSION

As pointed out by Jones (1990), opportunistic foraging suggests that a strong
positive correlation should O6ccr between the incidence of a particular prey in
the diet, and its abundance in the environmient. For selective foraging, a
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similar copaarison should result in no correlation, or even a negative
correlation between dietary incorporation and abundance of less-preferred prey
(Anthony and Kunz, 1977; Jones, 1990). Because there was no significant
correlation between contents of fecal pellets and availability of potential
prey, the population of M. Cri we studied was selective in what it
consLmed. Fenton and Morris (1976) suggested that nmst insectivorous bats
would eventually be shown to be oportunistic feeders, but our data indicated
that the three primary components of the diet (Lepidoptera, Coleoptera, and
Diptera) were not consumied in proportion to their availability at Guntersville
Reservoir. The gray bats we studied were opportunistic only in the sense that,
1) they probably took advantage of the large eergIenes of these taxa and, 2)
they consmned a variety of other taxa in small quantities.

B&irler (1975) showed that food moves quickly through the digestive tract of
Myotis lucif s. Because this probably is true for M. grisse as well, we
believe the samples of fecal pellets we collected usually represented food
ingested within ca. 1-2 h prior to defecation. The exception would be samples
collected during emergence of bats from the roost at dusk. Contents of- fecal
pellets voided on emergence might be more representative of what was ingested
just prior to entry into the roost that morning. We were not able to test this
statistically, but there usually were more Lepidoptera (five of seven sampling
sessions) in samples of potential prey collected after midnight than before
midnight (Apendix 1.21). Perhaps, it took longer for Lepidoptera to pass
through the digestive tract of the bats, and their remains were not defecated
until the evening emergence. This might account for the high incidence of this
taxon in fecal pellets obtained early in the evening when Lepidoptera were
rarely present in sweep-net samples.

Our study revealed that gray bats took a wider variety of prey items during
their activity season than previously reported (e.g., Lacki et al., 1995;
Rabinowitz, 1978; Rabinowitz and Tuttle, 1982). However, we had not
anticipated the significant level of variation shown among sampling sessions
and hours within sampling sessions. We expected that availability of potential
prey changed through time, and that this change would be reflected in dietary
c.ponents. Apparently, availability of prey over habitats where gray bats
forage is related to sporadic. emergences and resultant swarms of potential prey
taxa. These emergences provide a temporary abundance of food represented by a
few t.axa at any time, but a number of taxa beoome available at intervals during
the night, month, and annual activity season.

Araneae also was reported in small quantities in the diet of Qgti evoti and
o volans in eastern Oregon; both of these species are cammon inhabitants

of forested areas (Wtitaker et al., 1981). In northern Alabama, spiders often
dispersed from hatching sites by ballooning, and spiders frequently were
suspended in open areas that made them susceptible to capture by L4. gris n.
Although a regular component of the diet, spiders were never present in large
quantities.

Previously, Acari was recovered in small quantities from fecal pellets of L4.
Vol from eastern Oregon (Whitaker et al., 1981) and from fecal pellets of M.
crr from Tennessee (Rabinowitz and Tuttle, 1982). We theorize that the
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chiggers we identified in fecal pellets were incidentally ingested during
groon by L. gisen. Kunz (1974) also noted small percentages of
acarines (Mesostigmata) in stcmachs of Myoti velifer fram Kansas. It also is
possible that these acarines crawled onto the fecal pellets during the <2 h
when fecal pellets were on the collecting sheets at the lower opening of
Blowing Wind Cave (J. 0. Whitaker, Jr., pers. ca~m.).

A recent study by Barclay and Brigham (1994) indicated that insectivorous bats
may not be as selective in what they eat as has been shown in laboratory
trials* Under controlled laboratory conditions, insectivorous bats used
echolocation to make detailed discriminations among targets. However, bats did
not make such discriminations under natural conditions. In the field,
insectivorous bats attacked any moving target of an appropriate size and
appeared not to make the fine-detailed discriminations based on shape and
texture of target that occurred in the laboratory. This lack of discrimination
may be due to the rapid flight of bats and the short range at which prey can be
detected by echolocation. Bats have only a fraction of a second between
detection and capture of prey, possibly not enough time to distinguish among
prey (Barclay and Brigham, 1994). Thus, the diet of insectivorous bats should
change over time if diet is determined by what prey items are encountered;
i.e., prey itesi of the proper size, shape, texture, etc. Herein, we have
demonstrated that M. grisescens consumes a wide variety of prey taxa during its
annual activity period and that oxmponents of the diet are significantly
different over short periods of time. As might be predicted from the
observations by Barclay and Brigham (1994), our findings indicated that M.

i encountered a variety of acceptable food taxa that varied in
abundance and distribution throughout the activity season, and that. omponents
of the diet varied accordingly. Brack and La Val (1985) also noted that
diversity in cqmconents of the diet of -. sodali changed through summer
months.

A criticism of analyses of fecal pellets to determine dietary components is
that soft-bodied insects, i.e., small or recently emerged forms, may be
digested and rendered unrecognizable, thus potentially contributing to
underestimates of the number and kinds of insects actually eaten (Belwood and
Fenton, 1976; Rabinowitz and Tuttle, 1982). However, the blind tests conducted
by Kunz and Wlitaker (1983) demnnstrated that analyses of fecal pellets can
yield reasonable estimates of foods eaten by insectivorous bats. In addition,
Whitaker et al. (1981) reported relatively good agreement between contents of
stomachs and feces of bats from eastern Oregon. Our analysis of fecal pellets
revealed a variety of small and recently emerged taxa, indicating that many of
these food items were well represented.

Prior to the study by Lacki et al. (1995), there were no quantitative data on
foods consumed by M. . Although they examined only 58 fecal pellets,
lacki et al. (1995) demonstrated that gray bats consumed nine orders of insects
in Kentucky. In addition, their samples of 24, 2, 23, and 9 fecal pellets from
May, June, July, and August, respectively, indicated variation in diet anmng
months. The predominant order of insects in the diet of M. crisecn in
Kentucky was Coleoptera, but Diptera, Lepidoptera, and Trichoptera also were
consume in appreciable amounts. Conspicuously absent from the samples
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'collected by Lacki et al. (1995) was Ephemeoptera. Previously, Rabinoitz
(1978), Rabinowitz and .Tuttle (1982), and Tuttle (1976b) reported that

Ephemeroptera was an important ocaponent of the diet of M. cri e. Their
assertion was supported by observations of M. cri feeding in swarms of
Ephemeroptera, but they discovered few remains of mayflies in fecal pellets of
the bats. To investigate why mayflies were under represented in fecal pellets,
Rabirnwitz and Tuttle (1982) fed gray bats a diet containing •Aleroptera and
then examined the fecal pellets. They determined that mayflies eaten by gray
bats rarely were identifiable in fecal pellets, except when wings were eaten.
They concluded that body parts of mayflies, other than the usually discarded
wings, were largely digested and rendered unidentifiable in the feces.
Likewise, Belwood and Fenton (1976) fed mayflies to captive M. lucifucais and
ascertained that no recognizabie trace of ephemeropterars emerged from the
digestive tract. However, other studies have been able to detect remains of
mayflies in feces of M. lucif (Anthony and Xunz, 1977; Buchler, 1976) and
Pipistrellus pipistrellus (Swift et al., 1985). On numerous occasions, we
oserved M. L foraging at sites where there were swarms of emerging
mayf lies. Although ou r quantitative data do not support our qualitative
observations of the inportance of Ephemeroptea in the diet, we are confident
that gray bats regularly consume mayflies, that many of these mayflies are
corpletely digested (especially when only the body of the mayfly is ingested),
and that the actual incidence of Ephemeroptera in the diet of M. grisescens is
greater than quantified by us or by previous investigators. Our speculation
also is supported by the presence of only pieces of the wings of mayflies in
the fecal pellets where this taxon was detected.

Subadults consume a wider variety of prey than adults (Anthony and Kunz, 1977;
Belwood and Fenton, .1976). Perhaps, this apparent nonselectivity is because
subadults are unable to differentiate among prey types as effectively as
adults. If subadult gray bats were less selective in what they consumed than
adults, we would expect to see a greater variety of prey consumed during the
sampling sessions after young became volant at nearby Hambrick Cave, and began
to roost in Blowing Wind Cave, than during the time only adults were foraging.
In addition, as females entered hibernation in Septanber the proportion of
subadults in the active pcpulation would increase, but there also was no
increase in diversity of diet during Septatber. An interesting topic for
future study might be to focus on variability in diet between subadults and
adults before and after adult females enter hibernation in September. Because
differences in diet between sexes have been demonstrated in other species of
M (Husar, 1976) and because gray bats generally segregate by sex into
maternity and non-maternity (primarily males and non-reproductive females)
colonies (Tuttle, 1976a), it also might be informative to examie sexual
differences in diet of M. crisescens.

Our study and that of lacki et al. (1995) demonstrate that there is significant
variation in diet of M. cri over time, but contrary to their
conclusions, we have shown that gray bats are selective regarding the most
cmmon food categories they consume. It would be informative to conduct
multi-year studies at the same study site to examine the degree of variation in
diet among years or to examine multiple sites during the same year to quantify
geographic variation in diet. We believe the degree of variability that would
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be elucidated in long-term or multi-site studies would demonstrate that our
findings, those of Lacki et al. (1995), and those of previous researchers
(Rabinowitz, 1978; Rabinowitz and Tuttle, 1982; Tuttle, 1976b) are in
concordance and are indicative of the large amount of variability in the diet
of this endangered species.
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Table 1.1.--Results of one-wa analysi of variancea and Student-Newman-Keuls a
posteriori t1 g ! Mi sessions used to obtain fecal pelle of
Myotis grisescens at Blaiw Wind_ !ir v, Ja Co., Alabama, 1 . _S i
sessions am listed above the average a of each f category as
follows: ., 19-20 April; 2, 3-4 May; 3, 242 Liy; 4, 8-9 June; 5, 25-28 June;
.§, 8-12 July; 7, 22 Ju9y; 8, i g , 19-22 A• ; i0, 3-6 Septbr
Ii, 17-20 S Lines beneath averages indicate nonsiqnificant subsets.

Food
category d.f. F-ratio Results of Student-Newman-Keuls analysis

2 3 5 10 11 7
Araneae I0,1465 3 . 04 2 a 2.1 1.7 0.7 0.5 0.3 0.2

8 1 9 4 6
0.2 0.2 0.i <0.1 0.0

Cole-
optera 10,1465 1 2. 0 2 1a

3 1 2 7 6 11
24.2 17.9 14.4 14.3 13.6 9.2

8 9 5 4 10
7.2 5.7 5.4 3.8 2.8

1 10 9 11 2 6 7
Diptera 10,1465 2 0 . 0 2 6 a 46.0 40.2 35.4 31.8 25.6 23.0 21.6

4 8 3 5
19.8 18.8 16.0 13.1

Ejphmer-
optera

5 8 7 1
5.6 3.0 1.9 0.0

2 3 4 6 9 10 11
0.0 0.0 0.0 0.0 0.0 0.0 0.010,1465 1 0. 59 0a

Hemip-
tera

Hct -
tera

11 9 7 3
10,1465 3 . 5 9 8 a 3.4 3.3 3.0 2.0

6 8 2 10 4 5 1
1.9 1.5 1.5 1.3 1.1 0.1 0.0

9 11
10,1465 5 . 6 68 a 4.0 3.4

7 6 10
2.3 2.2 2.0

8 3 5 4 2 1
1.7 0.5 0.5 0.3 0.3 0.1

Hymen- 10 6 9 7
10,1465 1.889 2.8 2.6 2.5 2.3

11 8 1 2 4 5 3
L19 1.7 1.4 1.1 0.8 0.2 0.1• h• hI T i i
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Table i.l.--Continued

lpid- 4 3 2 6
optera 10,1465 9 .0 0 9 a 57.8 48.5 45.6 40.8

28

7 11 8 1 5 10 9
32.9 32.5 32.4 30.5 30.0 27.5 22.4

Meow-
tera

Neurop-
tera

Odonata

Orahop-
tera

P•ec•p-
tera

Thysanop-
tera

Trichop-
ter-a

10,1465

10,1465

10,1465

10,1465

10,1465

10,1465

10,1465

1.407

4.231a

0.719

0.717

3.745a

1.112

9. 722a

8ý
0.3

1.1

7
0.1

.6
0.4

8
1.7

11

<0.1

7

9

3
0.3

1
0.0

7
0.3

3
0.3

10
<0.1

9
10.2

1
0.0

7
0.3

2
0.0

9
0.1

6
<0.I

1

0.0

6
4.8

2
0.0

10
0.3

3
0.0

11
<0.1

7
<0.1

2
0.0

10
4.3

3
Q. 0

5
0.1

4
0.0

10
<0.1i

9
<0.1

3
0.0

5
4.2

4
0.0

9
0.1

5
0.0

1
0.0

1
0.0

0.0

4

3.8

5
0.0

4
0.1

6
0.0

2

0.0

2
0.0

5
0.0

11
3.4

1
0.0

8
0.0

3
01.o

4
0.0

6
0.0

.2
2.7

2
0.0

9
0.0

4
0.0

5
0.0

7
0.0

8
1.7

6 7 10 110.0 0.0 o.0 o00

6
0.0

1.0
0.0

5
0.0

10
0.0

0.0

3
1. 3

8
0.0

Ii
0.0

8
0.0

11
0.0

9
0.0

1
0.0

10 11 8 9
Insecta 10,1465 1 6 . 9 5 1 a 18.1 12.6 12.1 10.3

5 8 9 7
uriknn 10,1465 41. 67 4a 30.3 17.7 5.3 5.3

5 2
9.3 6.4

6 4
5.2 4.1

6 7 1 4 3
5.6 3.6 3.5 .2.8 2.3

3 11 2 1 10
2.8 0.5 0.5 0.5 0.4

aSignificant based on sequential Bonferroni minim= table-wide significance
level set at 0.0029 for a table of 17 tests.
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Table 1.2. -Selected results of one-way aial of varianea and
Student-Newman-Keuls a posteriori tests m hours of collection of fcl
pellets of Myotis grisesoens at Blowi Wind Cave, Jackson Co., if 1991.Reuts are pfor 00l1 ex, Diper, Lepi otr, ngatf

Insecta, unknns, and th food categories that exhibited significant variation
m hours. Samlin hours are listed above the average centae of each

food represented in the -ecail pellets as follows: 1, 1930-2030 h; 2,
2030-2230 W; 3, 2230-003Q _h; 4, 0030-0230 b; 5, 0230-0430 h; 6f, 0430-0630 b.
Lines iciae nonsianificant t.

Saminping
session Food
and date category d f - -,ratio Results of Student-Newman-Keuls 1 lisis

5 25-28 June
4 3 2 6 5 1

5.164 4.489 4.4 10.8 4.1 2.5 2.1 0.0Coleoptera

Diptera

Iepidoptera

5',164 3.415
4 6 3 5 2 1

19.8 18.8 14.3 12.7 i2.5 0M8

1 2 3 4
5,164 2 7 . 6 0 2 a 81.7 35.8 17.9 14.8

5 6
13.3 12.4

5 6 3
5,164 4 . 6 1 9a 15.6 11.2 9.6

2 4 1
9.4 8.7 1.2Insepta.

Unknown
5 6

5,164 6 . 4 2 1a 50.1 46.0
3 2

27.9 22.6
4 1

21.8 12.7

6 8-12 July

Coleopte~ra
3 6 4 5 2 1

5,174 5 . 3 0 3a 25.5 20.2 16.3 13.9 3.4 2.1

5 4
1 6 . 0 2 0a- 36.7 34.1

6 3 2 1
31.0 27.9 7.2 0.9Diptera 5,174

3 6
5,174 5 . 9 8 6 a 9.1 2.6

5 4
0.7 0.5

1 2
0.4 0.0Hcamptera
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Table 1.2. -rContinuied.

lepidoptera 5,174 77 . 6 09 a

30

1
93. 2

Insecta

Unknown

7 22-26 July

Coleopt

Diptera

Lepidoptera

4
5,174 7 .2.1 0a 15.3

5
5,1 4 3 ,9 3 3a 12.9

2
79.0

6
6.5

6
7.4

5 6
24.9 18.7

3
6.2

4
6.8

5
2.9

3
3.8

2
1.3

1
.0.6

:1
1.3

2
<0. 1

4 3
14.8 14.1

7 4

3 5 6
5,174 3. 9 07 a -28.6 18.2 14.01

6 3 5
5,174 1 1 , 5 1 5a 39.7 29.7 28.1

1 2 6
5,174 39 .1 19 a 90.5 33.7 21.0

4 2 1
13.0 11..4 0.8

4 2 1
14.0 13.3 4.9

4 5 3
19.1 18.7 14.4

Trichdoptera 5,174 13 . 3 '8 6a
4 2

37.5 :25.7

6 3
5.6 4.6

5 6
19.1 7.1

6 3 5 16.7 6.3 6.3 0.0

irnsecta

Unknow

8 5-8 Aiugust

Oolecopter-a

5,174

5,174

1.252

9.638a

H

4
4.2

3
3.4

2
3.4

1
1.0o

5
2.9

2
0 1.9

1

4
0.1

3
5,174 3.2Z75 17.1

6

4 2 6
9.5 6.6 4.7

3 4 5

5
4.2

2

1
1,2

1
Diptera. 5,174 9 . 6 7 8 a 31.7: 30.4 25.0 12.8 11. 2 1. 7
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Table 1.2. -Qxitinued.

Ephemeraptera

ILpidoptera

Insecta

Unkncwn

9 19-22 August

cblo&tera

Diptera

Heniptera

Lepidopter-

Insecta

Unknown

10 3-6 Septaiiber

Colecoptera

5 6
5,174 1 1 . 8 6 6 a 13.6 4.5

1 2
5,174 3 2 . 3 0 5 a 85.0 50.1

5 6
5,174 7 . 2 2 ja 22.0 20.8

5 4
5,174 2.306 29.1 20.1

3 6
5,174 1,954 10.0 9.1

5 4
5,174 8 . 9 9 9 a 46.1 44.8

3 2
5,174 4 , 6 5 5 a 7.7 4,5

1 2
5,174 2 9 . 8 5 8 a 67.2 21.4

6 3
5,174 1.967 15.2 12.1

5 6
5,174 15.8 2 6a 21.7 9.2

4
12.2

2
19.4

4
7.2

6
41.1

4
3.2

3
18.5

10.4

31

1 2 3 4
0.0 0.0 0.0 0.0

3 4 5 6
17.9 16.1 12.9 12.5

3
8.1

6
19.1

2
4.3

2
36.2

5
2.9

6
10.5

4
'n.1

1
5.7

'3
12.3

2.9

3
31.9

6
1.8

5
8.5

2
C)

2
4.0

1
6.4

0.7

1
12.4

1
0. 0

4
8.2

4.n

3 5
5.8 2.9

5 3
48.4 45.2

4 2 1 3
0.8 0.2 0.0 0.0

6 4 2 1
2.8 2.6 1.7 0.8

4 2 6 1
44.9 44.0 30.4 28.3

5,174 1.386

5,174 3.600Diptera
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Table 1.2.-Continued

Lepidoptera

Insecta

Unknow~n

11 17-20 September

coleoptera

Diptera

Lepidoptera

Insecta

Unknown

1 4 2 5
5,174 1.874 38.0 29.6 27.4 27.0

6 1 2 55,174 5.442a 28.3 26.7 20.6 11.8

4 1 5 2
5,174 0.692 1,0 0.8 0.6 0.2

6 5 4 3
5,170 4 . 2 8 4 a 18.2 14.3 10.3 8.3

1 2 3 4
5,170 4 . 5 5 6 a 45.0 41.7 35.1 28.7

4 5 6 3
5,170 2.130 38.5 37.2 36.9 31.6

1 2 3 5
5,170 6 . 4 9 6 a 28.8 13.7 10.1 8.7

6 5 1 2
5,170 0.480 1.2 0.9 0.5 0.3

6
24.0

4
10.6

3
0.0

1
2.2

6
22.0

2
31.0

6
8.5

4
0.2

3
19.1

3
10.5

6
010

2
1.2

5
19.8

1

4
8.1

3
0.0

aSignificant based on sequential Bonferroni minium
level set at 0.0006 for a table of 91 tests.

table-wide significance



7-

Best et al.-Erdangered Gray Bats 33

Table 1.3.-Results of one-way analysis of varia a and Student-Newman-Keuls a
posteriori tests for p of bat hair amonl 11 splin sessions used to
obtain fecal pellets of Myotis grisescens at Bli Wind Cave, Jackson Co.,
Alabama, 1991. Sapling sessions are listei above the averaqe incidence of bat
hair as follows: 1, 19-2 April; 2, 3-4 Mgy; 3, 24-25 Ma.; 4 8-9 June; 5,
25-28 June; 6, 8-12 July; 7, 22-26 Jqy; , 5-8 A 9, 19-22 Au 0,
3-6 ,peer; 11, 17-20 . Lines beneath averages indicate
nonsignificant subsets.

d. f. F-ratio Results of Student-Newnan-Keuls analysis

6 4 7 5 8 2 9 3 1 11 10
10,1465 9 .67 1 a 0.5 0.5 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1

aStatistically significant difference at P < 0.05.

JI
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Table 1.4.-Epsults of one-way analyses of rianea Studet-Newman-Keuls a
posteriori tests of baftt hair • hours of collection of fecal
pellets of Myotis grisescens at Blowin Wiind Cave, Jackson Co., Alabama, 1991.
Sa i h are listed above the averaqe incidence of bat hair in the fecal
pellets as folows: 2, i930-2030 h; 2, 2030-2230 h; 3, 2230-0030 h; 4,
0030-0230 h; 5, 0230-0430 h; 6, 0430-0630 h. J beneath averages indicate
nonsignificant subsets.

Sarpling session
and date d.f. F-ratio Results of Student-Newman-Keuls analysis

1 2 4 5 6 3
5 25-28 June 5,164 4 0 . 66 3 a 1.4 0.3 0.1 0.1 <0.1 0.0

1 2 4 6 5 3
6 8-12 July 5,174 4 9 . 0 1 6a 1.5 1.3 0.2 0.1 0.1 0.1

1 2 4 3 5 6
7 22-26 July 5,174 19 . 7 8 2 a 1.4 0.5 0.5 0.1 0.1 0.1

1 2 4 3 5 6
8 5-8 August 5,174 4 2 . 61 2 a 1.2 0.4 0.1 0.1 0.0 0.0

1 4 5 3 2 6
9 19-22 August 5,174 3 3 . 9 4 6 a 1.0 0.2 0.1 <0.1 0.0 0.0

1 4 2 5 3 6
10 3-6 September 5,174 3 . 4 5 2 a 0.3 0.1 0.1 0.1 0.0 0.0

1 4 5 2 3 6
11 17-20 September 5,170 0.374 0.2 0.2 0.2 0.1 0.i 0.i

asignificant based on sequential Bonferroni miniu' table-wide significance
level set at 0.0071 for a table of seven tests.
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Table 1.5. --B ts of y analysis of variancea and Student-Newman-yeuls a
eiori tests a sessions used to s al of prev available at

Guntersville Reservoir, jackson Co., Alabama, 1991. Sa sessions are
lis~tod ao the aveace of ty tg~g ýP-- 4X cir eah samingz
sesion: 5, 25-28 June; 6, 8-12 Julv•;2, 2_22-26 ; 8, 5- 8 A_,; 5-, 19-22• ; 10, _3-6 ýl; i1, 17-20 Setmbr beneath e
indicate nonsicinificant Subsets.

prey
ýcategory d. f. f-ratio Results of Student-Newman-ý-Keuls analysis-

5 7 6 9 8 10 11
Araneae

colecpter

Diptera

4tbmrxptera

Hemriptera

H ptera

Hymenoptexa

te-pidoptera

Neroptera

odonata

Tricbptera

6,377

6,377

6,377

6,377

6,377

6,377

6,377

6,377

6,377

6,377

6,377

3.215

2.293

3.497a

1.658

1.066

2.121

2.860

0.899

1.261

3.050

7.ý5 3.4 2.8 1.3 0.9 0.2 <b.i

6 8 5 7 9 10 11
A4.0 2.1 1.5 0.8 0.0 0.0 0.0

10 8 5 9 6 7 11
65.9 63.2 53.6 50.9 49.1 43.6 30.3

8 5 9 7 10 6 11
5.7- 4.1 4.0 2.0 0.7 0.6 0.0

8 5 9 6 7 10 11
1.0 0.3 0.2 0.0 0.0 0.0 0.0

5 6 8 7 9 10 11
2.3 2.0 1.5. 1.4 0.5 0.1 0.0

5 6 8 7 9 10 ii
0.6 0.1 <0.1 0.0 0.0 0.0 0.0

7 8 11 9 10 6 5
9.1 3.3 2.9 2.0 1.0 1.0 0.3

9 5 6 7 8 10 11
0.8 0.0 0.0 0.0 0.0 0.0 0.0

9 7 6 8 5 11 i0
-2.8 1.6 1.0 0.6 0.3 0.1 <0.1

10 8 7 6 9 5 1i
6.5 1.6 1,.2 - 1.1 0.6 0.4 '0.1

-- - iiii
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Table 1. 5.-continued.
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5
6,377 1 0. 1 9 9a 5.2Unknown

1i 7 9 10 8 6
1.0 0.3 0.2 0.2 0.1 0.0

asignificant based on sequential Bonferroni minimium table-Wide significance
level set at 0.0042 for a table of 12 tests.
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Appendix 1.1. -- i e sions, s, 1i _ si hours, dates of

oollection, starting ties, e n t and sampl sizes for fecal pellets of
Myotis grisesoens collected at BI Wind Cave, Jackson Co., Alabama, 1991.

Sampling Sarpling Saimpling Samplin Starting ard Sample
sssion day hawr date ending time size

1 1 1 19 April 1900-2330 10
1 1 2 19-20 April 2330-0030 i0

1 2 1 20 April 1900-2000 10

2 3 1 3 May 1900-2015 10
2 3 3 3-4 May 2340-0200 10
2 3 4 4 May 0200-0400 10
2 3 5 4 May 0400-0600 10
2 3 6 4 May 0600-0700 10

2 4 1 4 May 1900-2015 i0

3 5 1 24 May 1900-2000 10
3 5 3 24 May 2200-2400 10
3 5 4 24-25 May 0000-0200 10
3 5 5 25 May 0200-0400 10
3 5 6 25 May 0400-0600 10

3 6 1 25 May 1900-2000 10

7 3 27-28 May 2230-0030 10

.4 8 2 8 June 2030-2230 10
4 8 3 8-9,June 2230-0030 10
-4 8 4 9 June 0030-020o 10
4 .8 5 9June 0230-0430 10
4 8 6 9 June 0430-0530 10
4 8 7 9 June 0530-0730 10

4 9 2 9 June 2030-2230 10

5 10 1 25 June 2000-2100 10
5 10 2 25 June 2100-2300 10
5 10 3 25-26 June 2300-0100 10
5 10 4 26 June 0100-0300 10
5 10 5 26 June 0300-0500 10
5 10 6 26 June 0500-0700 10

5 11 1 26 June 1930-2030 10
5 11 2 26 June 2030-2230 .10
5 u1 3 26-27 June 2230-0030 10
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Appendix i. I.--continued

5 11 4 27 June 0030-0230 10
5 11 5 27 June 0230-0430 10
5 11 6 27 June 0430-0630 10

5 12 1 27 June 1930-2030 10
5 12 2 27 June 2030-2230 10
5 12 3 27-28 June 2230-0030 0
5 12 4 28 June 0030-0230 10
5 12 5 28 June 0230-0430 10
5 12 6 28 June 0430-0630 10

6 13 1 8 July 1930-2030 10
6 13 2 8 July 2030-2230 10
6 13 3 8-9 July 2230-0030 10
6 13 4 9 Juiy 0030-0230 10
6 13 5 9 July 0230-0430 10
6 13 6 9 July 0430-0630 10

6 14 1 9 July 1930-2030 10
6 14 2 9 July 2030-2230 10
6 14 3 9-10 July 2230-0030 10
6 14 4 10 July 0030-0230 10
6 14 5 10 July 0230-0430 10
6 14 6 10 July 0430-0630 10

6 15 1 11 July 1930-2030 10
6 15 2 11 July 2030-2230 10
6 15 3 11-12 July 2230-0030 10
6 15 4 12 July 0030-0230 10
6 15 5 12 July 0230-0430 10
6 15 6 12 July 0430-0630 10

7 16 1 22 July 1930-2030 10
7 16 2 22 July 2030-2230 10
7 16 3 22-23 July 2230-0030 10
7 16 4 23 July 0030-0230 10
7 16 5 23 July 0230-0430 10
7 16 6 23 July 0430-0630 10

7 17 1 23 July 1930-2030 10
7 17 2 23 July 2030-2230 10
7 17 3 23-24 July 2230-0030 10
7 17 4 24 July 0030-0230 10
7 17 5 24 July 0230-0430 10
7 17 6 24 July 0430-0630 10

7 18 1 25 July 1930-2030 10
7 18 2 25 July 2030-2230 10
7 18 3 25-26 July 2230-0030 10
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7 l.l.--1ontinued.

7 18 4 26 July 0030-0230 10
7 18 5 26 July 0230-0430 107 18 6 26 July 0430-0630 10

8 19 1 5 August 1930-2030 10
8 19 2 5 August 2030-2230 10
8 19 3 5- 6 August 2230-0030 i0
8 19 4 6August 0030-0230 1O
8 19 5 6 August 0230-0430 10
8 19 6 6 Auqust 0430-0630 10

8 20 6 August 1930-2030 10
8 20 2 6 August 2030-2230 10
8 20 3 6- 7 August 2230-0030 10
8 20 4 7 August 0030-0230 10
8 20 5 7 August 0230-0430 10
8 20 6 7 August 0430-0630 10

8 21 1 7 August 1930-2030 10
8 21 2 7 August 2030-2230 10
8 21 3 7- 8 August 22.3.0-0030 10
8 21 4 8 August 0030-0230 10
8 21 5 8 August 0230-0430 10
8 21 6 8 August 0430-0630 10

9 22 1 19 August 1930-2030 10
9 22 2 19 August 2030-2230 10
9 22 3 19-20 August 2230-0030 10
9 22 4 20 August 0030-0230 10
9 22 5 20 August 0230-0430 10
.9 22 6. 20 August 0430-0630 10

9 23 1 20 August 1930-2030 10
9 23 2 20 August 2030-2230 10
9 23 3 20-21 August 2230-0030 10
9 23 4 21 August 0030-0230 10
9 23 5 21 August 0230-0430 10
9 23 6 21 August 0430-0630 10

9 24 1 21 August 1930-2030 10
9 24 2 21 August 2030-2230 10
9 24 3 21-22 August 2230-0030 10
9 24 4 22 August 0030-0230 10
9 24 5 22 August 0230-0430 10
9 24 6 22 August 0430-0630 10

10 25 1 3 September 1930-2030 io
10 25 2 3 September 2030-2230 10
10 25 3 3-4 September 2230-0030 10
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Appendix 1.1. -- continued.

10
10
10

10
10
10
10
10
10

10
10
10
10
10
10

1i
ii

ii.1

1i
1i
11

ii

ii

11
ii
1I

II

25
25
25

26
26
26
26
26
26

27
27
27
27
27
27

28
28
28
28
'28
28

29
29
29
29
29
29

30
30
30
30
30
30

4
5
6

1
2

3
4
5
6

.I

2
3
4

,6

1
2
.3
.4

5
6

2
3
4
5
6

1
12

3
4
5
6

4
4
4

4
4

4-5
5
5

5

5
.5

5-6
6
6
6

17
17

17-18
18
18
18

18
18

18-19
19
19
19

19
19

19-20
20
20
20

September
Septenber
Septeer

September
September
September
September
September
September

September
September
September
September
September
September

September
Septaeber
September
September
September
Sept~erbe

September
September
Septemer
September
September
September

September
September
September
September
September
September

0030-0230
0230-0430
0430-0630

1930-2030
2030-2230
2230-0030
0030-0230
0230-0430
0430-0630

1930-2030
2030-2230
2230-0030
0030-0230
0230-0430
0430-0630

1930-2030
2030-2230
2230-0030
0030-0230
0230-0430
0430-0630

1930-2030
2030-2230
2230-0030
0030-0230
0230-0430
0430-0630

1930-2030
2030-2230
2230-0030
0030-0230
0230-0430
0430-0630

10
10
10

10
i0
10
10
10
10

10
10
10
10
10
10

10
10
10
10
10
10

10
10
10
10
10
.10

6
10
10
10
10
10

Total number of fecal pellets examined 1, 476
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Appendix 1.2. -Sam11M sessions, • hours, dates of collection, time of
aollection, ad: number of _pye of p available to Myotis grisescens at

Guntersville e ir, Ja o ., Alabama, 1991.

Safpling Sanpling Sampling Sauplirn Sample
seIsson hour date tine size

5

6

7

1
2
3
4
5
6

1
2

3
4
5

1
2
3
4

1

2
3
4
5

1
2
3
4
5

1
2
3
4
5

25-28 June

8-12 July

22-26 July

5-8 August

19-22 August-

3-6 Sdpterber

1930-2030
2030-2230
2230-0030
0030-0230
0230-0430-
0430-0630

1930-2030
2030-2230
2230-0030
0030-023 0
0230-0430

1930-2030
2030-2230
2230-0030
0030-0230
0230-0430

1930-2030
2030-2230
2230-0030
0030-0230
0230-0430

1930-2030(
2030-2230
2230-0030
0030-0230
0230-0430

1930-2030
2030-2230
2230-0030
0030-0230
0230-0430

5
10
10
10
10

5

12
12
12
12
12

12
12
12
12
12

12
12

12
12
12

12
12
12
12
12

12
12

1Z•12
12

8

9

10

L
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Appedi.x 1.2.--Continued.
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11 1
2

4
5

17-20 September 1930-2030
2030-2230
2230-0030
0030-0230
0230-0430

7
7
7
7
7

384Total number of sauples of pirey oollected
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A~pendix 1.3. -Results of y analysi f variancea
Student-Newman-Keus a posterioai tests a fljhts of collection of fecal
pellets of Myotis grtisesdce at BIl Wind Cave, Jackson Q., Al 25-28
Jun 191. Samplg n are istei abave t averate peerentage of each
food ca~te-o as fol ows 1_, 25-26 JUne; 2, 26-2 June:; 3, 27T-2 June. L4~e

eth aveges indicate nonsiQnificant t

Food category d.f. F-ratio Results of Student-Newman-Keuls analysis

2 1 3
Araneae 2,167 0.359 1.0 0.6 0.3

3 1 2

Cole•ptera 2,167 1.071 8.0 4.4 4.2

3 1 2

Diptera 2,167 0.819 15. 2 14 .•1 0.4

2 1 3
Ep:Oherp 2,167 1.688 8.0 5.3 2.9

1 2 3
Heriptera 2,167 1.238 0.3 0.o 0.0

3 1 2
Hcamptera 2,167 2.018 1.3 0.2 0.1

3 2 1
HYnenoptera 2,167 1.504 0.6 0.1 0.1

1 3 2
SLepidoptera 2,167 1.410 33.9 33. 2 23.5

3 2 1
Neiroptera 2,167 0.823 0.3 0.1 o0o

2 3 1
Trichoptera 2,167 0.405 5.6 3.9 3.2

1 2 3
InseCta 2,167 2.322 11.1 10.0 6.2

2 1 3
Unknown 2,167 1.828 37.1 27.0 26.3

astig-ificant based on sequential Bonferroni minim= table-wide significance
level set at 0.0042 for a table of 12 tests.
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Appendix 1.4.-esults of one-way aaly of variancea and
Student-Newman-Keuls a posteriori tests a nigh of collection of fecal
pellets of Myotis grisescens at Blowinr wind Cave, Jackson Co., Alabama, 8-12
July 1991. ap niahn are listed e the i 2 of each
food cat yr as follows: 1, 8-9 July; 2, 9-10 J_•y; 3, 11-12 July. ine
beneAth averace indicate nonsianificant u

Food category d.f. F-ratio Results of Student-Newman-Keuls analysis

3 2 1
Coleoptera 2,177 1.017 16.9 12.8 11.0

2 1 3
Diptera 2,177 1.088 26.8 21.2 20.9

3 2 1
Heiniptera 2,177 3.458 3.9 1.0 0.7

1 3 2
Hcmoptera 2,177 3.918 4.6 1.2 0.8

3 2 1
Hymencptera 2,177 0.328 3.5 2.7 1.7

1 2 3
iepidoptera 2,177 0.221 43.1 40.8 38.4

2 3 1
Orthoptera 2,177 0.946 1.2 0.1 0.0

3 1 2
Pleooptera 2,177 1.000 0.1 0.0 0.0

2 3 1
Trichoptera 2,177 2.309 7.3 5.0 2.0

1 2 3
Insecta 2,177 5.218 9.4 4.2 3.1

3 1 2
Unknown 2,177 1.831 7.0 6.3 2.5

asignificant based on sequential Bonferroni minim=u table-wide significance
level set at 0.004A fnr % 4-h r%ýF 11 4*'--4--

d
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Appendix 1.5.-Results of oeay analysis of varianoea and
Student-Newman-Keuls a posteriori tests n ihts of collection of fecal
pellets of Myotis grisescens at Blowing Wind Cave, Jackson Co., Alabama, 22-26
July 1991. aMlingi are listed above the averaofe r f eachi
food ate y as follo , 22-23 July; 2, 23-24 July; 3, 25-2 July. Lines
beFood cavera .s indicate Reslt ofifi S-ub eats.-

Food category d. fI-ratio Results of Studenit-Newman-Keuls analysis

3
0.7

1
0.,0

2
0.0Araneae

Conleotera

Diptera

Ephavroptera

Heptera

Hymenoptera

Lepidoptera

Neurqptera

Odonata

Orthoptera

Pleoeptera

Trichopt~era

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

1.000

2.233

6. 5 2 6a

0.028

2.179

1.777

5.649

0.173

1.000

2.133

1.000

2.500

3 2 1
23.3 13.6 6.1

3 1 2
25.3 23.0 16.5

1 2 3
5.8 0.0 0.0

2 3 1
3.2 3.1 2.8

2 1 3
3.3 2.6 1.0

3 1 2
3.3 3.2 0.5

2 1 3
45.4 28.3 25.1

2 3 1
0.4 0.2 0.2

2 1 3
0.3 0.0 0.0

3 1 2
0.7 0.0 0.0

2 1 3
0.1 0.0 0.0

1 2 3
19.5 12.2 9.6
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Appedix 1. 5. --Continued.
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3 1 2
Insecta 2,177 1.084 4.8 3.0 S,0

1 3 2
Unknown 2,177 8 . 5 7 1 a 11.2 3.0 1.6

asignaficant based on sequential Bonferroni mbninr table-wide significance

level set at 0.0033 for a table of 15 tests.
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Appendix 1.6. -Results of n analysis of variancea and
Student-Newman-Keuls a posteriori tests am ni t of collection of fecal
pellets of Myotis grisesoens at Blowinm Wind Cave, Ja Co., Aýlabama, 5-8

~ 1991. Sairwl n are I ae the avrage e of each
food atoy as follws: 1, 5-6 _7; 2, 6-7 A! ; 3, 7-8 A__u . Lines

e a indicate nonsiqnificant subsets.

Food category d.f. F-ratio peslts of Student-Newmanr-Keuls analysis

Araneae

Coleoptera

Diptera

2,177

2,177

2,177

EpheMeroptera 2,177

Hemipte~ra

Hanoptera

Ippidcotpra

Meootera

Plemxptera

Tridwotera

Insecta

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

0.444

2.572

11. 027a

7.283a

0.328

3.411

0.669

1.374

2.014

2.337

1.077

1.838

3 2 1
0.4 0.1 0.1

3 2 1
11.3 5.-2 5.1

3 1 2
26.3 22.2 7.9

2 3 1
6.6 2.4 0.0

-3 2 1
2.0 1.50

2 3 1
.2.4 2.2 0.4

2 3 1
2.4 2.1 0.8

3 1 2
39.0 30.4 27.8

3 1 2
0.8 0.0 0.0

2 3 1
3.7 1.3 0.0

1 2 3
2.9 1.7 0.6

2 3 1
15.5 10.9 10.0
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Apperxaix 1. 6. -- oninued.
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1 2 3
Unknown 2,177 1 9 . 5 0 6a 27.3 25.2 0.8

aSignificant based on sequential Bonferroni minimum table-wide significance
level set at 0.0039 for a table of 13 tests.
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Apperdix 1.7. -Results of y analysis of Yarnoa and
Student-Newman-Keuls a posteriori tests amon ni of collection of fecal
pellets of Myotis grisescens at Blowing Wind Cave, Jackson (o., Alabama, 19-22
A 1991. aMI• nihts are listed above the aerc-n of each
food catego as follows: 1, 19-20 ; 2, 10-21 3; 3, 21-22 A

Lin beneas h irxiicate nonsiqnificant subsets.

9

Food category d.f. F-ratio Results of Student-Newman-Keuls analysis

1
0.2

2
<0. I

3
0.0Araneae

colecptera

Diptera

Hemiptera

Hcziptera

Hym xptera

lepidoptera

Mecoptera

Neuroptera

Orthoptera

Plecptera

Trichoptera

Insecta

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

3.283

1.748

5.498

5.715

1.343

0. 047

3.984

1.000

0.606

1.513

1.000

0.881

1.725

1 2 3
8;4 5.1 3.6

3 2 1
41.4 37.8 27.1

1 2 3
5.6 3.0 1.4

1 2 3
5.3 4.1 2.8

2 1 3
2.6 2.6 2.2

1 2 3
30.0 22.7 14.5

3 1 2
<0.1 0.0 0.0

2 3 1
0.2 0.1 0.0

1 2 3
0.3 0.0 0.0

2 1 3
<0.31 0.0 0.0

3 1 2
12.8 9.4 8.4

3 1 2
13.1 9.1 8.6
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Appendlix I -77 --Continuied.

2 3 1
Unknc~m 2,177 2.400 7.5 6.4 2.1

asignificant based on sequential Bonferroni minimum table-wide significarc
level set at 0.0036 for a table of 14 tests.
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Apperdix 1.8. -Results of m y analysis of variancea and
Student-Newman-Keuls a ostcerioi tests n n of oollection of fecal
pellets of Myotis grisescens at Blowirg Wind P , Jac Co., Al 3-6
September 1991. S in n are listed above the average p of
each food c as follows: l, 3-_4 4p-5br; 2, 4- S 3, 5-6
ept Lin beneats indicate nonsiQnificant subsets.

51

Food category d.f. F-ratio Results of Student-Newmran-Keuls analysis

3
0-7

2
n r.~

1
<nfl.Araneae

Col1tera

Diptera

Hemiptera.

HcNIoptera

Hymenoptera

Lepidoptera

Neu•tptera

Orthctera

Thysanoptera

Tridxbpte

Insecta

2,177

2,177

2,177

2,177

2,,177

2,177

2,177

2,177

2,177

2,177

2,177

2,177

0.624

1.702

1.148

0.564

0.607

1.173

2.533

0.897

1.000

1.000

2.923

2.813

1 3 2
4.0 3.0 1.4

2 3 1
43.5 40.6 36.4

3 1 2
2.0 1.2 0.6

3 1 2
2.5 2.0 1.4

3 2 1
4.0 2.7 1.6

1 2 3
31.5 29.4 21.7

3 2 1
0.7 0.1 0.0

2 1 3
<0.,1 0.0 0.0

3 1 2
<0.1 0.0 0.0

1 2 3
6.8 5.0 1.0

3 1 ý2
23.1 15.9 15.2

-U
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Apendix 1.8. -Continued.

3 1 2
Unknown 2,177 1.184 0.8 0.4 <0.1

aSignificant based on sequential Bonferroni minimum table-wide significance
level set at 0.0039 for a table of 13 tests.
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Appendix 1.9.--Results of o analysis of variancea and
Student-Newman--Keuls ga potriori tests amon niqts of collection of fecal
pellets of Myotis grisescens at Blowing Wind Cave, Jackson Co., Alabama, 17-20
Se Et• 19791. -mli n are li t above the apeent of
each f cateko as follows: 1, 171 j 18-19 Sept ; 3,
19-20 S Lines t th averages indicate nonsignificant subsets.

Food category d.f. E-ratio Results of Student-Newinan-Keuls analysis

-raneae

Coleoptera

Diptera

Hemiiptera

Hairbptera

Hymenoptera

lepidoptera

Neturptera.

Orthoptera

Thysanoptera

Trichoptera

Insecta

2,173

2,173

:2,173

2,173

2,173

2,173

2,173

2,173

2,173

2,173

2,173

2,173

0.219

6. 6 8 6 a

2.018

1 5 . 3 1 6a

4.269

0. 910

38 . 1 9 2 a

2.477

0.966

2.042

0.505

3.778

2 1 3
0.4 0.2 0.2

1 2 3
12.9 12.2 2.2

1 2 3
37.1 30.7 27.1

2 1 3
7.4 2.3 0.1

2 1 3
5.0 4.0 0.9

2 1 3
2.8 1.8 0.9

3 2 1
54.6 25.1 19.4

3 2 1
1.8 1.4 0.3

2 1 3
0.1 0.0 0.0

3 1 2
<0.1 0.0 0.0,

1 3 2
4.7 3.3 2.2

1 2 3
17.1 12.2 8.3



Best et al..-Endargered Gray Bats 54

Apn ix .9. -- ontinued.

2 3 1
Unknomn 2,173 0.329 0.7 0.6 0.2

aSignificant based on sequential Bonferroni minimum table-wide significance
level set at 0.0039 for a table of 13 tests.
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Appendix 1.10.-Results of one-way o eand
Student-Newman-Keuls g pgsteriori tests hours of collectin of
pell of Myotis grisescens at Blowi windCave, Jackson Co., Alabama, 25-28
June 1991. Saji hours are listed above the averae prcenta of each food

ato re.presented in the fecal pellets as follows: 1, 1930-2030 h; 2,
2030-2230 h; 3, 2230-0030 h; 4, 0030-0230 b; 5, 0230-0430 h; 6, 0430-0630 h.
Lines beneath aver-cres indicate nonsicnificant subsets.

Food category d.f. E-ratio Results of Student-Newman-Keuls analysis

Araneae

coleoptera

Diptera

Ephawxtptera

Hemiptera

Hamoptera

Hymenqpter

lapidoptera

Nsptera

Trichoptera

Insecta

5,164

5,164

5,164

5,164

5,164

5,164

5,164

5,164

5,164

5,164

5,164

1.042

4- 489a

3.415

3. 819a

1.267

1.803

2.006

27. 602a

0.795

2.300

4. 619a

5 2
2.3 0.5

4 3
14.4 10.8

4 6
19.8 18.8

4 212.2 9. 9

2 1
0.5 0.0

6 2
2.2 0.4

6 
4

1.0 0.2

1 2
81.7 35.8

2 4
0.5 0.2

3 4
11.4 7.7

5 6
15.6 11.2

6
0.4

2
4.1

3
14.3

3
8.0

3
0.0

4
0.1

2
<0.1

3
17.9

1
0.2

6
2.5

5
12.7

5
3.4

4
0.0

1
0.0

1
0.0

4
14.8

3
0.2

5
2.1

2
12.5

6
0.8

5
0.0

3
0.0

3
0.0

5
13.3

4
0.1

1
0.0

1
0.8

1

0.0

6
0.0

5
0.0

5
0.0

6
12.4

1
0.0

6

4.6

3
9.6

3
0.0

2
3.8

2
9.4

5
0.0

5
0.4

4
8.7

6
0.0

1
0.0

1
1.2
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Appendix 1.10.--Continued.

Unknown 5,164 6 .4 2 1 a

56

5 6 3 2 4 1
50.1 46.0 27.9 22.6 21.8 12.7

asignificant based on sequential Bonferroni minnim table-wide significance
level set at 0.0042 for a table of 12 tests.
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Appendix 1. 11. -Results of one-way wan of varjancea and
Student-Newan-nKeus a psteriori tests hours of collection of fecal
pellets of Myotis grisesoens t Blowinc Wind C Jak o., Alabama, 8-12
Juiv 1991. Siig am liste , avera' e pe ta of each food

oy represented in the f pellets as follows: 1, 1930-2030 h; 2,
2030-2230 h; 3, 2230-0030 h; 4, 0030-0230 h; 5, 0230-0430 h; 6, 0430-0630 h.
Lines beneath averaces indicate nonsignificant subsets.

Food category d.f. F-ratio ReU ts of Student-Newman-Keuls analysis

Coleoptera 5,174 5 . 3 0 3 a

5,174 1 6 . 0 2 0 a

3 6 4
25.5 20.2 16.3

5
13.9

2 1
3.4 2.1

Diptera

Hemiptera

Haxqptera

Hymeoptera

Lepidcptera

Orthopter~a

P•1eatera

Tricdhatera

5,174 2.791

5,174 5 . 9 8 6 a

5,174 1.041

5,174 7 7 . 6 0 9 a

5,174 0.979

5,174 1.000

5,174 2.317

5 4 6 3 2 1
36.7 34.1 31.0 27.9 7.2 0.9

6 5 3 4 1 2
4.9 4.5 0.9 0.8 0.0 0.0

3 6 5 4 1 2
9.1 2.6 0.7 0.5 0.4 0.0

3 2 6 5 4 1
5.2 4.2 4.2 1.7 0.6 0.0

1 2 5 6 4 3
93.2 79.0 24.9 18.7 14.8 14.1

6 5 1 2 3 4
.2.4 0.i 0.0 .0.0 0.0 0.0

3 1 2 4 5 6
0.2 0.0 0.0 0.0 0.0 0.0

4 3 2 6 5 1
10.9 7.1 4.9 2.2 1.7 1.7

Insecta 5,174 7 . 2 1 0 a
4 6

12 6.5
3 5 2 1

6.2 2.9 1.3 1.3
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Andix1. 5--,o4ti d.

Ukon5,174 3.933a

58

5 6 4
12.9 7.4 6.8

3 1 2
3.8 0.6 <0.1

aSignificant based on sequential Bonferroni minimumi table-wide significance
level set at 0.0046 for a table of 11 tests.
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Appendix 1.12. -- PResu-ts of onje-wav ofna =v~rana and
Student-Newan-Keus g posteriori t o hours of collection of fecal
pellets of Myctis grisescens at Bi Wind Cave, Jackson Co., Alabama, 22-26

1iny 1991. Sa hlin r are list above t averao e taqe of each food
_represented i the eeee lts a foll 1930-2030 b; 2,

2030-2230 hi 3, 2230-0030 h; 4, 0030-0230 h; _5, 0230-0430 h; 6, 0430-0630 h.
Lines ae e irdicate nonsianificant .

Food category d.f. F-ratio Results of Student-Newman--Keuls analysis

Araneae

Coleoptera

Diptera

5,174

5,174

1.000

3. 9 0 7 a

5,174 1 1 . 5 1 5 a

Epheeroptera 5,174

2 1 3
1.3 0.0 0.0

3 5 6
28.6 18.2 14.0

6 3 5
39.7 29.7 28.1

6 4 1
.0 2.7 0.0

4 2 3
6.1 5.3 3.4

3 4 6
_5.4 2.8 -2.5

2 4 6
4.1 3.1 2.4

1 2 6
9M 33.7 21.0

4 5 6
0.0 0.0 0.0

4 2 1
13.0 11.4 0.8

4 2- 1
14.0 13.3 4.9

2 3 5
0.0 0.0 0.0

5 6 1
-2.4 1.0 0.0

5 2 1
2.3 0.8 .0.

3 1 5
2.3 1.8 0.2

4 5 3
19.1 18.7 14.4

Hemiptera

Hupitera

Hymectera

Lepidopteka

5,174

5,174

5,174

5,174

2.192

2.748

0.583

39. 11 9 a

Neurcptera

Odonata

Orthoptera

5,174

5,174

5,174

1.612

1.000

2.176

5
1.3

5

0.6

3

3
0.4

1

0.0

1
O.D0

1
0.0

2
0.0

2_

2
0.0

3
0.0

4
0.0

4
0.0

4
0.0

5
0.0

6
0.0

6
0.0

6
0OO
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Appendix 1.12 .-- Continued.

Pl•eoptera 5,174 1.000

Ticikcptera 5,174 1 3.3 8 6 a

60

D
2 1
).i 0.0

4 2
.5 25.7

6 3
5.6 4.6

5 6
'.1 7.1

3
0.0

6
6.7

4
0.0

3
6.3

5
0.0

5
6.3

6
0.0

1
0.0

Insecta

Unkrxcwn

5,174

5,174

1.252

9.638a

E

19

4
4.2

3
3.4

2
3.4

1
1.0

5
2.9

2
0.9

1
1.0

4
0.1

asicgificant based on sequential Bonferroru minirmum table-wide
level set at 0.0033 for a table of 15 tests.

significance
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Appendix 1. 13. -BL of one-wa nas of varian and
Student-Newman-Keuls a posteriori tests amo hours of collection of fecal
pee of Myotis grisescens at Blow Wind Cave, Jackson Co., Alabama, 5-8

u 1991. acinp hours are listed above the avergq t of each
food cate ry represented in the6 pelt as follows: 1, 1930-2030 h; 2,
2030-2230 h; 2, 2230-0030 h; 4, 0030-0230 b; 5, 0230-0430 h; _, 0430-0630 h.

eth averaes i a nonsignificant s .

Food category d.f_ F-ratio Results of Student-Newman-Keuls analysis

Araneae

Coleoptera

Diptera

5,174

5,174

5,174

Ephereroptera 5,174

HEmiptera

HcmEoptera

Hymnoptera

Lepidcptera

MeTchtera

Plecxptera

Trichoptera

5,174

5,174

5,174

5,174

5,174

5,174

5,174

1.485

3.275

9.678a

1 1 . 8 6 6 a

1.289

3.247

1.257

32. 305a

2.050

2.362

0.995

6 4 1
1.0 0.2 0.0

3 4 2
17.1 9.5 6.6

6 3 4
31.7 30.4 25.0

5 6 1
13.6 4.5 0.0

4- 3 6
3.2 3.2 L;7

5 3 6
3.3 2.9 2.7

3 2 4
4.6 2.5 1.6

1 2 3
85.0 50.1 17.9

4 1 2
1.7 0.0 0.0

4 2 3
6.0 3.9 <0.1

4 3 2
3.7 3.5 1.5

2 3 5
0.0 0.0 0.0

6 5 1
4.7 4.2 1.2

5 2 1
12.8 11.•2 1.7

2 3 4
0.0 0.0 0.0

2 5 1
0.6 0.4 0.0

4 2 1
-0.8 0.4 0.0

6 5 1
1.0 0.5 0.1

4 5 6
16.1 12.9 12.5

3
0.0

1

0.0

5
1.4

5
0.0

5
0.0

6
'0.3

6
0.0

6
0.0

0
0.0
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Appendix 1.13.--Continued.

62

5 6 4 3 1 2
Insecta 5,174 7 . 2 2 1 a 22.0 20.8 12.2 8.1 5.7 4.0

5 4 2 6 3 1
Unknc~n 5,174 2.306 29.1 20.1 19.4 19.1 12.3 6.4

asignificant based on sequential Bonferroni minimm table-wide significance
level set at 0.0039 for a table of 13 tests.
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Appendix 1.14.-Resul of one-way of variancea and
Sbtuent-Newman-Keuls a posteriori tests 2 hofrs of ollect of fecal
Pell of Myotis grisescens at Blowing Wind Cave, Jackson Co., Alabama, 19-22

1991. Sampli hours are listed above the r p of each
food in the feral Delle folo: 1, 1930-2030 h; 2,
2030-2230 h; _j, 2230-0030 h; 4, 0030-0230 h; 5, 0230-0430 h; 6, 0430-0630 h.
Line beneath a indicate nonsianificant subsets.

Food category d.f. i-ratio Results of Student-Newman-Keuls analysis

Araneae

Ooleciptera

Dipter~i

5,174

5,174

;5,174

1.000

1.954

8. 9 9 9 a

Hemiptera 5,174 4 . 6 5 5 a

HaT~atera

Hymercptera

Lepidoptera

Meootera

Neuroptera

Orihoptera

Plecoptera

Trichciptera

5,174

5,174

5,174

5,174

5,174

5,174

5,174

5,174

2.682

0.841

2 9 .858a

1. 000

0.750

0.900

1.000

3.199

U

4

(

7

<0

5 6 3
).2 0.2 0.1

3 6. 4
).0 9.1 7.2

5 4 6
5ý1 44.8 41.1

3 2 4
7.7 4.5 3.2

2 3 6
1.9 5.5 4.3

6 5 2
.6 3.4 3.3

1 2 3
7.2 21.4 18.5

3 1 2
3.1 0.0 0.0

6 3 2
0.4 0.2 0.1

4 3 1
3.4 0.1 0.0

6 1 2
3.1 0.0 0.0

4 2 3
).8 12.3 11.1

<0

4

3(

2

U
i0

4 1
3.1 0.0

2 5
4.3 2.9

2 3
5.2 31.9

5 6
'.9 1.8

5 4
.0 2.7

3 4
2.9 1.8

6 5
).5 8.5

4 5
).0 0.0

1 4
3.0 0.0

2 5
3.0 0.0

3 4
3.0 0.0

5 1
a.2 5.2.

2
0.0

1
0.7

1
12.4

1
0.0

1
0.8

1
0.0

4
8.2

6
0.0

5
0.O

6
0.0

5
0.0

6
4.7
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Appedix 1. 14. -Continued.

64

Unksecta

Unknw

5,174 1.967

5,174 1 5 . 8 2 6 a

6 3 1 4 2 5
15.2 12.1 10.4 10.1 9.9 4.0

5 6 4 2 1 3
21.7 9.2 0.8 0.2 0.0 0.0

asignificant based on sequential Bonferroni minimum table-wide significance
level set at 0.0036 for a table of 14 tests.
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Appendix 1.15.-Results of one-way analyses of Variancea and
Student-Newman-Keuls a posteriori tests among hours of collection of fecal
p2et of Myotis gris at B i wind a, Jackson cb., Al 3-6

S m 1991. S p hours are listed above the ave-age p of each
food categor rep-reseted inthe fecal pellets as follows: 1, 1930-2030 h; 2,
2030-2230 h;ý 3, 2230-0030 h; 4, 0030-0230 b; 5, 0230-0430 h; L, 0430-0630 h.

Lines beneath averaces indicate nonsicmificant subsets.

Food category d.f. f-ratio Results of Student-Newman-Keuls analysis

Araneae

Coleoptera

Diptera

Hoip~tera

Hamoptera

Hynonoptera

Lepidoptera

Neuroptera

0ithaptera

.Thysanptera

Trichipteim

5,174

5,174

5,174

5, 174

5,174

5,174

5,174

5,174

5,174

5,174

5,174

0.683

1.386

3.600

0.938

1.380

0.878

1.874

0.959

i.o000

1.000

0.454

6 5 1 4 3 2
1.3 0.9 0. 3 0. 1 0.1 0.0

3 5 6 4 2 1
5.8 2.9 2.8 2.6 1.7 0.8

5 3 4 2 6 1
48.4 45.2 44;9 44.0 30.4 28.3

3 6 5 4 2 1
3.5 1.6, 1.4 1., 1 0.2 .0o

3 6 4 2" 1 5
3.6 3.0 2.4 1.3 1.1 0.5

6 3 4 1 5 2
4.8 4;1 2.6. 2.3 1.7 1.0

1 4 2 5 6 3
38.0 29.6. 27.4 27.0 24.0 19.1

:3 4 1 2 5 6
1.3. 0.1 0.0 0.0 00 .0

5 1 2 3 4 6
0.1 0.0 0.0 o.0 O..o 0.0

3 -1 2 4 5 6
<0.1 0.0 0.0 0.0 0.ý0 0.0

3 4 5 6 2 1

6.8 5.0 4.7 3.9 3.7 1.7

6 1 2 5 4 3
Insecta 5,174 5 , 4 4 2 a ,28-.3 26.7 20.6 11.8 10.6 101.5
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Appendix 1. 15.-Catined.

4 1 5 2 3 6
Unknown 5,174 0.692 1.0 0.8 0.6 0.2 0.0 0.0

asignificant based on sequential Bonferroni minimum table-wide significance
level set at 0.0039 for a table of 13 tests.
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Appendix 1.16. -Results of one-way analyses of variancea and
stude-Newman-Keuls a posteriori tests hours of collection of fecal
pellets of Myotis grisescens at Blowing Wind Cave, Jackson Co., Alabama, 17-20
SPtbe 1991. Sam hours are listed above the a t of each
food a represented in the feca pellets as follows: 1, 1930-2030 h; 2,
2030-2230 h; 3, 2230-0030 b; 4, 0030-0230 h; 5, 0230-0430 _h; 6, 0430-0630 h.
Lines av indicate nonsignificant t

Food category d.f. F-ratio Results of Student-Newman-Keuls analysis

6 3 4 5 1 2
Araneae 5,170 1677 0.8 0.6 0.1 0.1 0.0 0.0

6 5 4 3 1 2
Coleoptera 5,170 4 . 2 84 a 18.2 14.3 10.3 8.3 2.2 1.2

1 2 3 4 6 5
Diptera. 5,170 4 . 55 6a 45.;0 41.7 35.1 28.7 22.0 19.8

5 6 4 2 3 1
Hemiptera 5,170 3.117 6.8 4.6 4.5 2.8 0.8 0.2

5 2 6 4 3 1
Hcmoptera 5,170 1.811 6.7 4.1 - 3.2 3.1 2.0 1.0

3 6 5 4 2 1
Hymenoptera 5,170 0.631 3.3 2.7 2.2 1.8 0.6 0.4

4 5 6 3 2 1
Lepidoptera 5,170 2.130 38.5 37.2 36.9 31.6 31.0 18.0

6 1 5 2 3 4
Neuroptera 5,170 0.520 1.8 1.4 1.3 1.0 0.9 0.3

3 1 2 4 5 6
Orthqptera 5,170 0.973 0.1 0.0 0.0 0.0 0.0 0.0

2 1 3 4 5 6
'Ihysancptera 5,170 1.879 0.1 0.0 0.0 0.0 0.0 0.0

3 4 2 1 5 6

Trichbitera 5,170 0.890 7.2 4.6 3.4 2.5 2.0 0.4

1 2 3 5 6 4
Insecta 5,170 6.496a 28.8 13.7 10.1 8.7 8.5 8.11
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Appendix 1.16.--Continued.

6 5 1 2 4 3
Unknown 5,170 0.480 1.2 0.9 0.5 0.3 0.2 0.0

asignificant based on sequential Bonferrtni nim= table-wide significanoe
level set at 0.0039 for a table of 13 tests.
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Appendix 1.17.-Results of one-wa analysis of variancea and
Student-Newman-Keuls a posteriori test for pr of Acari among 1 sa1ml
sessions used to L fecal elle of Myotis grisescens at Blowing Wind
Cave, Jackson Co., Alabama, 1991. SaMi sessions are li the
aIer-ge incidence of Acari as follos: 1, 19-20 April; g, 3-4 My; 32, 24-25
May; 4, g Jun; 5, 25-2 June; _, 8-12 Jl-y; 7, 22-2 J•ly; a, 5 A ;
19-22 A 10, 3-6 S g 11, 17-20 e Lines benea averaces
indicate nonsin'nificant subsets.

d.f. F-ratio Results of Student-Newman-Keuls analysis

1 9 7 5 11 6 3 8 10 2 4
10,1465 2.047 1.3 0,9 0.8 0.8 0.4 0.4 0 3 0.2 0.1 0.0 0.0

aStatistically significant difference at P < 0.05.

I
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Appendix i. 18.- -Es4t-s 2 - analysis of variandea and
Stuxent-Newman-Keuls a posteriori tests for ar- a niats of collection of
fecal pellets of Myotis grisescens at Blow Wind Cave, Jackson Co., Alabama,1991. 5 a are 1isted above t a incidence of Acari. Lines
beneath averages indicate nonsicnificant subsets.

Sampling
session d. f. F-ratio Results of Student-Newman-Keuls analysis

27-28 Jun 26-27 Jun 25-26 Jun
5 2,167 3.307 2.0 0.5 0.0

9-10 Jul 11-12 Jul 8-9 Jul
6 2,177 0.947 0.7 0.3 0.2

22-23 Jul 25-26 Jul 23-24 Jul
7 2,177 0.554 1.2 0.8 0.4

5-6 Aug 7-8 Aug 6-7 Aug
8 2,177 1.050 0.3 0.2 0.0

21-22 Aug 20-21 Aug 19-20 Aug
9 2,177 3.681 1.8 0.6 0.3

4-5 Sep 3-4 Sep 5-6 Sep
10 2,177 0.005 0.2 0.1 0.1

17-18 Sep 18-19 Sep 19-20 Sep
11 2,173 0.778 0.6 0.5 0.1

aSignificant based on sequential Bonferroni minimum table-wide significance
level set at 0.0071 for a table of seven tests.
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Apendix 1.19. -Results of analyses of varianea and
Student-Newan-nKeuls a posteriori tests of Acari amo hours of collection of

P2a p e 9 Myotis grisescens at Blowig W Cave, Jacs C., A
1991. Sal hor are 1 above th aera iri of Aari a
follows: 1, 1930-2030 h; 2, 2030-2230 h; 3, 2230-0030 h; 4, 0030-0230 h; 5,
0230-0430 h; 6, 0430-0630 h. Lines beneath averaqes indicate nonsicinificant
subsets.

Sampling session
and date d.f. F-ratio Results of Student-Newman-Keuls analysis

2 1 5 4 3 6
5 25-28 June 5,164 1.122 2.2 1.1 0.6 0.5 0.0 0.0

3 4 6 1 2 5
6 8-12 July 5,174 1.496 1.1 0.9 0.3 0.0 0.0 0.0

3 2 4 1 5 6
7 22-26 July 5,174 1.617 1.9 1.8 1.1 0.0 0.0 0.0

4 2 3 1 5 6
8 5-8 August 5,174 0.811 0.4 0.4 0.3 0.0 0.0 0.0

3 2 4 1 5 6
9 19-22 August 5,174 2.460 2.2 1.4 1.2 0.3 0.0 0.0

4 3 1 2 5 6
10 3-6 September 5,174 1.464 0.6 0.3 0.0 0.0 0.0 0.0

2 4 6 3 1 5
11 17-20 September 5,170 0.999 1.0 0.8 0.4 0.2 0.0 0;0

asigr,ificant based on sequential Bonferroni min=i=u
level set at 0.0071 for a table of seven tests.

table-wide significance
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Appendix 1.20. -Results of one-waanalys f variance and
Student-Newman-Keuls a posteriori tests for =a hair.n ni-h of collection
of fecal pellets of Myotis grisescens at Blowing Wind Cave, Jackson Co.,
Alabama, 1991. Sampling n Are listed above the a incidence of bat
hair. Lines beneath indicate nonsirnificant subsets.

Sanlirq
session d.f. F-ratio Results of StWent-Newman-Keuls analysis

27-28 Jun 25-26 Jun 26-27 Jun
5 2,167 2.619 0.5 0.3 0.2

8-9 Jul 9-10 Jul 11-12 Jul
6 2,177 0.552 0.6 0.5 0.5

23-24 Jul 22-23 Jul 25-26 Jul
7 2,177 4.849 0.6 0.5 0.2

5-6 AUg 7-8 Aug 6-7 Aug
8 2,177 01728 0.4 0.3 0.3

21-22 Aug 19-20 Aug 20-21 Aug
9 2,177 0.639 0.3 0.2 0.2

4-5 Sep 3-4 Sep 5-6 Sep
10 2,177 2.356 0.2 0.1 0.1

17-18 Sep 19-20 Sep 18-19 Sep
11 2,17i 1.953 0.2 0.2 . 0.1

aSignificant based on sequential Bonferroni minimum table-wide significance
level set at 0.0071 for a table of seven tests.
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Appndix 1.21.--Resuts of a y of variancea and
Staxent-Newmart-Keuls a posteriori tests • hours within each saml
essio for potential pey available to Myotis grisescens at Guntersville

Reservo, Jackso1 C., Alabama, 11 Sam g s are listed above the
averaqe pejnqtac of Pr oo11ected in each gteqoy: 2, 1930-2030 b; 2,
2030-2230 h; 3, 2230-0030 h; 4, 0030-0230 h; 5, 0230-0430 h. Lines
averages indicate nonsignificant subsets.

Sanpling
session Prey
and date category d.f. F-ratio Results of Student-Newman-Keuls analysis

5 25-28 June

Araneae

Cojeoptera

Diptera

Epbaeraptera

Hemiptera.

Hcutera.

Lepidoptera

Odonata

Trichoptera

6 8-12 July

Araneae

4,:40

4,40

4,40

4,40

4,40

4,40

4,40

4,40

4,40

4,40

0.295

0.618

0.689

1.405

0.864

1.084

0.864

0.864

0.604

0.782

5
12.0

.3
2.9

2
67.2

1
17.6

4
1.3

4
6.9

2
1.4

4
1.7

3
0.7

3

9.7

2
5.7

3
9.5

4
-. 3

1
54.5

4
9.4

1
0.0

3
2.5

1

0.0

1
0.0

4
0.6

1

6.7

4
5.1

4
7.1

2
0.6

4
54.5

3
1.7

2
0.0

1

1.2

3
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Appendix 1.21. -continued.

2 1 3 4 5
Diptera

Epharaptera

Hamoptera

Hyrenaptera

t-pidoptera

Odiata

Trichoptera

7 22-26 July

Araneae

Cbleoptera

Diptera

Ehomptera

Hcmxiptera

Lepidoptera

Odonata

Trichoptera

'Unknown

4,55

4,55

4,55

4,55

4,55

4,55

4,55

4,55

4,55

4,55

4,55

4,55

4,55

4,55

4,55

4,55

5.222 80.8- 55.5 52.1 46.8 10.4

2.0io

0.425

1.000

0.934

1.848

1.670

0.820

1.756

1.182

1.019

1.601
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0.590

0.737

1.000

1
3.1

3
4.2
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0.3
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I~perdix 1.2 1. --Contiu&ed.

8 5-8 August
4 2

0.3
3 5

Diptera
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HeDiptera

H cnptera

ýHyNenorptra

-Lepidojter

oicanata

Trichoptera.

'9 .1%ý22 August

'Araneae.

Diptera

Hemiptera

Hcznptera

4,55
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Appendix 1.2i.--Continued.

76

4 3 1 2
0.7
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Appendix 1.21.--Continued.

4 1 2 3 5
Lepidoptera 4,30 1.000 14.3 0.0 0.0 0.0 0.0

1 2 3 4 5
Odonata 4,30 1.000 0.3 0.0 0.0 0.0 0.0

1 2 3 4 5
Trichoptera 4,30 2.242 0.7 0.0 g.0 0.0 0.0

4 1 2 3 5
Unknown 4,30 1.000 4.8 0.0 0.0 0.0 0.0

asignificant based on sequential Bonferroni minimum table-wide significance
level set at 0.0008 for a table of 62 tests.
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Appendix 1.22.--SpneaMan-rank correlation oxefficientsa calculated t the
ocurmnce of food categories in fecal pellets and availability of potetjia

at e time fecal pll collected a availability of potential
prey 2 b vrioL to the pellets we Coll at Guntersville
Reservoir, Jackson Co., Alabama, 1991; asteris indicates P < 0.05.

Number of potential
Number of potential prey available

Food prey available *2 h previously
category n r _n r

Araneae 35 -0.010 28 -0.204

Coleoptera 35 0.414* 28 0.384*

Diptera 35 -0.300 28 0.124

Ephaerptera 35 0.185 28 0.459*

Hemiptera 35 -0.067 28 -0.117

Homoptera 35 -0.257 28 -0.233

Lepidoptera 35 -0.014 28 -0.040

Odonata 35 -0.134 28 0.255

Trichoptera 35 -0.184 28 0.003

asignificant based on sequential Bonferroni minimum
level set at 0.0028 for a table of 18 tests.

table-wide significance
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Appendix 1.23.--Spem -rank oorrelation coefficientsa a bet___
of food gategori in fecal Dell and availability of potential

p•y ~isamin sessions 5-11 at Guntersville Reservoir, Jackson CO.,
Al 1991; an asterisk indricates P < 0. 05.

Food
category

Nuzaer of potential
prey availablI __
D _r

Araneae

Coleoptera

Diptera

Ephemratera

Hemiptera

Hcamo.ptera

Lepidoptera

Odonata

Trichoptera

7

7

7

7

7

7

7

7

7

-0.054

0.371

0.036

0.768*

-0.394

-0.643

0.306

0.412

0.107

aSignificant based on sequential Bonferroni minm-um table-wide significance
level set at 0.005,6 for a table of nine tests.

s

i
I
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Appendix 1.24.-- of the average rce Of fcoof •o-ri
in fecal pellets m averand e e availabilityo 9 potetial Pre
sam.ig session 5-11 Guntersville Reservoir, Ja o Co., Al

Sampling Occurrence and Foyd-prey catrorv
session Date availability ARAa COL DIP EPH HEM HOK LEP OD TRI

5 25-28 June Occurrence 0.7 5.4 13.1 5.6 0.1 0.5 30.0 0.0 4.2
Availability 7.5 1.5 53.6 4.1 0.3 2,3 0.3 0.3 0.4

6 8-12 June Occurrenoe 0.0 13.6 23.0 0.0 1.9 2.2 40.8 0.0 4.8
Availability 2.8 4.0 49.1 0.6 0.0 2.0 1.0 1.0 1.1

7 22-26 June 066urrence 0.2 14.3 21.6 1.9 3.0 2. 3 32.,9 0.1 13.7
Availability. 3.4 0.8 43.6 2.0 0.0 1.4 9.1 1.6 1.2

8 5-8 August Ooxurrence 0.2 7.2 18.8 3.0 1.5 1.7 32..4 0.0 1.7
Availability 0.9 2.1 63.2 5.7 1.0 1.5 3.3 0.6 1.6

9 19-22 August Occurrence 0.1 5.7 35.4 0.0 3.3 4.0 22.4 0.0 10.2
Availability 1.3 0.0 50.9 4.0 0.2 0.5 2.0 2.8 0.6

10 3-6 September Cixdrree 0.5 2.8 40.2 0.0 1.3 2.0 27.5 0.0 4.3
Availability 0.2 0.0 65.9 0.7 0.0 0.1 1.0 <0. 1 6.5

11 17-20 Septenter Occurrence 0.3 9.2 31.8 0.0 3.4 3.4 32.5 0.0 3.4
Availability <0.1 0.0 30.3 0.0 0.0 0.0 2.9 0.1 0.1

a~Abreviations are as follows: ARA, Araneae; QCL, Coleoptera; DIP, Diptera;
EPH, hawrotera,; HM, Hezniptera; BcM, Hamoptera; LEP, Lepidoptera; ODO,
Odonata; TRI, Trich.ptera.
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ITl. RADIOJELU4ERC ASSESSM21 OF m1VEzTr PATTERNS

OF THE GRAY .BAT (MYCYTIS GRISESCENS) AT GJUIIE1SVILIE RESERVOIR,, ALABMA

David P. Thomas and Troy L. Best

De r it of Zoology 'atd Wildlife Sciende and

Alabama AariculturExperient Station, 331 Funchess Hall,

Auburn University, AL 36849-5414

Abstract. -- The objective of this study was to use radiotelemetric
monitorir. to elucidate seasonal variation in ýnvement patterns of
indilvidual gra ýbats !(Mvotýis sr4§% n81t :G n Iters-ville Resei~votr. The
results of'our research inaicate that individual gray bats foraged over
.large areas of Guntersville. Reservoir, there was :considerable movyement of
bats. between Blowing Wind and Hambrick, caves, the average minimu, size 6f
the home range of individual gray bats at Guntersville Reservoir was ca. 7
by 24. km and covered an area of ca. 97 km2l, bats may have ýa greater
affinity for foraging areas during and- shortly after the time young become
volant and during the breeding season than -later in the active season as
the time to enter hibernation nears, bats moved over a broader area. during

.the time the'yaz, becM volant than later in the active season, the
greatest number of days a bat was detected at the same monitoring site,
the greatest distances traveled by bats, and the greatest number of nights.
a bat was found at' the same locality did not vary between sampling
periods, and .during 1991, the bats were found mor .often at about the time
young became volant than later in the active season..

'The gray bat (Mti4 gfrisesoen) has a limited distribution in linestone-karst
areas of the eastern and southern United States (Hall, 1981; 'Hall and Wilson,
1966; Rabinowitz and Tuttle, 1980). Primarily because of habitat destruction
and' molestation by humans (Barbour a DEavis, 1969;. Tuttle, 1979a, 1979k), the
gray bat was listed as an endangered species by the United States Fish and
Wildlife Service (Greenwalt, 1976). Large winter colonies of the gray bat are
known to hibernate in only nine caves. In early spring, winter colonies
disn and leave winter hibernacula; adult females emerge fran hibernation
first, 'followed, by yearlings of -both, sexes, and finally by adult males-. The
bats move to other caves where they form large transient colonies that occupy
caves for several days. Gray bats then form maternity colonies, where females
give birth and raise their .young, and. bachelor colonies, which predominantly
cntain Males and non-reproductive females. After young becxme volant. sex and
age segregation weakens within the hone range bf the populationi
Young-of-the-year of both sexes remain with the females in maternity colonies
cduring July and August. Autumn migration takes place in the same order as
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spring emergexe, with adult females leaving in early September and
young-of-the-year remaining behind with the last males to leave, usually by
mid-October (Elder and Gunier, 1978; Tuttle, 1976a, 1979a).

Movement patterns among summer caves, as well as movement patterns between
summer caves and hibernacula, are relatively well understood (Elder and Gunier,
1978; Hall and Wilson, 1966;' Tuttle, 1976a, 1979a). Gray bats generally occur
as relatively discrete populations that occupy a series of summer caves
associated with one or a few hibernacula (Elder and Gunier, 1978; Hall and
Wilson, 1966; Tuttle, 1976a). For example, gray bats associated with a large
hibernaculum in Kentucky occupy summer caves in that area (Hall and Wilson,
1966), those associated with a large hibernacdlum, in southwestern Missouri
occupy nearby surmmr caves (Elder and Gunier, 1978), and those associated with
a large hibernaculum in northeastern Alabama also occupy nearby summer caves
(Tuttle, 1976a), However, this affiliation between summer caves and winter
hibernacula also may involve lonc-distance movements by relatively few
individuals (Elder and Gunier, 1978; Hall and Wilson, 1966; Tuttle, 1976_) or
by whole populations, e.g., gray bats from northwestern Florida regularly
migrate to a winter hibernaculum in northeastern Alabama (Tuttle, 1976a_).

During suner months, Blowing Wind and Hambrick caves, located at Guntersville
Reservoir in northeastern Alabama, contain the two largest summer colonies of
gray bats (Tuttle, 1976a; United States Fish and Wildlife Service, in litt.).
The combined populations of gray bats at Blowing Wind and Hambrick caves is ca.
600,000, a doubling of their population during the past 10 years (The Tennessee
Valley Authority, in litt.). Blowing Wind Cave (primarily a bachelor colony)
and Hambrick Cave (a maternity colony) contain bats that represent a single
colony, and almost all hibernate in nearby Fern Cave. Bats banded in Hambrick
Cave have been found hibernating only in Fern Cave, but recoveries of
hibernating bats banded at Blowing Wind Cave were more widely distributed; most
hibernated in Fern Cave, but some also hibernated in Tennessee and a few as far
away as Missouri. Recoveries of banded bats of all sexes and ages for all
times of the year from Blowing Wind Cave indicate movements throughout northern
Alabama and middle Tennessee (Tuttle, 1976a).

Although large-scale nvemaent patterns among caves inhabited by single colonies
of gray bats is well documented, smaller-scale movement patterns are not well
known. During the active season of gray bats, movements patterns associated
with foraging require forays from summer caves. At Norris Reservoir,
Tennessee, Rabinowitz (1978) found that gray bats foraged at some sites more
than others; this foraging pattern may be correlated with the abundance of prey
species, e.g., mayflies (Ep roptera-Rabinowitz, 1978; Rabinowitz and
Tuttle, 1982; Tuttle, 1976b). Previous research has shown that gray bats may
forage 15-35 km ;fram the roost each night and that foraging activities are
restricted to the hcue range of the population, which may be 50 km across
(Tuttle, 1976a). Although night-flying, aquatic insects serve as the primary
source of food for M. .risesoens, little is known about the foraging and
movement patterns of gray bats in Alabama. Guntersville Reservoir is large and
supports a variety of aquatic habitats, but not all regions of the reservoir
provide equal quantities of acceptable prey species. Gray bats probably use a
variety of foraging sites throughout the active season to optimize foraging
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effort. The only previous study of movement patterns of M. grise n at
Guntersville Reservoir was conducted during the 1960s and early 1970s, a time
when the population of gray bats was decreasing (Tuttle, 1975, 1976a, 1976b,
1979a, 1979b).

Historically, various methods have been used to study the biology and movement
patterns of M. gr. Banding and recovery has been the method most
widely employed (Elder and Gunier, 1978, 1981;. Gunier and Elder, 1971; La Val
et al., 1977; Stevenson and Tuttle, 1981; Tuttle, 1975, 1976a, 1976b; Tuttle
and Robertson, 1969; Tuttle and Stevenson, 1977), but this technique may
involve capturing bats several times, it may be critically disturbing to a
colony, and at times it has been necessary to use a shotgun to sacrifice bats
to recover banxis (Tuttle, 1976b). Attached chemilumine-sent capsules make
dispersing _M. cris more easily detectable, and when observed fraI a
helicopter, the bats can be followed relatively easily (La Val et al., 1977).
Observations using night-vision equipment also have been successful
(Rabirnitz, 1978). Because they are swift fliers (18-39 km/h-Kennedy and
Best, 1972; La Val et al., 1977; Tuttle, 1976_), gray bats can disappear from
sight quickly, often crossing open water or traveling overlard to reach their
destinations (Ia Val et al., 1977), but radiotelemetry eliminates the need to
maintain visual contact with the bats. The technology to monitor movmermts of
small bats by radiotelemetry was not available in the 1960s and 1970s when most
of the previous studies of L. gris were conducted in Alabama.
Radiotelemetry may provide answers to questions about the foraging ecology and
movement patterns of this species, and provide additional information that will
be useful in its protection and management. The objective of our study was to
use radiotelemetric monitoring to elucidate seasonal variation in movement
patterns of individual M. ris at Guntersville Reservoir.

METHODS AND MAITRIALS

This study was conducted at Guntersville Reservoir, a 27,479-ha impounrent of
the Tennessee River in northeastern Alabama and southern Tennessee. The
reservoir was constructed ca. 50 years ago for commercial navigation, flood
control, and hydroelectric generation. It is bounded downstream by
Guntersville Dam and upstream by Nickajack Dam in Tennessee. An abundance of
ecologically diverse aquatic habitats are supported by Guntersville Reservoir
(The Tennessee Valley Authority, in litt.). The area s Guntersville
Reservoir co nsists of a mixture of pine-hardwood forests and open pastures.
Limestone caves suitable for M. rie are situated near the reservoir and
its tributary systems, and three caves, Blowing Wind, Hambrick, and Nickajack,
are used each summer by large colonies of gray bats. Two of these caves,
Nickajack (located on Nickajack Reservoir, Tennessee) and Hambrick, open
directly onto the water, but Blowing Wind Cave is separated from the reservoir
by a distance of ca. 100 m. Entrances of these three caves have been fenced or
gated to prevent distuzrbamc of the bats by humans.

During the surmer of 1991 (8 July-17 September), gray bats were captured using
a harp trap (Tuttle, 1974) as they emerged frao Blowing Wind Cave, Jackson Co.,
Alabama, aid in the swmmr of 1992 (9 July-14 September) as they emerged fromn
Blcwir Wind Cave and Hambrick Cave, Marshall Co., Alabama. Bats were aged as
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young-of-the-year or adult; young-of-the-year were differentiated by the
prominent vascularization present at the wrist (Anthony, 1988; Barbour and
Davis, 1969). While most females in the population of gray bats at
Guntersville Reservoir gave birth and raised their young at Hambrick Cave, a
nursery colony oontaining >2,000 young also was present in Blcoing Wind Cave;
the mothers of these young-of-the-year were the primary focus of research
efforts.

Radiotransmitters were attached to 6 adult males and 21 post-lactating, adult
females in 1991 and to 34 post-lactating adult females in 1992. Hair was
partially removed from a 1-=2 area on the back with scissors, and a
radiotransmitter (0.8 g, model BD-2A with reed switch, Holohil Systems Ltd.,
Ontario, Canada) was attached using non-toxic "Skin-Bond" cement. Transmission
distance for these radiotransmitters is ca. 3-5 km, but may be >10 km over open
water with no pysical obstructions. No apparent distress was caused to the
bats by these procedures.

Five teams of two persons each monitored the bats throughout the night
(1930-0600 h CDr) using TRX-2000S radioreceivers (Wildlife Materials, Inc.,
Carbondale, IL) and collapsible three and five-element Yagi antennae. When
possible, walkie-talkies were used to cawunicate among teams of observers
concerning the movements of individual bats. aDring 1991, bats were monitored
from >30 sites; the number and location of which varied throughout the summer
(Fig. 2.1, Appendix 2.1). In 1992, the number of monitoring sites was reduced
to seven (Fig. 2.2, Appendix 2. 1), chosen for their wide vantage points and
because information gathered in 1991 indicated that these were areas frequently
used by bats. Each radiotransmitter frequency usually was monitored on a 1-min
rotational basis throughout the night. As in 1991, five teams of two observers
each monitored the bats throughout the night. The entrance of Blowing Wind
Cave was monitored throughout all sampling periods in 1991 and 1992.

Six parameters were used to assess morvement patterns, roost fidelity, and home
ranges of individual bats. To provide an estimate of how long individual bats
remained in the vicinity of Guntersville Reservoir, we examined the number of
days between receipt of the first and last radiotransmission from a bat and the
rumber of successful attempts to locate each bat. To provide an estimate of
size of home range, roost-site fidelity, and foraging-site fidelity, we
examined the total number of sites where each bat was located, the number of
times each bat was located (i.e., >15 min between each time the bat was
detected), the greatest distance each bat traveled from where the
radiotransmitter was attached (measured along a straight line in kilameters),
and the greatest number of nights each bat was found at the same locality. To
assess variation of these parameters within years, we divided each year into
early and late-season sampling periods (8 July-5 August and 19 August-3
September in 1991, 9 July-7 August and 21 August-4 September in 1992,
respectively). The early season sampling period generally corresponded to when
the young became volant and to the premigratory time for adult females, and thelate-season period generally corresponded to when adult females began to
migrate to hibernacula, the time of copulation, and to the premigratory tine
for young-of-the-year and adult males (Tuttle, 1975, 1976a, 1976b). One-way
analysis of variance was used to assess differences between sexes and sampling
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periods. To provide an estimate of the minirmm size of the home range of
individual bats, we plotted localities where bats with radiotransnitters were
detected, connected the points with straight lines, measured the greatest
length and width (90c to length) of the hare range, and overlaid a grid to
estimate the minimnm area of the home range. All statistical analyses were
conducted using SPSS/PC+ (Norusis, 1990).

RESULTS

During 199i, 38,771 atte•ts (81,452 min) were made to locate the 27 bats with
radiotransmitters attached to them (Table 2.1). Unknown electrical sources
near monitoring sites interfered with radiotransmissions at same lower
frequencies (150.000-150.300);' thus, data for 11 bats were omitted from
analyses. Of the remaining 16 bats, radiotransmissions were received fran 10
of them (3 mzles, 7 females), and six (3 males, 3 females) were not located
after release. Activity areas of bats generally were near Blowing Wind and
Hambrick caves. Of the 10 bats detected after release, six remained within ca.
10 km of Blowing Wind Cave, one (150..578) was located ca. 20 km downstream at
Guntersville State Park, and three (150.370, 150.418, 150.517) were located in
the Hambrick Cave-Guntersville Dam area, ca. 30 km from the release site
(Appendix 2.1).

In 1991, four bats with radiotransmitters were detected on two or more
oocasions at the sane monitoring site (Table 2.2), indicating that bats may
have areas where they regularly forage (i.e., an individual home range). Data
obtained in 1991 indicated the average hame range of individual bats was ca. 4
by 17 km and cxvered an area of ca. 50 kmo (Table 2.2). Generally, the home
ranges of the four bats that showed greatest movement from Blowing Wind Cave
coincided with the area between Blowing Wind and Hambrick caves and reflected
moveamnts between the two caves. Limited observations of these four bats
indicated one-way movements fran Blowing Wind Cave to Hambrick Cave and
Guntersville State Park; none of these bats returned to Blowing Wind Cave
(Appendix 2.).

During 1992, 67,885 attempts (103,216 min) were made to locate the 34 bats with
radiotransmitters (all females). Sixteen of these bats were not detected after
release, but radiotransmissions were received fram 18 of them at least once
after release (Table 2.1). Excluding the release site, no individual 'bat was
located at more than three monitoring sites (Table 2.2). Greatest activity of
bats occured near Blowing Wind Cave, Hambrick Cave, and Guntersville State
Park, with 15 of the 18 bats being found two or more times at the same
monitoring site (Table 2.2).. A functioning radiotransmitter, which had been
placed on a bat at Blowing Wind Cave 2 days previously, was reouvered fran a
cave in Guntersville State Park, indicating the bats used roost sites other
than Blowing Wind and Hambrick caves.

Of the 13 bats found after they were released at Blowing Wind Cave in 1992, one
(172.888) was detected only at Blowing Wind Cave, two (172.550 and 172.650)
traveled to Guntersville State Park (ca. 20 km) and returned, and one (172.950)
went to Guntersville State Park, back to Blowing Wind Cave, then to Brown's
Creek and Guntersville State Park (Appendix 2.1). Once they left Blowing Wind
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Cave, none of the remaining nine bats with radiotransmitters were detected
there again; two bats (172.591 and 172.770) went to Guntersville State Park and
Brown's Creek, one (172.830) moved between Brown's Creek, Guntersville State
Park, and Havbrick Cave, jtwo (172.640 and 172.791) went to Guntersville State
Park, two (172.671 and 172.729) went to Brown's Creek, one (172.809) went to
Guntersville State Park, Brown's Creek, and Hambrick Cave, and one (172.691)
that was released at Blowing Wind Cave on 24 July was located at Brown's Creek
on 26 July and outside Nickajack Cave, Tennessee, on 28 and 29 July, ca. 75 km
upriver ft the capture site and >100 km from Brown's Creek (Fig. 2.1,
Appex1ix 2.1). The five bats with radiotrwastnitters attached to them at
Hambrick Cave were found only at the release site, Brown's Creek, and
Guntersville State Park (Table 2.2, Appendix 2.1). Data obtained in 1992
indicated the average home range was ca. 9 by 28 km and covered an area of ca.
135 km2 . When combined with the 1991 data, the average minimum size of the
home range of gray bats at Guntersville Reservoir was ca. 7 by 24 km and
covered an area of ca. 97 km2 (Table 2.2).

When the amount of effort made to locate bats in 1991 was examined
statistically, there was no significant difference between the sampling periods
of 8 Jiuly-5 August and 19 August-3 September for number of attempts to locate
bats (ý-value = 0.575, d = 1,14, P = 0.461; 8 July-5 August, n = 3, X =
1,491 attempts/bat, range = 225-2,322; 19 August-3 Septber, _ = 13, zX = 1, 177
attets/bat, range = 269-1,809), but there was a significant difference
between sampling periods for the number of minutes spent atteapting to locate
bats in 1991 (F-value = 4.927, d.f. = 1,14, P = 0.044; 8 July-5 August, _n = 3,
_X = 3,482 min attempted/bat, range = 1,068-5,212; 19 August-3 September, ! =
13, X = 1,937 minattenpted/bat, range = 432-2i889). For 1992, there were
significant differences between sampling periods for number of attempts to
locate bats (F-value = 40.202, d&f. = 1,32, P < 0.001; 9 July-7 August, p = 20,
X = 2,686 attempts/bat, range = 1,955-3,978; 21 August-4 September, _n = 14, X =
1,218 attempts/bat, range = 442-1,719) and number of minutes spent attempting
to locate bats (F-value = 20.143, d.f. = 1,32, P < 0.001; 9 July-7 August, D =
20, X = 4,185 min atterpted/bat, range = 2,431-8,195; 21 August-4 September, L
= 14, X = 1,394 min atteted,/bat, range = 442-2,199). Thus, subsequent
analyses of the six parameters used to assess. movement patterns were conducted
after data recorded for each bat was divided by the number of minutes we
attempted to locate the bat, then multiplied by 100.

Statistical analyses of the number of days between receipt of first and last
radiatransmission indicated no significant differenc between sexes or between
sampling periods during 1991, but in 1992, the number of days that
radiotransmissions were received were significantly greater in the 9 July-12
August sampling period than in the 21 August-10 September period (Table 2.3).
Thus, bats remained in the vicinity of monitoring sites for more days in the
samp'ing period of 9 July-12 August than 21 August-10 September 1992. This
indicates that bats may have a greater affinity for foraging areas during and
shortly after the time young become volant and during the breeding season than
later in the active season as the time to enter hibernation nears.

In 1991, the number of succsful attempts to locate a bat did not differ
between sexes, but a significant difference was present between sampling
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periods; there was a greater number of sucoessful attempts to locate bats for 8
July-14 August than for 19 August-18 September (Table 2.3). There were no
significant differe=es between sampling periods in 1992. Thus, during 1991,
the bats were found more often at about the time the young became volant than
later in the active season. This may indicate that bats tend to lose their
affinity for foraging areas after the time the young become volant.

The number of sites where a bat was detected after release did not differ
between sexes, but in 1991 and 1992 there were significant differences between
sampling periods (Table 2.3). In 1991 and 1992, bats were more likely to be
detected in the sampling periods of 8 July-14 August and 9 July-12 August, than
in the sampling periods of 19 August-18 September and 21 August-10 September,
respectively. In 1991, seven bats were detected begilning 19 August, but the
average number of sites was less than for the three bats detected in the
earlier sampling period (Table 2.3). Beginning 21 August 1992, only one bat
was located after it was released (172.640). This bat was flying over the
reservoir north (average direction from observers = 3350, range = 250-400,
where north = 360 and b0) of the hotel facilities at Guntersville .State Park
and Was detected at varying intervals during the time periods of 0350-0440 h 7
September, 2013-2344 h 7 September, 0206-0448 h 8 September, 1945-2357 h,
2004-2126 h, and 2326-2400 h 9 September, and 2405-0308 h 10 September
(Ap"enix 2.1). Thus, bats moved among more sites during the time the young
became volant than later in the active season. This indicates that the bats
mewed over a broader area around the reservoir during the earlier sampling
periods.

There were no differences in number of times a bat was located after release,
in greatest distance a bat traveled from where a radiotransmitter was attached,
or in greatest number of nights a bat was found at the same locality between
sexes or between sampling periods during 1991 or 1992 (Table 2.3). Thus,
number of times detected, greatest distances traveled, and greatest number of
nights a bat was found at the same locality were similar throughout the
sampling periods.

DISCUSSION

It generally is assumed that addition of a radiotransmitter weighing 4-10% of
body mass has a negligible effect on knurement patterns of bats. A study by
Aldridge and Brigham (1988),has shown, however, that maneuverability decreased
proportionally to increase in mass of the radiotransnitter aid recommended
radictransmitters of <5% of body mass with animals <70 g. Because body mass of
pregnant bats may increase >30%, an absolute upper limit of 30% was suggested,
but this upper limit should be used only when food is abzxdant. Although the
bat can forage with this load, its behavior will be modified (Aldridge and
Brigham, 1988). Because body mass of the gray bats we stuldied usually was 8-11
g, radiotransmitters (0.8 g) were <10% of body mass. Judging from the
distances bats traveled and the length of time that radiotransmissions were
received, the bats apparently were unaffected by the radiotransmitters.

Based on earlier studies, the foraging range of M. gr was assumed to be
<35 km (Tattle, 1976a), and the majority of forays to be <12 km (range 1-35
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km--La Val et al., 1977). Acoxrdingly, monitoring sites were established
around North Sauta Creek, a large, shallow-water tributary of Guntersville
Reservoir, near the roost at Blowing Wind Cave (Fig. 2.1). Our initial plan
was to maintain radiocontact among observers using walkie-talkies and attempt
to triangulate locations of any bats detected, but this was not successful.
During su•m•r months, Blowirn Wind Cave was hale to 200,000-300,000 M.
grisescens (The Tennessee Valley Authority, in litt.). Upon emergence from the
roost, these bats dispersed in several directions, quickly moving out of sight
and outside the ,range of radioreceivers. While large numbers of M. gri
were observed foraging in the area of North Sauta Creek, a population density
of this magnitude required many of the bats to forage in areas beyond the
region of the reservoir being monitored. When an attenpt was made to reconcile
the situation by] moving sa•e of the monitoring sites farther away from the
roost, we lost the ability to maintain radioommunications with each other.
The great distance between monitoring sites made attempts to triangulate the
location of bats impossible.

M. D. Tuttle (in litt.) suggested that bats with radiotransmitters be followed
by boat directly from the roost and observed with night-vision scopes to
determine location and exact size of their territories, but this was not
feasible. Blowi* Wind Cave has two entrancs, and neither opens directly onto
the water. While most of the bats emerged from the largest entrance and went
directly to North Sauta Creek, the nearest water, a significant number of bats
flew overland at great heights for a distance of several kilometers to the
broader expanses of Guntersville Reservoir. It would be nearly impossible to
locate a specific bat at the cave entrance and follow it to its foraging
territory, because the bats frequently alternate between land and water in
route to their destinations.

Data from 1991 indicated that most bats initially captured at Blowing wind Cave
remained in the vicinity of the cave (Appendix 2.1)i Gray bats tended to be
transient, however, and more than one bat was detected near the Guntersville
Dam-Hambrick Cave area, ca. 30 km away from Blowing Wind Cave. One bat was
located near Guntersville State Park, at least 20 km from the capture site.
There also is reason to believe that more bats were traveling farther than
shown by the data presented herein. During 1991, several bats with
radiotransmitters were detected at Nickajack Cave, Tennessee, but -because
portions of the data became suspect when it was discovered that false readings
were being obtained on scue of-the lower radiofrequencies, the information was
disregarded. Apparently, Tuttle (1976a) did not include Nickajack Cave,
Tennessee, in his study of large-scale movement patterns of gray bats.
However, our data indicate that Nickajack Cave probably is within the home
range of the same population that inhabits Blowing Wind and Hambrick caves, and
it is likely that most bats from Nickajack Cave hibernate in Fern Cave with
other members of this population. Although bats from Nickajack Cave possibly
hibernate elsewhere, none of 43 banded at Nickajack Cave, was revered in the
hibernating colony in Coach-James Cave, Edmnson Co., Kentucky (Hall and
Wilson, 1966).

In addition to early or late migration, a few bats, most often yearlings or
adults without young, may make lengthy trips to other places within their
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summer hcme range (Tuttle, 1976a). It was evident from information gathered
during both years of our study that gray bats were using alternate roost sites
(Table 2.2). There always was a monitoring team stationed at the capture site
(i.e., Blowing wind Cave), and while it initially was expected that bats with
radiotransmitters would return to this site on a regular basis, they returned
only sporadically or not at all. One bat from Blowing Wind Cave was recorded
at Brown's Creek and at Nickajack Cave, Tennessee (ca. 75 km from the capture
site and >100 km from Brown's Creek-Fig. 2.1, Appendix 2.1). This long-range
movement pattern is consistent with other studies. An adult female M.
grisesoens from a colony in Tennessee was found 205 km distant on 7 August, at
a cave outside the hcme range of the colony, and returned to the original
colony site within 4 nights (Tuttle, 1976a), and bats in Kentucky also are
known to travel <75 km between summer caves (Hall and Wilson, 1966).

There was further evidence that gray bats were using roost sites other than
those where bats originally were captured. A radiotransmitter, which had been
used in our study, was found in a cave at Guntersville State Park during the
sun-r of 1992. Tuttle (United States Fish and Wildlife Service, 1982, in
litt.) .suggested that gray bats were territorial, and depending on abundance of
prey, foraging territories may be occupied by 1-15 bats. He also suggested
that females in reproductive condition seemed to control these territories,
which are located in-the same places and used by the same bats year after year.
If this assumption is true, M. gris probably is most territorial at
critical times of the year, e.g., when it is caring for its young. During our
study, which was conducted after the young became volant each year, sone bats
repeatedly returned to the same foraging sites. This suggests that bats have
individual hcme ranges and that these home ranges are large, i.e., because many
bats were detected repeatedly and at several locations during our study (Table
2.2, Appendix 2.1).

la Val et al. (1977) observed gray bats from a helicopter in Missouri and found
that bats flew rapidly and directly to foraging areas. In most instances, the
flight path of bats that flew cross-country took them over water again within a
few minutes. Bats foiaged over water, with brief forays into riparian
vegetation. The gray bats they observed tended to be concentrated in groups of
two or three adjacent to heavily wooded bluffs and hillsides. When subsequent
passes were made along the river in the helicopter, foraging bats, assumed to
be the same individuals, often were observed in the same places as on the
previous pass (La Val et al., 1977). In Tennessee, Rabinowitz and Tuttle
(1982) reported that gray bats scmetimes fed continuously at feeding
territories for several hours before returning to their roosts. Like la Val et
al. (1982), we also found that bats tended to be concentrated in groups in
foraging areas, but groups or individual bats rarely stayed >1 h before
leaving. Based upon our radiotelemetry data, none of the bats continuously fed
in any location -for several hours. We suspect that Rabinowitz and Tuttle
(1982) and la Val et al. (1982) observed different individuals or groups of
bats that were passing through a foraging area instead of the same bats
remaining for long periods to time. Qualitative observations of bats in
foraging areas indicated that several bats foraged over the water followed by
times when no bats were present. Our observations of short-term foraging times
at particular sites by individuals or small groups of bats also are supported
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by observations of La Val et al. (1982) in Missouri. They reported that one
female was followed by helicopter for 63 mrin on 19 May. During this time, she
foraged continucusly above the water along a 0.5-km section of the river.
Occasional forays were made into rivexbank trees, but these were of brief
duration. She foraged from just above the water to treetop level, but most
commnly remained 2-10 m above the water. At the end of the observation
period, she returned to the cave from which she had been released. Another
female on 18 May was observed foraging for 21 min during which she flew at a
height <2 m over the witer -for much of the time, within a 0.6-kin section of the
river (La Valet al., 1977). We do not believe that individual bats retubn
to roost sites after short foraging forays, but we believe our observations
indicate that foraging bats move on to foraging sites their prede ors have
vacated. Because we never detected a bat in any foraging area for a long
period of time in the same night, we believe that foraging areas were visited
at irregular intervals thra 0hout the night by different individuals or grckps
of bats. - rthUer, inidiVi bats ay return to the same foraging site on
subsequent nights and often at about the same time.

While we have shown that 1) individual gray bats foraged over large areas of
Guntersville Reservoir, 2) there was oonsiderable movement of bats between
Blowing Wind and Hambrick caves, -3) the average minimum size of the home range
of individual gray bats at Guntersville Reservoir was ca. 7 by -24 kIm and
covered an area of Caý. 97 RMi, 4) bats may have a greater affinity for foraging
areas during and shortly after the time young became volant and during the
breeding season than later in the, active season as the time to enter
hibernation nears, 5) during 1991, the bats were found more often at about the
time young became volant than later in the active season, 6) bats moved over a
broader area during the time the young became volant than later in the active
season, and 7) the greatest number of days at the same monitoring-site, the
greatest distances traveled, and the greatest number of nights a bat was found
at the same locality did not vary between sampling periods, further studies are
needed to deterine the precise microhabitats that are most important to M.
grisescens at Guntersville _Reservoir. Data acquisition in our radi6teleAetric
study was limited because of the great distances traveled by gray bats and the
inability to determine which microhabitats the bats were foraging over. The
use of alternate techniques of study or modification of our radiotelemetric
techniques, e.g., radiotelexntric monitoring with. the aid of aircraft or
satellites, Or developing methods to quantify rates of visitation by bats to
specific microhabitats, might prove to be -more precise in determining specific
micrd-bitats used by gray bats dur their nightly forays.
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Table 2.1. --Cender of ga bats (Myotis grisescens), freqy of
radiotransmitter, date radiotransmitter was attached, gate Of receipt of last
radiotrangmission, total number of a to locate the bat, numbet of
minutes g tt ing± to locate the bat, and number of minutes the bat was
located at Guntersville Reservoir, Alabama, in 1991 and 1992.
Radiotransmitters were attached to bats at Harnbrick (indicated by an asterisk)
and Blowing Wind caves.

Gender Transmittet Beg End Number of Minutes Minute-.
Year of bat frequency date date attenpts attempted located

1991
F 150.458 8 Jul 10 Jul 225 1,068 40
F '150.016 9 Jul N/A 3,176 9,590 N/A
F 150.038 22 Jul N/A 2,101 4,925 N/A
F 150.418 22 Jul 14 Aug 1,927 5,212 43
F 150.138 22 Jul N/A 2,103 4,972 N/A
F 150.080 23 Jul N/A 2,047 4,997 N/A
F 150.157 19 Aug N/A 714 1,359 N/A
F 150.178 5 Aug N/A 1,396 2,836 N/A
F 150.057 5 Aug N/A 1,428 2,892 N/A
F -150.247 5 Aug N/A 1,490 3,061 N/A
F 150.266 5 Aug N/A 1,469 3,062 N/A
F 150.308 5 Aug N/A 2,234 6,499 N/A
F 150.370 5 Aug 14 Aug 2,322 4,167 4

F 150.220 19 Aug N/A 844 1,636 N/A
F 150.349 19 Aug 19 Aug 1,809 2,889 0
M 150.756 19 Aug 19 Aug 1,657 2,669 b
M 150.398 19 Aug 23 Aug 1,687 2,728 8
M 150.439 19 Au& 19 Aug 677 1,341 0
F 150.328 23 Au4 23 Aug 592 1,912 0
F 150.497 3 Sep 3 Sep 1,413 2,284 1
F 150.517 3 Sep 6 Sep 1,365 2,040 14
F 150.578 3 Sep 7 Sep 1,417 2,289 1
F 150.657 3 Sep 4 Sep 1,368 2,016. 9
F 150.697 3 Sep 3 Sep 1,368 2,036 0
M 150.738 3 Sep 18 Sep 1,403 2,109 10
M 150.637 17 Sep 17 Sep 270 431 0
M 150.537 17 Sep 18 Sep 269 432 2

Total 38,771 81,452 1'32,
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Table 2.1.- -Continued.

95

1992
F
F
F
F
F*
F
F
F
F
F
F
F

F*
F*
F'*
F
F
F
F

172.650
172.550
172.950
172.888
172.849
172.969
172.770
172.591
172.691
172.729
172.809
172.830
172.572
1-72.631
172.872
172.909
172.927
172.671
172.791
172.989

172.382
172.020
172.109
172.259
172.540
172.710
172.751
172.168
172.211
172.304
172.353
172.431
172.501
172.640

9
9
9
9

11
24
24
24
24
24
24
24

6
6
6
6
7
7
7
7

21
21
21
21
21
21
21

4
4
4
4
4
4
4

Jul
Jul
Jul
Jul
Jul
Jul
Jul
Jul
Jul
Jul
Jul
Jul
Aug
Aug
AL)4
Aug
Aug
Aug
Aug
Aug

Aug
Aug
Aug
Aug
Aug
Aug
Aug
Sep

Sep
Sep
Sep
Sep

Sep

15
15
14
15
27
24
29
8

29
12
7
8

11
9

12
12
7
8

9

21
21
21
21
21
21
21

4
4
4
4
4
4

10

Jul
Jul
Jul
Jul
Jul
Jul
Aug
Aug
Jul
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug

Aug
Aug
Aug
Aug
Aug
AUg
Aug
Sep
Sep
Sep
Sep
Sep
Sep
Sep

3,978
3,949
3,931
3,902
3,162
2,883
2,267
2,878
2,221
2,132
2,898
2,139
2,147
3,178
2,154
2,146
1,955
1,956
1,878
1,971

1,636
1,705
1,719
1,635
1,636
1,696
1,701

776
442
722
7?22
724
876

1,068

8,080
8,048
8,195
7,997
3,468
3,404
2,790
3,-403
2,744
2,689
7,177
2,696
2,952
4,344
2,737
2,783
2,735
2,510
2,431
2,524

1,895
2,191
2,199
1,-894
1,899
2,004
2,015

776
442
724
722
739
876

1,133

54
25
22
5

88
0

40
10
26

5
13
1

12
14
7
0
1
9

0

0
0
0
0
0
0
0
0
0
0
0

go
0
0
o0

F
F
F
F
F
F
F
F
F
F
F
F
F
F

Total 67,885 103,216 414
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Table 2.2.-Number of times h bas (Myotis grisescens) were located after
release (>15 mi between each time of location), number of sites where thy

rlocate after el (does not include the site of rel
_iat_ gj the si of h _ at Gntersvil1e 16gor, -Al

1991 ad 1992.

Frequency of Number of Number of Minimum size of home range
Year transmitter locations sites Length (kin) Width (kin) Area (km2 )i

1991
150.370 2 2 29 3 44
150.398 1 2 3 3 5150.418 12 6 a 29 9 193
150.458 3 7 a 7 4 15
150.497 1 1
150.517 .5 3 a 29 5 73
150.537 1 1
150.578 1 1 22
150.657 3 3 5 1 3
150.738 4 3a 11 2 11

Average 3.3 2.9 17.3 3.9 49.1

1992
172.550 9 2a 22
172.572 1 1
172.591 4 2 31 9 140
172.631 8 2 a 15 9 68
172.640 1:5 ia 22
172.650 13 2 a 22
172.671 1 1 28
172.691 5 2 a 89 5 223
172.729 2 1a 28
172.770 25 3a 31 16 248
172.791 3 Ia 22
172.809 5 2a 31 16 248
172.830 10 3a J31 9 140
172.849 3 2 a 15 9 68
172.872 8 3a 15 9 68
172.888 5a
172.909 5 a 15
172.950 5 3 a 29 7 102

Average 7.1 1.8 27.8 9.1 134.6

Overall Average 5.7 2.2 24.2 6.9 97.2

aRadiptanmussions received at the same site >2 nights.
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I

Table 2.3.-Results of one-w analysis of variance between sexes and times
radiotransmitters were attached for variabl examined in a radiotelemetric
at o theo patern of _ (Myotis grisescens) at
Gttesille Rsrvoir, Alabama, 1991-1992. One astisk indic P < 0.05
and two aster irdidate p <0o.OOl.

Results of ANOJA.
Variable and date n X range d.f. F P

Number of days between receipt of first
and last radiotransminsior/,number of
minutes attempted X 100

1991

Males
Females

6 0.234
10 0.150

0-0.759
0-0.461

8 July-14 August
19 August-18 September

1992

9 July-12 August
21 August-10 September

3
13

0.327 0.240-0.461
0.148 0-0.759

1,14 0.525 0.481ns

1,14 1.661 0.218ns

1,32 7.893. 0.008*
20 0.240 0-0.744
14 0.044 0-0.618

Number of successful attepts to locate
each bat/number of minutes attempted X 100

1991

Males
Females

8 July-14 August
19 August-18 Septeber

6 0.205 0-0.474
10 0.589 0-3.745

3 1.555 0.096-3.745
13 0.189 0-0.686

20 0.450 0-2.538
14 0.504 0-7.061

1,14 0.633 0.439ns

1,14 7.781 0.015*

1992

9 July-12 August
21 August-10 September 1,32 0.015 0.904ns



Best et al. -Endangered Gray Bats

Table 2.3. -Continued.

Total number of sites where each bat was
located/rnmber of minutes attempted X 100

1991

98

Males
Females

6 0.075 0-0.232
10 0.120 0-0.655 1,14 0.279 0.606ns

1,14 5.043 0.041*
8 July-14 August
19 August-18 Septemb~er

3 0.273
13 0.064

0.048-0.655
0-0.231

1992

9 July-;12 August
21 August-10 September

20 0.044
'14 0.006

0-0.il
0-0.088 1,32 12.770 0.001**

Number of times each bat was
1ocated/number of minutes attempted X 100

1991

Males
Females

6 0.077
10 0.104

3 0.186
13 0072

0-0,232
0-0.281 1,14 0.238 0.633ris

1,14 3.181 0.096ns
8 July-14 August
19 August-18 September

0.048-0.281
0-0.245

1992

9 July-12 August
21 August-10 September

20
14

0.152 0-0.896
0.097 0-1.324 1,32 0.370 0.548ns

Greatest distance (kin) each bat traveled
frm where the radiotransmitter was
attached/number of minutes attemted X 100

1991

,Males
Females

3 0.211 0-0.522
7 0.648 0-1.422 1,8 2.236 0.173ns

1,8 0.271 0.617nS
8 July-14 August
19 August-18 September

3
7

0.636 0.556-0.696
0.466 0-1.422

1992

9 July-12 August
21 August-10 Septenber

17
1

0.746 0-3.243
1.942 - 1,16 2.414 0.140rs
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Table 2.3. -Continued.

Greatest number of nights each bat was found
at the sane locality/number of minutes

1991

99

Males
Females

6
10

3
13

0.107 0-0.463
0.045 0-0.098

8 July-14 August
19 Augustý-18 September

1,14 1.112 0.3lOns

1,14 0.003 0. 961ns
0.071 0.024-0. 096
0.068 0-0.463

1992

9 July-12 August
21 August-10 Septamer

20
14

0.074 0-0.219
0.025 0-0.353 1,32 3.300 0.079ns
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Fig. 2.1. -Sites monitored for gray bats (M 2rise ns) at Guntersville
Reservoir, Alabama, arxn Nickajack Reservoir, Tennessee, in 1991: 1) Blowing
Wind Cave; 2) Jackson County Highway 114 (sciuth of US 72); 3) Island in North
Sauta Creek; 4) Goose Pond Colony (boat raip); 5) Jackson County SporLsman's
Club (boat ramp); 6) B. B. Ccaer Bridge (boat raup); 7) South Sauta Creek (boat
ramp); 8) Guntersville Dam: 9) Hambrick Cave; 10) Guntersville State Park; 11)
Mink Cove; 12) NicIkjack Cave. In addition, ca. 18 other sites were monitored
at irregular itervals.
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Fig. 2.;2.-Sites monitared for gray bats (Myotis L at Guntersville
Reservoir, Alaba•a, aid "Nickajack Reservoir, Tennessee, in 1992: 1) Blcmw
Wind Cave; 2) Haibrick Cave; 3) Guntersville State Park; 4) Nickajack Cave; 5)
Brown's Creek; 6) Honeyccob Creek Cangrc -; 7) Jackson CoQnty Sportsman's
Club (boat ran=)

NKAJAAX DAM

TENNESSEE

ALABAMA

7

C

I
'4
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!
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Appendix 2.1. -- Mbritoring sites and radiotelemetry data for gray bats (MAotis
grisescens): ALABAMA--JacksoD Co.: Blowing wind Cave, T5S R5E, Barns
Reservation; Goodyear Plant on US Highway 72, TSS RME NW 1/4 Sec. 10; Goose
Pond Colony (boat -ramp), T5S R5E SE 1/4 Sec. 22; Island in North Sauta Creek,
T5S R5E, Burns Reservation; Jackson County Highway 114, T5S R5E NW 1/4 Sec. 16;
Jackson CXcnty Sportsman's Club (boat ramp), T5S R6E NW 1/4 Sec. 17; Highways
72 & 114, T5S R5E NW 1/4 Sec. 8; Zion's Rest Cemetery, T5S R5E NW 1/4 Sec. 7.
Marshall Co.: Brown's Creek, T8S R3E NW 1/4 Sec. 5; Guntersville Dam, T7S R2E
NE 1/4 Sec. 14; 0.5 mile below Guntersville Dam, T7S R2E NE 1/4 Sec. 15;
Guntersville State Park, ¶17S R4E SE 1/4 Sec. 27; Hambrick Cave, V7S R2E NE 1/4
Sec. 14; Honeycomb, Creek Caprcground, 77S R3E NW 1/4 Sec. 8; South Sauta Creek
(boat ramp), T6S R5E NE 1/4 Sec. 15. TEWESSEE-Marion Co.: Nickajack Cave,
85 0 36"361"W 340 59'0i"N.

Date Start Stop Total Direction
Frequency (d-m-yr) CUT CDT (ri) inity (degrees)

150.370 100891 2013 2015 2
140891 2145 2147 2

150.398 230891 0524 0529 5
230891 0527 0530 3

150.418 230791
230791
240791
240791
280791
290791
290791
300791
300791
300791
310791
070891
120891
140891

150.458 080791
080791
080791
080791
080791
080791
080791
100791

0125
0132
2459
0116
2007
2012
2349
2403
2004
2212
2225
2009
2044
1957

0121
2230
,2240
2242
2255
2258
2300
2405

0131
0134
0101
0118
2011
2014
2352
2404
2012
2.214
2227
2013
2046
2000

0127
2235
2242
2247
2258
2300
2307
2415

6
2
2
2
4
2
3
1
8
2
2
4
2
3

Hambrick Cave
Guntersville Dam

Jackson County Highway 114
Island in North Sauta Creek

Goose Pond Colony
Jackson County Highway 114
Goose Pond Colony
Goose Pond Colony
Hambrick Cave
Hambrick cave
Guntersville Dam
Guntersville Dam
Hambrick Cave
0.5 mile below Guntersville Dam
Guntersville Dam
Guntersville Dam
South Sauta Creek
Guntersville Dam

Blowing Wind Cave
Blowing Wind Cave
Jackson County Highway 114
Highways 72 & 114
Goodyear Plant
Jackson County Highway 114
Blowing wind Cave
Zion's Rest Cemetery

190
60

0
120

'300-360
150

80-140
160-180

emnerging

270
270
260

0-360
240
260

40
40

110
160

48
120-165
250-280

110
20-140

260

6
5
2
5
3
2
7
10

150.497 030991 2025 2026 1 Blowing Wind Cave 140
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Appendix 2. 1. -Continued.

150.517 030991
040991
060991
070991
070991

2214
2033
2142
1935
0502

2216
2035
2144
1941
0504

2
2
2
6
2

Jackson County Highway 114
Goose Pond Colony
Guntersville Dam
Guntersville [Dam
Guntersville Dam

30
140

80
100
100

80

100

150.537 180991 2315 2317 2 Blowing Wind Cave

150.578 070991 1941 1942 1 Guntersville State Park

150.657 0309.91
040991
040991
040991

150.738 080991
130991
130991
180991
180991
180991

172.550 110792
110792
120792
130792
140792
140792
140792
140792
150792

2115
2007
2008
203i

0426
0329
0333
2254
2311
2314

2050
2236
2032
2032
2050
2305
0253
0332
2039

2117
2010
2010
2033

0428
0330
0334
2256
2314
2315

2052
2248
2036
2033
2051
2306
0255
0333
2040

2
3

2

2

3
1

2
12

4
1
1
1
2
1
1

Blowing-Wind Cave
Jackson County Highway 114
Goose Pond Colony
Goose Pond Colony

Jackson County Sportman's Club
Blowing Wind Cave
Blowing Wind Cave
Jackson County Highway 114
Blowing Wind Cave
Jackson County Highway 114

Blowing Wind Cave
Blowing Wind, Cave
Blowing Wind Cave
Blowing Wind Cave
Blowirn Wind Cave
Blowing Wind Cave
Guntersville State Park
Blowing Wind Cave
Blowing Wind Cave

220
90

270
220

160
20
0
60

100-170
240

150
100
120
300

80
310
345
180
60

110172.572 110892 1947 1948 1 Hambrick Cave

172.591 250792
250792
250792
250792
250792
080892

172.631 070892
070892
070892
070892
070892
080892
080892
080892

2032
20542113

2128
2143
2435

0225
0247
0258
2109
2113
0224
2021
2031

2033
2058
2114
2130
2144
2436

0226
0248
0259
2110
2114
0225
2022
2032

1
4
1
2
1
1

1
1
1
1
1
1
1
1

Guntersville State
Guntersville State
Guntersville State
Guntersville State
Guntersville State
Brown 's Creek

Park
Park
Park
Park
Park

0
340

0
0
0
80

Brown' s Creek
Brown's Creek
Brown's Creek
Guntersville State Park
Brown's Creek
Guntersville State Park
Guntersville State Park
BrownIn's Creek

20
70
40

260
40

290
270
90
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Apperdix 2.1 •--Continued.

090892
090892
090892
090892

172.640 070992
070992
070992
070992
070992
070992
070992
070992
070992
070992
070992
070992
070992
070992
070992
080992
080992
080992
080992
080992
080992
080992
080992
080992
080992
080992
080992
080992
080992
080992
080992
080992
090992
090992
090992
090992
090992
090992
090992
090992
090992
090992
090992
090992

0210
0217
0247
2306

0350
0410
0426
0435
2013
2031
2045
2108
2122
2,138
2156
2251
2305
2329
2343
0206
0219
0340
0353
0406
0432
0447
1945
1959
2028
2225
2238
2304
2317
2330
2343
2356
2004
2017
2030
2045
2058
2111
2119
2125
2326
'2339
2352
2422

0211
0218
0248
2307

0356
0411
0428
0440
2017
2032
2047
2109
2124
2139
2157
2252
2306
2330
2344
0207
0220
0341
0354
0407
0435
0448
1947
2000
2029
2226
2239
2305
2318
2331
2344
2357
2005
2018
2031
2046
2059
2112
2120
2126
2327
2340
2353
2423

11

1

Guntersville State Park
Brown's Creek
Bm'an s creek
Brown's Creek

Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Gunteirville
Guntersville
Guntersville
Guntersville
GuntersVlle
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville

300
30
60
60

State
State
State
State
state
state
state
state
state
State
State
state
state
state
state
state
State
state
state
state
state
State
State
State
State
State
State
State
State
state
State
state
State
State
state
state
State
State
State
state
State
state
State
State

Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park
Park

270
270-330

330
250-340
300-30
300-30

320
350
350
330

10
320

290-310

330
340
340
350
320
330
330
340
340
340
320
340
350
340
340
340
340
340
,350
330

10
350

330-010
340
340
340
340

10
350
350
340
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Appendix 2. i. •oninuedi.

100992
100992
100992
100992
100992
100992
100992
100992
100992
100992
100992
100992
100992

172.650 100792
100792
100792
100792
110792
110792
110792
110792
120792
120792
120792
130792
140792
140792
140792
150792

2405
2418
2431
2444
2457
0110
0123
0136
0149
0202
0215
0254
0307

0245
2053
2228
2237
0218
0401
2212

2247
0153
0335
2140
2025

0139
0303
2021
0141

2406
2419
2432
2445
2458
0111
0124
0137
0150
0203
0216
0255
0308

0248
2054
2231
2238
0234
0405
2216
2255
0157
0338
2142
2026
0140
0304
2022
0143

1
1
1
1
1

1

1
I

1
1.

1
1

3
1
3
1

16
4
4
8
4
3
2
1
1
1
1
2

Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Gunt-ersville
Guntersville

Blowing Wind
Blowing Wind
Guntersville
Guntersville
Guntersville
Blowing Wind
Guntersville
Guntersville
Gunters ville
Blowing Wind
Blowing Wind
Blowing Wind
Blowing Wind
Blowing Wind
Blowing Wind
Blowing Wind

State
state
Statp
state
State
state
State
State
State
State
state

State
State
State

Cave
state
state
State
Cave

Cave
Cave
Cave
cave
Cave
cave

Park
Park
Park
-Park
Park
Park
Park
Park

.Park
Park
,Park
Park
Park

340
340
34,0
340
350
350
340
,340

40
340
350
340
340

Park
Park
Park

Park
Park
Park

0"320
180

180-220
2 240

280-330
3Q0

-20-25
220-;260
270-280

120
300
120
110
180
310
310

1-72.671 .080892 2437 2438 1 Br'wnIs Creek 80

172.'691 260792
280792
280792
290792
290792

2254
0253
2031

0419

2255
0310
2033
0302
0423

1
17
2
2
4

Brownri' Creek
Ni .ckajack Cave
Nickajack Cave
Nickajack Cave
Nickajack Cave

Brcwn'.s Creek
Brown's Creek

'30
340-190

10
80-~170

120-170

50
300

172.729 120892 0139 0140 1
280792 2027 2028 1

172.770 270792
270792
270792
270792
270792
280792
280792

2425
2439
2455
0124
2316
2203
2217

2426
2440
2456
0125
2317
2204
2218

1
1
1
1
1
1
1

Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersviile

State
state
state
State
State
State
Sta te

Park
Park
Park
Park
Park
Park
Park

290
300
340
320

20
350
330
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Appenxdix 2.1.-Continued.

280792
280792
280792
290792
290792
290792
290792
060892
06o892
060892
060892
060892
060892
070892
070892
070892
070892
070892
070892
070892
070892
070892
070892
080892
080892
080892
080892
080892
080892
080892
090892
090892
090892

172.791 080892
080892
080892
090892
0.90892
090892
090892
090892
090892

172.809 290792
060892
070892
070892
070892

2230
2316
2346
2402
2442
0108
0121
2200
2211
2251
2316
2327
2351
0200
0200
0211
0255
0306
0317
0324
0328
2013
2117
2434
0347
2013
2014
2035
2044
2132
0136
0206
0221

2237
2322
2353
2407
2422
2437
2452
0107
0122

2438
2449
0122
0241
0332

2231
2317
2347
2403
2443
0109
0122
2201
2212
2252
2317
2328
2352
0201
0201
0212
0256
.0307

0318
0325
0329
2014
2118
2435
0348
2014
2015
2036
2045
2133
0137
0207
0222

2238
2323
2354
2408
2423
2438
2453
0108
0123

2439
2450
0123
0242
0333

1
1

1

1
1
1,
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1

1.
1

1
1
1

1
1
1
1

1

Guntersville State Park
Guntersville State Park
Guntersville State Park
Guntersville State Park
Guntersville State Park
Guntersville State Park
Guntersville State Park
Brown's Creek
Brown' s reek
Guntersville State Park
Guntersville State Park
Guntersville State Park
Guntersville State Park
Brown's Creek
Guntersville State Park
Brons Cr eek
.Brwn' s Creek
Brown's Creek
Brown0s Creek
Guntersville State Park
Brown's Creek
Hambrick Cave
Guntersville State Park
Brown's Creek
Guntersville State Park
Hambrick Cave
Guntersville State Park
Brown's Creek
Guntersville State Park
Guntersville State Park

320
31o

-320
320
340
340

50
11i0
280
390
320
290
320
340
340

70
70
9P

280
50

130
320
340
280
100
320
80

270
300
80

40
320

290
310
330
300
260
320
340
220
300

320
100

90
260
280

Brown's Creek
Brown's Creek
Brown's Creek

Guntersville State
Guntersville State
Guntersville State
Guntersville State
.Guntersville State
Guntersville State
Guntersville State
Guntersville State
Guntersville State

Park
Park
Park
Park
Park
Park
Park
Park
Park

Guntersville State Park
Brown's Creek
Brown's Creek
Guntersville State Park
Guntersville State Park



Best et al. -Endarigered Gray Bats 107

Appendix 2.1. -Continued.

172.830 260792
280792
290792
290792
300792
070892
070892
070892
070892
080892
080892
080892

172.849 110792
120792
120792
120792
120792
120792
120792
120792
270792

172.872 060892
060892
060892
060892
080892
080892
090892
090.892
100892
110892
110892
120892
120892

172.888 100792
l10792
130792
140792
150792

172.909 080892
080892
080892
080892
120892
120892

2227
2353
0203
2156
0232
0257
0333
0357
2017
0142
0157
0242

0240
0149
0159
0208
0239
0356
0427
0438
2342

2124
2133
2146
2157
2133
2148
0242
0316

*2119
0220
2115
0139
2437

2133
0206
2023
2014
2014

2431
2446
0104
0121
2410
2440

2228
2354
0204
2157
0234
0258
0334
0358
2018
0143
0158
0243

0241
0151
0200
0235
0300
0422
0434
0442
2343

2126
2134
2147
2158
2134
2149
0243
0317
2110
0221
2116
0140
2438

2134
0207
2024
2015
2015

2432
2447
0105
0122
2411
2441

1
1
1
1

2
1
1
1
1
1
1
1

1
2

27
21
26

7
4
*1

2
1

1
1
1
1
1
1
1
1.

i
1

1
1
1
1

1

1
1
.1
1
1

1

Brown 's Creek
Brown's Creek
Brown's Creek
Guntersville State Park
Hambrick Cave
Brown's Creek
Guntersville State Park
Guntersville State Park
Hambrick Cave
Brown's Creek
Brown's Creek
Brown's Creek

20
320

20
350
130
340
290
330
230
340

20
340

Guntersville State
au-te ille State
Guntersville State
Guntersville State
Guntersville State
Guntersville State
Guntersville State
Guntersville State
Brown's Crek

Guntersville State
Guntersville State
Guntersville State
Guntersville State
Guntersville State
GuntOesville State
Bro'n Is CreekGuntersville State
Guntersville State
Guntersville State
Guntersville State
Cuntersville State
Hambrick Cave

Park
Park
Park
Park
Park
Park
Park
Park

Park
Park
Park
Park
Park
Park

Park
Park
Park
Park
Park

320
300
340

60-80
350-70
330-20
340-20

0-10
20

250
270
260

350
220

40
340
300
-280
280
300
120

80
40
50C

360
300

330
310
300
3i0
300
300

BlowirBlowinig

BowixiBlowin~g
Blowing

Wind
Wind
Wind
Wind
Wind

Guntersville
Guntersville
Guntersville
Guntersville
Guntersville
Guntersville

Cave
Cave
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MI. SEASONAL VARIMOI IN MVVEMM PAnTNNS OF THE ENANGERED

GRAY BAT (MYOS GRISESCNS) AT GMNTERVILE REERVOIR, AA

Amy B. Goebel

Pt of Zoology and Wildlife Sci 331 Fn Hall,

Aubun UniversitY, AL 36849-5414

•cThe purposes of this study were to use radiotelemetry to record
pa~tterns of 161eitýnt 'of ffemale qgray bats (Myots rgj)toghu
their annual period of activity, and to determine if these patterns were
affecteI by reproductive status. Each of the 107 bats outfitted with a
radiotransmitter was monitored for 10 nights early in each mointh frca May
to September at Guntersville Reservoir, Alabama. Movement patterns of
bats changed throughout the period of activity from April through
September, but they did not fly shorter distances during the period of
lactation than after lactati6n. Compared with periods of pregnancy and
lactation, gi7ay bats spent less time in the maternity cave immeiately
after lactation, but use, of the maternity cave by female bats increased
later in Septexber.

INIMODUCTION

Animals forage to obtain energy resourcs needed for metabolism,
thermoreulation, growth, and-reproduction (Speakman and Racey, 1987).
However, foraging activities are costly in terms of time and energy. Foraging
requires a teioral investment that reduces time available for mating,
protecting territories, or ayoiding predators (Schoener, 1971). Furthermore,
because quality and availability of food resources often are variable, animals
must expend energy to search for and pursue prey before energy can be
assimilated (Norberg, 1977; Schoener, 1971).

A net gain of energy frczn foraging is secred most efficiently when the rate of
energy intake per unit time is maximized (Norberg, 1977). The optimal-foraging
theory predicts that natural selection should result in foraging habits that
maximize energy gain per unit time (Norberg, 1977; Pyke, 1984; Schoener, 1971).
For females, maximizing gain of energy may be most critical during gestation
and lactation, when a great deal of energy mist be allocated to producing and
rearing offspring.

During gestation and lactation, small terrestrial mammals typically ccumensate
for rising energetic demad s by increasing consumption of food (Glazier, 1985;
Hanwell and Ieaker, 1977; Migula, '1969; Racey and Speakman, 1987). However,
while insectivorou's bats experience similar energetic needs during reproduction
as other small mammals, bats are able to respond to energetic demands
differently (Racey and Speakman, 1987).
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When gains of energy frcm food resources are inadequate, bats are able to
reduce total expenditure of energy by becoming heterothennic (Anthony et al.,
1981; Racey, 1982; Raoey and Speakman, 1985). A torpid bat decreases its rate
of energy expenditure to ca. 5-10% of the hmeothermic rate (Racey and
Speakman, 1987). Because bats are able to balance energetic needs either by
increasing intake of energy or by decreasing use of energy, bats are likely to
cope with energetic demands .differently than other small manials.

The gray bat, Myqt gris is thought to select roosts, foraging areas,
and food items in response to energetic needs. Throughout its range in the
southeastern United States (Hall, 1981), the gray bat minimizes time spent
foraging by selecting roost caves that are near bodies of water (Meyers, 1964;
Saugey, 1978; Tuttle, 19761_, 1976b; Tuttle and Stevenson, 1977). This provides
gray bats with rapid access to their prey, nocturnal flying insects, which
often are abundant over lakes and streams (Tuttle, 1976b). Gray bats may
maximize energetic gains from foraging by selecting profitable foraging sites
(Rabinowitz, 1978). When density of prey is low, temperate vespertilionid bats
usually feed opportunistically, but as prey becomes more abundant, bats may
increase net intake of energy by selecting high-energy food items. (Anthony and
Kunz, 1977; La Val and La Val, 1980; Rabincwitz, 1978; Ross, 1967).

While selection of roosts, foraging areas, and food items have been documented,
little is known about how _M. rie modifies its foraging patterns to cope
with changing energy needs. Aspects of foraging, such as duration of feeding
bouts,. distance to foraging areas, and number of feeding bouts per night may be
adjusted to alter the net amount of energy that results from foraging.

Modification of foraging patterns may have a significant impact on the total
energy budget of the gray bat because flight is an energetically costly mode of
locomotion (Thomas, 1985). Minimizing the number or duration of foraging
flights significantly reduces costs of foraging in somne cases (Racey and
Speakman, 1987; -Tuttle, 197.61). Bats may remain quiescent at the roost if a
net energy gain from active foraging is not possible (Anthony et al., 1981;
Audet, 1990).

To achieve a net gain of energy, not only mist gray bats balance costs and
gains of 'foraging behaviors, but they must cope with seasonal abuna of
prey. In nearly all parts of the range of the gray bat, food resources are
seasonally limited. In most temperate regions, abundance of insects peaks
during July, and usually is low in early spring and late sunmmer (Anthony and
Kunz, 1977; Rabinowitz, 1978; Speakman and Racey, 1987). In winter, during
months of low abundance of insects, gray bats reduce energetic costs of
foraging and thermoregulation by hibernating (French, 1992; Kunz, 1974;
Schioener, 1971). During the 6-month period of activity, foraging behaviors may
be adjusted to monthly or nightly fluctuations in abundance and distribution of
prey.

For _M. Srisescens, adjusting foraging patterns to achieve a net gain of energy
may be most critical during gestation and lactation, a 4-month interval of
intense energetic demands. Total respiratory costs increase gradually
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throughout pregnancy and culminate during lactation (Kurta et al., 1989; Racey
and Speakman, 1987; Studier et al., 1973). Throughout gestation and lactation,
variation in energy demands, costs of locomotion, and availability of food
cause changes in the total energy requirents of females. It seem reasonable
to expect that changes in energetic demands associated with reproductive status
will affect foraging patterns of female M. rjsescens. Furthermore,
modifications of foraging patterns should be indicated by variation in patterns
of visitation to roost caves, as well as by changes in patterns of excursions
outside the caves.

The purpose of this study was to record patterns of movemient of female gray
bats throughout their annual period of activity and to determine if these
patterns are affected by repr6ductive status. Specifically, I predicted that
female M. gr4e. n would fly shorter distanoes during lactation than during
the post-lactation period. Also, female M. gris should spend more time
in the maternity cave during pregnancy and lactation than after the young are
weaned and volant. Finally, female L4. gr should spend more time in
non-maternity caves in the post-lactation period than during pregancy or
lactation. Alternatively, the null hypotheses would suggest that these
elements of foraging strategy would not 'be significantly different among the
reproductive stages.

MATERIAIS AND METHODS

Colonies of gray bats selected for this study were located near Guntersville
Reservoir in northeastern Alabama (Fig. 3.1). The reservoir is a 27,479-ha
inpoundment of the Tennessee River, between Nickajack and Guntersville dams,
which was constructed ca. 50 years ago for flood control, commercial
navigation, and generation of 'hydroelectric power. The reservoir provides
water for several growing municipalities as well as seasonal recreation (Thamasaund Best, in press).

Th River system drains the Cumberland Plateau region, in hich
li/meston caves.ate plentifu'l (Tarkington et al., 1965). Although bats ýmay use
mayof the caves in this region, Hambrick and Blowing Wind caves are
particularly important to summer colonies of M. grisescens. Hambrick Cave,
Marshall Co., is used by femle M. iri as a maternity roost (Tuttle,
1975). The cave opens directly onto Guntersville Reservoir, and the interior
floor often is submerged. Portions of the interior are elevated above the
entrance, which prmtes conservation of heat (Tuttle, 1975). Hambrick Cave is
relatively small, but frequently houses ca. 60,000 gray bats (M. K. Hudson, in
lift.). The entrance to Hambrick Cave is protected by a chain-link fenoe
(Brady et al., 1982).

About 45 km upstream from Hambrick Cave, is Blowing Wind Cave, Jackson Co.
From April through September, it primarily is used by a bachelor colony
consisting of ca. 190,000 M. cris (M. K. Hudson, in litt.). Blowing Wind
Cave is located on Wheeler National Wildlife Refuge, ca. 100 m from North Sauta
Creek, a tributary of the Tennessee River. The surrourding area primarily is
forested with oak e and hickory (r) trees. The cave has two large
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entrances that are gated to minimize disturbanre of the bats by humans (Brady
et al., 1982).

Throughout the project, great care was taken to minimize any impact on the
bats. The guidelines of the Gray Bat °Reoovery Team were followed; the
maternity caves were not entered between April and July, trapping was limited
to a small section of the cave entrance, and only a small proportion of the
colony was captured (Brady et al., 1982). Also, trapped bats were released as
soon as possible. Lights and activity at the mouth of the caves were minimized
so as not to influence the emerging or returning bats.

During 1993 (31. April-14 September) and 1994 (9 April-ll September), emerging
M. 91i were caught using a modified harp trap (Tuttle, 1974). Trapping
occurred at Hambrick Cave, except in April 1994, when bats were captured at
Blowing Wind Cave.

Captured bats were identified as juveniles or adults by examining the
vascularization of wrist joints (Anthony, 1988; Barbour and Davis, 1969).
Gender also was determined and all but 10 adult females were released
imidiately. The remaining 10 bats were weighed to the ,nearest 0.5 g with a
Pesola spring scale and external measurements were recorded. Reproductive
status was ascertained visually, Timing of reproductive events was coincident
with previous studies (La Val and La Val, 1980; Meyers, 1964; Saugey, 1978;
Tuittle, 1975). On each bat, an O.8-g radiOtransmitter (model BD-2A with reed
switch, Holchil Systems, Ltd., Ontario, Canada) was attached dorsally as
described by Thomas and Best (in press). Each bat was identified by the last
three digits of the radiofrequency of the transmitter carried by the bat.

In 1993, bats outfitted with radiotransmitters were monitored for 10 nights
early in each month from May to September. A pair of assistants used a
portable radioreceiver (Model TRX-2000S, Wildlife Materials Inc., Carbondale,
IL) and a collapsible 3-element Yagi antenna to receive radiotransmissions. Ihe
antenna was placed about 1.5 rn above the ground to facilitate reception of
radiottansmiss ions. Monitoring was continuous throughout the night beginning
ca. 15 min before sunset and ending ca. 15 min after sunrise. Each frequency
was monitored ca. :1 min in a 10-min cycle. The time and duration of all
atteats to locate radiotransmissions were recorded. When a radiotransmission
was detected, the direction of the strongest signal also was recorded. A bat
located in several consecutive cycles was considered present throughout each
cycle until the last time that frequency was detected. Likewise, failure to
detect a frequency indicated the bat was absent during the 10-min cycle.

In May and June, monitoring took place from only one site at Guntersville
Reservoir. The balcony of the lodge at Guntersville State Park was chosen for
its high elevation (Fig. 3.1). This site was ca. 18 km from the release site
at Hambrick Cave. From this site, a portion of the main body of the reservoir
was monitored.

To determine distances flown by bats with radiotransmitters, two additional
monitoring sites were operative in July, August, and September. Following the
established procedures for monitoring, radiofrequencies were monitored from
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Riverview Campround, Marshall Co., and from the amphitheater of Goose Pond
Colony, Jackson Co. (Fig. 3.1). At each of these sites, research assistants
were situated as close to the shore of the reservoir as possible, with the
widest area of the reservoir in view. Riverview Campground was ca. 6 kn
directly across the reservoir fran the release site. Goose Pond Colony was ca.32 kn fra Hanbric~k Cave. The Site at Goose Pond Colony allowed access not
only to the main body of the reservoir, but to a tributary, North Sauta Creek,
that extends into the mouth of Blowing Wind Cave.

Along with observation from sites near the reservoir, an attempt was made to
collect data on use of maternity and non-maternity caves by L4. gri•_sc . An
automatic datalogging unit was designed to scain the appropriate frequencies and
record presence or absence of radiosignals inside Hambrick (maternity) and
Blowing Wind (non-maternity) caves. Unfortunately, despite repeated repairs
and m•*difications, no reliable data were obtained.; Therefore, no data
rearding freuency of activity in caves were available from 1993.

Fran April to SepteTber 1994, radiotelemetric monitoring was conducted fron
four sites using methods similar to those used in 1993. To maintain uniformity
of data collection, clocks used at all sites were synchronized and the same
pattern of monitoring radiotransmissions was followed at each site.

Two of the sites, Riverview Campground and Guntersville State Park Campground,
allowed observation of activity of bats outside caves (Fig. 3.1). At Riverview
Carpgrmud, monitoring was conducted from the shore of the reservoir, just as
in 1993. However, rather than use the elevated site at the lodge of
Guntersville State Park, monitoring was done at Guntersville State Park
Canpground because that site was close to the reservoir and would allow more
control of elevation on distance of reception. Fran here, potential foraging
areas over the main body of the reservoir were monitored.

One reason for selecting these sites was to determine relative distances
traveled by the bats. Previous studies have used triangulation among multiple
monitoring sites. For the present study, triangulation was impractical for two
reasons. First, the topgraphy, location of roads, and thick forests prevented
access to sites suitable for triangulation. Second, the gray bat is a swift
flyer and will routinely fly many kilometers from roost caves (Kennedy and
Best, 1972; la Val and La Val, 1980; Thomas and Best, in press; Tuttle, 1976a).
If radioreceivers had been clumped for the purpose of triangulation, the chance
of locating even one bat would have been reduced dramatically. Over a clear
area, such as over water, a radiosignal may be received for 20-30 km (Sahley et
al., 1993). Therefore, determining the exact location of the radiotransmitter
fran the receiver is imqpssible without triangulation.

TO estimate distance traveled by the bats, I determined whether a bat was
present within a 5-km radius of the radioreceiver. Before actual monitoring
began, a radiotransmitter -was placed 5 km across the reservoir from Riverview
Capground. Tunli the gain until the signal was barely audible allowed all
radioreceivers to be calibrated to receive only signals originating within the
5-km distance. The process was then repeated at Guntersville State Park
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Campground. I was able to determine when a particular signal was <5 km of the
monitoring site.

Two additional sites, at Hambrick Cave and Blowing Wind Cave, were established
to monitor activity of bats at roosts within the caves (Fig. 3.1). Stationary
Yagi antennas were mounted in each cave and aimed at the roost area. Roost
areas were identified by stained patches on the ceiling with large, fresh piles
of guano beneath. In Hambrick Cave, 133 m of coaxial cable was stretched from
the entrance gate to a location beneath the roost. in Blowing Wind Cave, a
cable reached 260 m from the gate at the upper entrance to an antenna that was
aimed at the main roost. Radioreceivers were plugged into the cable outside
the gates of both caves. Activity in the roosts was monitored nightly
following a schedule identical to that at the other sites.

Along with monitoring of the internal cave area, assistants periodically used
hand-held antennas to listen for radiotransmissions originating from outside
the caves. As soon as a signal fran inside the cave was lost, the external
antenna was activated. The parpose of this external monitoring was two-fold.
First, monitoring outside the entrance helped confirm whether a bat had exited
the cave. This confirmation was necessary as intrusion of rocks and cave
topograhy between the antenna and the transmitter can block radiosignals.
Second, external monitoring helped record activity of bats near Hambrick and
Blowing Wind caves.

For analysis, all times were converted to central standard time. Four
parameters were used to detenine variation in movement patterns as
reproductive status of the bats changed. Percentage of time each radioequipped
bat was heard was determined for each month. The percentage was calculated by
dividing the total number of minutes during the month that a radiofrequency was
received by the total number of minutes spent monitoring during the month, then
multiplying by 100.

Next, the number of trips each radioequipped bat made past each site was
counted and the duration of each trip deterained. A trip began the minute a
signal was located, continued as long as the signa was received in consecutive
cycles of monitoring, and ended the last minue the signal was detected.

Finally, for radioequip:ed bats detected at two or more sites, movement among
sites was assessed. Although gray bats are believed to forage primarily over
water, they also have been observed traveling 'and foraging over land (La Val et
al., 1977; Thcias and Best, in press'; Tuittle, 1975). Thus, it was impossible
to determine the exact routes flown between sites by individual bats. To
determine distanc traveled by a bat between two sites, I measured the
shortest, straight-line distance between two sites.

Location of sites permitted simultaneous detection of a radiofrequency from two
sites (especially from the elevated site at Guntersville State Park Lodge).
Therefore, to confirm that a radioequipped bat actually had traveled between
two sites at which it had been detected, I calculated the minimum expected time
for travel between the two sites. From three reports of rates of flight for M.
grisc , I calculated an average speed of 23.3 km/h (Kennedy and Best, 1972;
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la Val et al., 1977; Tuttle, 1976a). By dividin this average speed into the
minimum distance between two sites, then multiplying by 60, I obtained the
miniiun time (min) epected for travel by a gray bat between those two sites.
If a radiotransmission was detected at two sites only within the min imhu
expected time, I assumed that the radioequipped bat was located between the two
sites and had not actually traveled the minimum distance between sites.

For each of the four variables, movements of bats were compared among months.
In 1993, as two sites were not operational until July, two groups of
comarisons among months were made. In the first group, only data from
Guntersville State Park Lodge were used to determine variation among
May-September. In the second comparison, data froxn the sites at Guntersville
State Park Iixge, Riverview Cawqxru J, and Goose Pond Colony were combined to
determine variation among July-September. Both groups were used to determine
how activity of bats outside caves changed among months. In 1994, three groups
of comparisons among months were made for each of the four variables. The
first group included combined data from Riverview Campground, Guntersville
State Park Ca:grourd, and the vicinity of Hambrick Cave. Second, data fron
inside Hambrick Cave were ocupared among months. Finally, data from inside
Blowing Wind Cave were cxmpared among months.

One-way analysis of variance was used to determine differences among months.
For analysis of percentage of time and number of trips made by bats, samples
included one observation per bat for each site. In cases where individual bats
made multiple trips to a site, each trip was considered in the analyses of
duration of trips And distances flown by bats. In all comparisons, zeros were
entered for bats that were not detected again after release. Several
comparisons were used to analyze data from one site, which could elevate the
probability of observing a significant difference among months by chance.
Thus, significance levels were calculated using the sequential Bonferroni
method (Rice, 1989). A Student-Newman-Keuls a posteriori test for multiple
oamparisons among means was used to identify significantly different subsets of
months (SAS Institute, Inc., 1985).

RESULTS.

During 1993 and 1994, data were obtained from a total of 107 female M.
rs (Table 3.1). Examination of females indicated changes in

reproductive status. Prenancy was not detected by external examination by 2
May. However, the 10 females examined in June 1993, and eight of 10 females
examined in June 1994 showed evidence of lactation. Two of 10 females equipped
with radictrahnaitters in June 1994 were heavily pregnant, as indicated by
greatly distended abdcmens. In July, all females equipped with
radiotransmitters had bare mammae, indicating lactation. In August and
September, post-lactating females were recognized by bare mazmae or new growth
of pelage around manmrae. Bats lacking these features were classified as
non-lactating.

Fron May through September 1993i a total of 53,376 min was spent searching for
radioequipped bats.. Of the 49 bats equipped with radiotransmitters, signals
were received from 31 of them. FroM April through September 1994, a total of
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150,902 Min was spent monitoring radiofrequencies. Transmissions were received
frcmi 53 of 58 bats equipped with radi0transmitters.

For each year, total nuimber of minutes spent attemptixn to locate each bat at
each site was analyzed statistically. In both years there was a significant
difference in the amount of effort devoted to monitoring individual bats (P >
0.001). To stardardize effort of monitoring among bats, minutes of activity of
each bat were determined as a percentage of total minutes spent monitoring from
each site during each month.

In 1993, 21 radioequipped bats were detected at two or nore sitei. The average
distance flown by bats did not differ among months (Table 3.2). There was no
sigrnficant difference among months in percentage of time bats were detected
near Guntersville State Park Lodge (Table 3.3). The number ard duration of
trips made by bats near Guntersville state Park Lodge were not significantly
different among months. Fram July through September 1993, when minutes of
signal reception frcm Riverview Campground, Goose Pond Colony, and Guntersville
State Park lodge were ocrbirn, the percentage of time radioequipped bats were
located near these sites, as well as number and duration of trips made by bats
past these sites, were similar 6imng nonths (Table 3.3).

In 1994, 31 radioequipped bats traveled to two or more sites, The average
distance flown by bats with radiotransmitters was not significantly different
among months (Table 3.2). In 1994, data from inside the maternity cave
(Hambrick Cave) were obtained from a total of 41 radioequipped bats.
statistical analysis showed that average percentage of tine spent by
radicoequipped bats inside the maternity cave was not significantly different
among pxths (Table 3.3). Radioequipped bats made a significantly greater
number of trips into the maternity cave in June than in April and in August (P
= 0.009). Duration of trips made by ,radicequipped bats into the maternity cave
each month were not significantly different among months.

Data frU[ inside Blowing Wind Cave, a non-maternity cave, were obtained from a
total of five radioequipped bats in June, July, and August. No radioequipped
bats were detected inside Bl•ing Wind Cave in April, May, or September. There
were no differenos amon g months in percentage of time, number of trips, or
duration of tripe that radioequipped bats were detected inside Blowing Wind
Cave (Table 3.3).,

The average percentage of time and average number of trips that bats with
radiotransmittei• were located outside caves (i.e., near Guntersville State
Park Cpground, .Hambrick Cave, and Riverview Caý ourd) were not
significantly different among months (Table 3.3). In May, the average duration
of trips near Guntersville State Park Campround, Riverview Caqxjrourv, and
Hambrick Cave was significantly greater than average duration of trips near
these sites in other months (P < 0.001).

When all coaarisons were re-analyzed using Only data from radioequipped bats
that were detected on one or more occasion after release, patterns of movement
of gray bats were" similar, but the magnitude of differences amngmo nths
increased in several cases. When bats with radiotransmitters fram which no
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signals were received were excluded from analysis, distarces fown byradioequipped bats in 1993 were significantly greater in July and AugUSt than
in1 Spte.e (P = 0.006). Also, distance flown by bats in 1994 was
significantly greater in April and July than in other months (.P < 0.001).
Individual tests indicated that number of trips made by radi-oequipped bats near
Guntersville State Park Lodge in 1993 was significantly greater inSepteber
than in all -other minths (F = 0.2, a2 8) b of ,trips a k int t
marty cave in 1994 was lsignificantly grter i May than in pril (P =
0.029). Hcw~ver', e differences w insigficant with P-values calculated
by the sequential Bonferroni method (Rice, 1989).

DISCSS ION

Radidtelemetric monitoring has been used to study many soecies of bats,
especially individuals with large body mass (Audet, i9o9'-O Brigam, 1991;

aar cniqest, nr1991),. This technque is useful particul or batsuch
as Co ifu whn~ei,, ic~h can be ,rad'iotracked nearl~y contintuouly;
usually these bats travel only 1-5' km between roosts and foragring .ar .eas (Clark
et al. , .1993). Hc~eVpr, M. cii ecn may travlt foraging arai5-35 km
frixn the roost Arýi may occupy a hdrie range o >70 km2 ' (La Val et a. 97
Thanias ani ,dBest, in press; ThUttle, 1916a). Thus,ý in stuie of gray bats,
continous radiotelebetric monitoring aid triangulation are difficult. only
two previous attempts have been made to use radiotelemetric techniques to
investig-ate mqvieit patterns of gray bats. In those studies, rate of success
of, detectirg radiotransnissions after bats were released was 50-63% (T. L. Best
and M. K. o, in litt.; 1hczas and Best, in press). In the current stauy,
63% of the-bats equipped in 1993 and 91% of the bats equippe, in i94p
detected atiea'st! one ti'.e = e, release.I Al .ugh considerable effort may
yield only a smija. amount of data, radiotelemetric qniitor'ing of fers a longer
peiod of data collection on individual bats than aking bats with luminescent
capsules (A Val -et al., 1977,; RPacy and swift, 1985). Also, rodioteiie-etrictehniques qir lessr hahdl of individuals ahl dist of colohies

thanbardg ai recpture imethods (Meyer,16; fxte,17)

Attaching aý radiotransmitter to the back of a bat may influence the behavior of
the 'bat. For bats weighin <70:g, a radiotrarisnitter we*Iging -<5% of the body
mass of the bat is believed to hAve a neglicibie effect on maneuverability of
the .bat in flight (Aidridge and Brigham, 1985). Yet, the mass of same
vesp~rtilionid bats may ixcrease by 30% durin pregnancyi, witout peventiforagg. Therefore, weihto added 3 of the bod
mass of the bat (Aldridge and Brigham, 1985).

In my study,. bodmass of bats equipped with radiotransmitters ranged from 7.5
to •4.0 g (X = 10.1 g; Table 3.). Attachment of a o.8-g radiotransmitteýr
repre d<i% of the body weight of the bat. Signals were det•eted ftui 42
of the 107 transmitters >7 days after release of the radioequipped bats. One
bat (191) 74h 7. g was released at fbrick cave on 30 Atugst and uas
located 18 km away at Guntesville state PArk Lodge on 5 May. Thomas and Best
(1994) founi that gray bats were able to fly <75 km when equipped with
radiotranrsitters identical to those used in my study. Thus, it is prcoable



Best et al. -Endangered Gray Bats 118

that addition of radiotransmitters did not, impede foraging movements of thebats.

In 1994, an effort was made to conduct radiotelemetric monitoring in April sothat the beginning of the active period of the gray bats could be observed.Hocever, by 8 April, feW bats had arrived at Hambrick cave from hibernation,and tta a te s fo radiotelemetry was in possib1e. Many bats
ret to Blcw'ng Wind Cave by that time, so ca~pturie, attachment ofa r tters, and release of bats was cobnucted at Bl6ing Wind Cave on 9April.

Evidence frm radiaotelemetric monitoring confirmed that the maternity coiony atHanmrick. Cave had not been established by mid-April. During 9-18 April,activity of radioequipped bats was minimal both inside the maternity cave andnear sites adjac to the r oir (Figs. 3.2 and 3.3). Short averaged•urtion of trips made by dioequpe bats inside the mternity caveiniated Iittl•e- activitý of bts inside Hambricdk Cve (Fig. 3.4).
As radi pped ats were: located near but, sde B ing Wi Cave, rthese

b may haye bee tra1yMir to alternate caves .in the vicinity. Among the two.CAdio qg d bats that were detected, average dist of flights betweensites did not suggest broad excursions (Fig. 3.5). Yet, because no otherradequpped bafý were observed travelling among moniroring site', it isque§tiondble whether this small sample was representative of the aitivities ofthe majority of the colony, In Arkansas a matern I clony of gray bats wassettl ed. bY 1 Apri (Saugey, 1978), other evidence sggests- that female L.9 move f ty.ang ta ti " ces j after leaving
hib atin i early spring (a Val and La Val, 1980; Myers, 1964). In-theOzark re i~on, Myers (1964) docIuented mv. nt of gray bats through 30 April,after which the maternity period began.

For female M-. i dens, reproduction is a period of intense energy investmentto -he develp "in of offspring. TO aliocate more w en to re ti and
biosynthesis, g ats may dy foraging patterns either to assimilate moreenergy or to reduce energy expenditures on •noh-repdctýive activities
(p and Racey,. l985' Studier and O'Farrell, 1980).

Cservations rade in my study suggest that pregnant gry bats combine periodsof foraging and periodi of torp "in mid-rig. ri 30 April-s May 993,aivity of radio.p'. bats detected outside caves was high, yet notdifferent fru otIhr months (Table 3.2, Figs. 3.2, 3.3, and 3.4). Relativelyhigh average er tag. of ti1 that bats were located (,3.8 amin), long avegeduration .of trib-pe (37.9 m'), a low ave e n of trips (i3.4) indicate
that bats spent long periods flying, and probably foraging, near Guntersvile
State Park, Rivervie'Wcampground, and Goose Pond OClony. During 2-11 May 1994,activity of bats outside caves increased from levels of activity observed inApril (Table 3.,2, F, 3.3, and 3.4). Higher average. pr .tage of timeadio bats were det (0.7 min), average number of trips (1.8), andaverage d tion of trips (19. 1 min) suggsted that radioequipped bats were
increasing the length and number of foraging bouts near the localities beingMonitored.
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Similarly, Racey and Swift (1985) reported that pregnant Pipistrellus
pipi us foraged throughout the hight and occasionally flew faither to feed
than lactating individuals. Pregnant oti otis also were observed to spend
a longer time foraging than lactating f&iales, males, or juveniles (Audet,1990).

However, evidence frmi other investigations fails to show extensive foraging.
rxirina MAY,. TRutteý and Stevenson (1977) 6bsexved *that e~ma~le L4~. g riL
often rained inside the maternity cave and only foraged for sbort poriods.
In Sweden, the foraging periods of female Eptesicus nilssonii became shorter as
the date of parturition approached (Rydell, 1993). In my st-udy, average
percentage of tiime radie''i pped bats were located (1. 7 ain) and average numbeir
'of trips (5.2) made by bats iide the maternity cave not ohly increased from
activity observed ther in April but wre niore than' twice levels of activity atit:66 i~ixsjde. ca~e nMy( 0.232- Table .3.2). Alsaraedtnc

fonby bats was small in My (7.;3 kmn; Fig. 3.3). These daita sugs that
raoeuipped bats were s time inside the maternity cave at night in
early May.

Ding pregnancy, decreasing non-reprodLctive costs may be sufficient to
ba c e g sup..elies and d , bause do~t§ of biosynthesis are rate

Sgestaion. Growth of the fetus in M. giser i probeeds slowly until
ba 35 days prior pa ition (Saugey, 1978). air ing slow rates of

devel nt of the fetus, production of tissues requires only a small
proportion of the total metabolic cost (Anthony ad Kunz, 1977; u et al.,
1989; Racey, 1982; Radey ad -Speakman, 1987; Studier et al., 1973).

.rly increasing foragi. du- & 13ring :preu prbbily would not fulfill
energetic needs because efficiency of f raging is lijely to , be poor in May.
Afrklance o ects typically is low in ea.ly spr . c osts of f-igt
ipprease as body mass~ icr ;eases thus efficiency of fo~ragn flights' by
pregnant females is poor (Kunz, 1974; Raoey, 1982; Thomvas, 1980;*thcmas and
uther, 1972; Tuc , 1970). In pregnant oy lucigfugus, foraging flights

may acount for 61% of daily . gy m•-tabolisi (Krt et al., 1989). In early
May, althog abndnc of inset may hav bee i .,itslikel y that,
raneuveraility of -the bats in flight had not `y6`t decre'asect significantly.
Er egnncy- was not visibly evident inh bats captur~e at ths time, aid body massof bat . u in May 1994 was not signi'fi y different fromin mses 'of
bats capturIe in April 1994 (April, _X =9.3 g; May, 4 = 9.6 g; • = 17,
t.-Value = 1.73, p> 0.05; Table 3.1). Thus, mass of the fetus may not have
caused signficant incease in the mass of the mother by this date. These data
show that durinýg gestation, f. es were periodically M forays from the
matenity cave, -but bats also: were raining Is ide the matenitycave,

p~tablyto COnserve, energy durinig per~iods o hetrteiy

Rhile heterotherry may allow: bats to balance energetic costs during pregnancy,
-field s•tuies show little evidence that lactating bats habitually ocupensate
energetic costs by t (Racey, 1982; Tuttle, 1975, 1976b). Research
on food habits of lactating maimis inluding bats idicates that consumption
of food is greatest during lactation (Hanwell and Peaker, 1977; Kunz, 1974;
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Migula, 1969). Lactating Etesicus foraged almost twice as long aspregnant and pos-lactating bats (Brigham, 1989). Likewise, _M. r isexpetd to ir=reas foraging activity during June and July to su rt high
energetic cxsots of lactation.

Results of this study do not indicate an increase in foraging activities duringlactation. Hawever, activity of radioequipped bats outside caves decreased
franMay to Jiure (Table 3,2, Figs. 3.2, 3.3, and 3.4). In June, averagege of t r• o b were detected (0i,4 mm), As wll as
avege n (2.-6) aid average duration of tip (7.3 m) outide caves

e fran leyels recorded in May (P = 0.820, Table 3.2). In 1994,
activity of bats near Riverview, Guntersville State Park CnPýr P., and
Hari-ck Cave also was less in June than in May, although tlhese differences arenot significant. Dif ferendes in activity of bats betee May and June mayreflecit influences of ýial samples, or differ;nces among individual bats.
It is .pbssible that rdoe'up~ bats hhad :not beu forain extenivel in
•early June. o f the bats on 2 June wer phant (Tý1e 3. i). Ata 1 prcuar lcltarrtinisycvnous over ca. 2 weeks (S;augey,
1978; Tuttle, 1975). ThUs, for lactating bats, parturition had our olyrecently.

During lactation, energetic demands are intense due to production of milk andmaintenance of inanwnary glands (Hanwell ahd Peaker, 1977; Rac.yand Speakmian,1987). Yet, st ascated with lactation are lowest after patturin
peak: prior 'to AM'ni (;c is` Speak i 197) (nO laoatr adis, tht

su~iie atton .into early* jand late periods, evidenice suggests thatEmvj4 i yj• es and _M. luciucus enter torpor just af pa tion, whimayallowi great allocation of maternal energy t production of milk (Studier
eta~ , 1973). Tuttle's (1975) observations of thermoibgUlation in lactatingL4. ris ourrd on 11-12 July (just .6 days before some young were ableto fly), whidih dokild be coIsidere late in the period of lactAtion. Thus, theenergptic ive rients of lacta - bats may be different diatly follaw~ix
pa•rtrition t late durg lactatlon.
Early in the period of lactation, 1M. grisce may be foging only

in-'' ttently ad snding muc of the renaining time each night inhe1txrtkM=y inside the maternity cave. The average perentage of tineradjoeuipped _4. i were detiecu di& dneide Hamerick 0ave in June was 30X
t tn th a ge pe ge of time bats were o outside t cave (P

= 0.232, Table 3.?2 Fig. 3.2). In July, later in the period of lactation,radiequipe bat were det4cted for a smaller average percentage of time .(0.7,rain) ifsidi the maternity cave (be 3.-2).

In 1993, radioequipped bats were detected for an average percentage of 3.0 minoutside caves in July whereas in June bats were detected an average percentageof 0.;4 mIn outside caves (Table 3 .2). Average nimber and duration of tripsmade b ats o ide caves in July were greater than trips made outside caves
in Ju (P = 0.10, P 0. 114, respectively). In 1994, activity of bats
outside caves did not increase in July, but activity of radioequipped bats
detected in Blowing Wind Cave was greater in July than in other rronths (-Figs.
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3.2i 3.3, and 3.4). Althouah none of the differences in activity of bats
betwen June and July was significant, these data may suggest that lactating
gray bats spent more time inside the maternity cave at the onset of lactation
than later in the period of iactation.

Greater activity of females inside than outside the maternity cave also may be
related to maternal behavior; the mother must periodically fly back to the
r982; to provide milk aid warTth to her young (nthony and kunk, 1977; Racey,198y; a1985; et al., 1973; Swift, 1980). The numtbei of
trip made by r oadiequipped gray bats into Hambrick Cave is significantly
greater in June than in other months (,P = 0.009), while average duratich of
these trips is short (6.2 mrin). i .s sugge that radioequipped bats made
freque, brief trips the ma ty cave, which is consistent with the
re~quirinti to periodically nurse the young.

Repeated returns to the maternity cave potentially increase the cost- of
locanotion for lactating females. Foraging in areas near maternity caves couldcoý ee e al ted to foragi flights. However, nbot yes the
average stan flown by N- .i during lactation di'd 6 eemto
suppot my prediction. In June 1993, one-half of the radioeqUipjed bats were
detected at Guntersville State Park Lodge (17.6 km f t m n cave),
and average distance flown by radioequipped bats was greater in July than other
inths (= 0.-467,; 7Tabe 3.3)-. A. similar pattern w;s seen in 1994; the
distances flown by radiequipped bats in June and July were greater than
average distances flown in other months (P = 0.057; Table 3.3).

This evidence could be affected by the number or location of sites from which
monitoring occurred. Yet, in several other studies, it is unclear if iactztng
bats Chose foraging sites primarily for the conservation of energy. In certain
areas, lactatm- P. pipjis lus foraged in areas closer to the roost than
prenant bats. H ee, in t same study, P. pipistrellus feeding in other
habitýats foraged the same di'stance frcmn the cave duing prgac a-nd lactation
(Racey and Swift., 1985). Barclay (1989) pipobed that"Lasiu e did
not forage c loer , roosts during lactation than dUrig .pregnancy or
post-lactation because the bats can fly rapi.dly, therb redcin enretiad
temporal costs of seecig isatoaging sIt'd.. lrhrrr, sisc.
generally are abun• at in June and July, bats often are selcive forhigh-eneg fodimoEdrn tee nths (Anthony ANd Kunz,. 1977; La Val and
La val, 1980; Rabinoitz, 1978). Thus, bats may increase gains from foraging
by traveling to areas where qlality or abundanoe of insects is high rat than

Orducin .forgi csts ,by remainin the proximity of the mate nity roost
(Anthony and Kunz, 1977; Racey and Swift, 1985; Swift, 1980).

lactation ends in early .August, by which time most juvenile M. grisescens are
."fully weaned (La Val and La Val, 19.80; Meyers, 1964, XTittlle, i976ý, 1976b;
Saugey, 1978). As yourg became independent, adult female M. grisescens often
expana duration and distance of forays; fidelity of female gray bats to the
maternity roost declines in August (La Val and La Val, 1980; Meyers, 1964;
Tuttle, 1976a). Increased roaming of adult female gray bats may be related to
mating or forag in behavior. Additionally, others have sugested that adult
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females leave the maternity cave soon after weaning to prevent ccmpetition with
juveniles for food near the cave (Kunz, 1974; Racey, 1982.).

Contrary tO my prediction, female _M. gris ns do not seem to fly .greater
dista s -in Agust and Septime than in other months. In fact, average
d~ist*ahcy-3sj fid c by radioeczyippal bats were shorter in August adSeptember than
-in the 'period of l~actation (P' =0.467 in 1993, Pý = 0.57 in 1994; -Thble 3,3).-
H vr •it is difficult. t d vaiation in distace fln by b
usirq radiotelenetric monitorinr at fixed sites as only flights eeen
innitoring sites can be anaiyzed.

Aictivity of radoqin bats inside the maternity caveiwas less in August
than in the pvidus 3 #*0*tt, athugh these differences were n•t signif ic~nt(Figs. 3.2, 3.3i, aid 3,4). This nay s est that females Wke l loYal to
the *itexniy root in, Au t cwiever 6v~rg duratioh of tbime te-uent by
radloequipped bats inside the maternity caews more thnegttslongrki
in September than in Auust ( 0.145; Table 3.2).. whi, e adiut femes, may
havp retuný to ambrick Cve. for another reason, it is possible that -he bats
equipped with radiotrasnitters in Stber were ot adults but .were young ofthe year-. females often enter hibernation in early September, before
il or juve.l-, "many of the adult females may have leftEHanbrickk Cýve(Elde and unr,1.978; Ewin - t -.1 19570; Tuttk, l96) sesn g f
bat by examining~ vascularization of the wrist jbnt isbl6otil until
lte A s becaus epiphyes dise at ca. 3 months of age (An.tfny, 1988;K<unz, 1974; Sa~ugey, 1978.).

More actiVity of female gray bat inside a non-maternity pave (Blowing Wind
Cave) was not ctserved in the period of, po-lactation. Only one radioequipped
bat .was detected inside.Blowing Wind Cav6 in August, and 4none was detected
there in While foema gray bats withritn tt did not seemtosp 6'ui tm in-side Bloidkng Wind Cave, it 5 psi-ble- that the bats

inceaeduse :of other ýnon-matrnt caves in the area. Tuttle (ý19764) n6tld*
tha thehae arg o 1. may. include, up to six caves-. Several
studies show t -hatray bats visit caves ot her than their primary roost,
p icularly before enering",hiberntion (Meyers, -1964; ThaMas ahd Best, in

CDNCJSIONS

ventpa ternsof eoequi changed throuehout the
.period of activity from April through September. Although saxples were small
in proportion to the size of the colony, movement patterns of radioequipped M.
,triss should. be consistent with ovemnent pattens of other gray bats
because saMples were taken tarxiacsly.

No'ned of the three prediction wer support- eedi by dlata. FPnae gra y bats dlid niotfly s t~er~ ~s~t dr the period of lactation than after lcatipn.
(Xp :ared with perioods of prsynancy and lactation, gray bats spent less .time In
the maternity cave, ix iately after lactation. However, use of the maternity
,cave by female bats increased later in September. Finally, no increase in .the
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time spent by adult females inside Blowing Wind Cave was observed after young
were weaned.

Caution must be used when interpreting these data for several reasons. Only
two cavarisons irndicated a statiftickly significant difference among months;
other variations among months werie too snail to indicate a difference in
behavior of the bats,. Also, source of variation, such as variation arcin
iridividual. baits and -variation among nihtdi abardanc of prey or teiprtureý
may have af f ;ctpd the foraging jaýttns .of the bats.

When performing radiotelemetric monitoring fran fixed sites, the probability of
receiving radifo-ransissions ma y .qhange if average distance flown by
radioeuped bats es. Thust, in s cases, average percentage of tine
bats were detected: outside caves may underestimate actual activity of bats
cutside caves. Likewise, average dis-flown by bats may be trnderthimated
if bats flew to localitier; fartert apart than iroratoering st

F~tre tixiesareneeed hatat~oytechniu4e.5 apakbie of a4gufIng more -data.
fr an iniidual bt.Perhaps radioteilenntric nnraitoran .from laow-;flyiing
aircr•aft or *froi satellites ti be used to increase amount of 'tim each bat
,is detected. In additi~on,, radiotransmitters capable, of tasitn
hysiogical informtion (e.g., bodý t -.atu) culd p ers

of the influeinc of factors su as heterothermy on the eng budget of
freeý-rangqing haitis.
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Table 3.1.--ate of release of eray bats (Myotis grisescens) used for
radiotelemetiic Donitoriix• at Gnrville Reservoir, Alabama, 1993-1994. Also
list•d f • of iadi mtter, reproductive condition, a ms,
arlast dat radiosignal was recei . Radiotanmmtters were attached to
býs at B i W6 (indicated b asterisks) an Hambrick caves.

Frequency (Mhz) Reproductive Last day
Date of release of transmitter condition mass (g) located

29 April 1993

2 June 1993

6 July 1993

172 .038
172.-.088
172.130
172.148
172.191
1-72.228
172.278
172.451172.480

172.332
172.468
172.:562
172.601
172. 643
172.702
172.783
1-72.862
172.907
172.953

172.500
172 .531
172 4 582
1722.624

172.680
172.742
172. 822
172.882
1721.969

172.023
172. 180
172.313
172.441
172.519
172.722
172.761
172.802

no
no
no
no
no
no
no
no
no

sign
sign

Slgn
sign
sign
signsign
sign

of
of
of
of
of
of
of
of
of

pregnancy
pregnancy

pregnancypregnanc

pregnancy
pregnancypregnancy
pregnancy

pregnant
pregnant
pregnant
pregnant
pregnant
pregnant
pregnant

pregnant
pregnant

lactating
lactating
lactating
lactating
lactati,
lactating
lactating
lactating
lactating
lac~tat iing

8.5
9.5

10.5
10.0
7.5
77.5

10.0
9.5
9.5

12.0
12.0
12.5
1-2 .0

12-.0
12.0
1t2.5

12.0

12.5

10.0
10.0
9.5
9.5
9.0
9.0
9.5
9.0

8.5
10.0

9.0
8.0
9.0
9.0iOi5

10.0

10.5
11.0

29
29
66,
5

29
°29

6
7

9
.9
5
2
2
2
2

4
11

5

13
6
6

12
6

11

8
8

13

11

9
1-2

12
4

4

April
April
My

May

April
April
May
May

June

June
June
June
June
Jdune
June
JuneJune

July
July

July
JulyJuly
J-uly
July
July

August,
August

August
August
August
August

4 August 19Y3 post-lactating
post-lactating
Po st-lactaing
post-lactating
post-lactating
post-lactating
post-lactating
post-lactating
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Table 3.1.- -Continued.

3 Sepbmber 1993

9 April 1994

2 May 1994

2 June 1994

6 July 1994

172.843
172.933

172.044
172. 083
172.120172.210o

172.273
172. 330
172.370
172.461
172. 502
172.542

173.021*
173.041*
173.062*
173. 101*
173.383*
173. 399*
173.4•31*
173. 452*

172.1142
172.232
172.293
172.350
172. 412
1-7ý., 482
172 .769

172.831
172. 910
172 .'977

173. oo0
173.060
173.119
173,. 189
173.391
173.479
173.603
173.750
173.862
173.920

173.019
173.080
173.150
173.339

post-lactating
post-lactating

no
no
no
no
no
no
no
no
no
no

no

no

no
no
no
no

8.0
9.5

sign
sign
sign
sign
sign
sign
sign
sign
sign

sign
si~gn
sign
sign
signsign
sign
sign

si~gn

of
of
of
of
of
of
of
of
of
of

lactation
lacta.tion
lactation
lactation
lactation
lactation
lactation
lactation
lactation
lactation

no sign
no sign
no sign
no sign
no sign
no sign
no sign
no sign
no sign
no sign

of
of
of
ofof

of
of
of

of
of
of
of
of
of
of
of
of
of

4 August
13 August

pregnancy
preWnancy

pregnanCy

pregnancy
pregnancy
pre _xiy

p1Tnanc:

pregnancy

pregnancy
Pregnancy

pregnancy
pregnancy
pregnancy
pregnancy
pregnancy
pregnancy

prenac

11.0
14.0
10.0
11.5

12.5
12.0
11.0
12.5
12 .0
11.5

9.0
8.5

9.5
10.0
10.0

9.5
8.5
9.5

10.0
8.5
9.0

10.0
10.0

9.5
10.0
9.0
9.5

9.5
9.5

9.5

1.2.5

10.0
12.0

10.0
9.5
9.5
9.0

9.5
10.0
10.5

9.0

;8 A-Pril
10 April

9 April
10 April
12 April
18 April
10 April

3 Septýr
4 Septairer

10 -epteaber
i2 Septýe
9 Septeniber,
3 Septener
11 s.pt.

8 September

10September

2 May

11 .May

11 May

3 May

lactating
lactating
lactating
pregnant
lactating
pregnant
lactating
lactating
lactating
lactating

lactating
lactating
lactating
lactating

7
7

10
8

10
3
6

11
6

9
14
12
14

Jun
June

June
June
June
June
JuneJun
Jun

July
July

July
July
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Table 3.1. -- Continued.

3 August 1994

1 September 1994

173,428
173.502
173.640
173.801
173.881
17'3940

172.231
172.273
172.313
172.350
172.392
172.789
172.809
172.869
172.929
172.959

172.212
172.250
172.;292
172. 2
172.370
172 .5,71
172ý 600
172.629
172.658
172.679

post-lactating
post-lactating

-ost-lactating
post-lactating
post-lactatinr
post-lactating
post-lactating
post-lactating
post-lactating
post-lactating

lactating
lactating
lactating
lactating
lactating
lactating

8.0
9.0
8.5
9.5
9.0

10.5

9.0
9.0
9.5
8.5
9.5
9.0
8.5S

9.0
8.5
9.5

11.5
11.511.0
10.5
12.0
11.5
11.0
11.5
10.5
11i.0

13 July
10 July

13 July
7 July

13 July

12 August
9 August
5 August

5 August
4 August
4 August
3 August
3 August

no
no
no
no
no
no
no
no
no

sign
sign
sign
sign
sign
sign

sign
sign
sign

of
of
of
of
of
of
of
of
of
of

lactation
lactation
lactation
lactation
lactation
lactation
lactation
lactation
lactation
lactation

6
11
Ii
6

10
4

10
10
2
2

September
September
Septar
Sept&ber
September
Septarber

September
Septebber
September
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Table 3.2. -Average ai stamiard deviation of e a of time. Of
, durtion of • for, which. fmale g bats (Myotis gre )
io ait 2iýU E- g rJs3-994; s

(d. f. ), F-values, ai P-alues from e-way analysis of variano are listed.

Percntae urtion of
Site of time of trips trips (mri)
(y'ear) Month X (Lp) x (SD) -X (P)

G(ntersville
State 'Park Lodge
(1993)

F-value
P-value

May
June
July

jiust

Guntersville State
Park Lodge, Riverview
Canwxgrrd, andi Goose
Peud Oolorry (1993)
dýf.
f-Value
P--value

Hambrick Cave
(1994)

_F-value
jp-value

B1Qcwu Wind Cave
(1994)

F-value
P-value

July
August
September

April
MAy
June
July
August
Septimaber

April
May
June
July
August
September

3.8(10.7)
0.4( 1.2)
3.0( 8.2)
1.9( 3.0)
4.2(10.5)
4,48
0.38
0.820

77( 5.7)
O.7( 1.9)
1.8( 6.2)
2,89
0.49
0.617

ý0.( 0.-2)
1.7( 2.4)
0.9( 0.6)
0.7( 0.8)
0.2( 0.4)
l.5( 3.1)
5,57
1.42
041232

0.0
0.0
0.1( 0.2)
0.2( 0.3)
0.0
0.0
5,59
2.04
O. 088

3.4( 6.5)
2.6( 3.7)
5,3( 5.7)
4#8( 5.7)

12. 1 (14.8)
4,48
2.06

0 *.10

3.1( 6.6)
2.1( 3.9)
5.6(10.3)
2,89
1.78
0.175

0.3( 0.5)
5.2( 7.8)
8.4( 44)
5.2( 4.7)
2.3( 3.1)
3.7( 2.8)
5,57
3.43
0.: 0 0 9 a

37.9 (57.7)
7.3'(15.2)

25.6(65.3)
19. 1(28.9)
20.8(47.8)
4,301
1.88
0.114

25.2(55.6)
15.0(26.2)
19-9 (44. 4)
2,338
1.07
0. 344

5.5(15.2)
18.3(34.9)
6.2( 9.2)7.3 (11. 4)
3.8:(10.6)

24.5(99.4)
5,2.70
1.66
0.-145

0.0
0.0
2.9( 9.3)
6.5(11,8)
0.1( 0.3)
0.0
5,.,34
1.47
0.245

0.0
0.0
06.2
0.7(
0.1(
0.0
5,59

2.17
0.07

0.6)
1.3)
0.3)
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Table 3.2.--ontinued

132

Guntersville State
Park Canpgro ,
Rivervew iampgrouai,
ani vicinity of
Hambrick Cave
(1994)
d.f.
F-value
j-value

April
May
June
Jully
August
SepaTeher

0..0( 0.1)
P.7( 31
0.0( 0.1)
0.o( 0.1)
0.1( 0.2)

5,173
1.32
0.257

i..... 5.5)
0.7( 1.3)
0.6( 1.2)
0.6( 1.4)
1.1( 2.2)
5,173
0.94
0.455

;.8( 4.o)
191, 1(49. 0)
1.7( 4.2)
1.0( 2.3)
2.4( 5.9)
3.9(10.6)
5,284
7.04

<0.00ia4

asignificant based on sequential Bonfer-roni minimum table-wide significance
level set at 0.0100 for a table of five tests.
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Tblee 3I3.,--Avyera and standa_ deviation of disn flown b femalebats (Myotis grsscens) _ sites at Guntersviii gervoir, Alabama,
.1993-1994;.de e of freedam (d. f.), F-values, and ",-.vauesj fran o•_•-analysis of variance are prvkided.

Dist•n
flown (km) Results of ogne-ay ANOVA

Year Month X '(sD) d f. F-value P-alue

1993 July1.(79
August 14.o( 7.9)
September 32.4( 4.5)

5,74 0.77 0.467
1994 April 7.7(13.5)

May 7.3( 6.28)
June 8.l( 75
July 14.3 (14; 9)

,185.2( 1. 7)
5.,i18 2.22 0.057
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Fig. 3.1. -Sites at Guntersville Reservoir, Alabama, where radiotelemetric
monitiring of female gray bats (Mtotook place in 1993 arid 1994:
1) Gutersville State Park (lodge and m); 2) Goose Pord Colony; 3)
Rivervie Cmqxpn d; 4) Bowing Wind Cave; 5) Hanbrick Cave.
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10 km
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Fig. 3.2. -- Average percentaqe of time that ferale gray bats a isj gkjgg )were detect at amtersvile Reservoir, Alabama, 1993-1994.
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Fig. 3.3. -Average mmiber of trips taken by radioequip gray bats (Mvots=is ) at Guntersville ReservOir, Alabama, 1993-1994.
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Fig. 3.4. -Average duration of trips made by gray bats (MT gr qi) at
Gutrxsville Reservoir, A1Ibam, 1993-1994.
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Fig. 3.5. -Distances flown by gray bats (Myotis grisescehs) amng sites at
GxTtersille Reseroir, Alabama, 1993-1994.
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IV. NIGhfMMlOVEE~r PATTEZS OF FI4VAI ENDANGERED GRAY BA'E

(MYoTIS GRISESCENS) AT GUWT06LLE RESERVOIR, AaAMA

AMy B. Goebel

Department of Zoology and Wildlife Science, 331 Funcress Hall,

. University, AL 36849-5414

A.-Tqhe hpur of this research was to use radiotelenetry toinvestigate nightly movements associated with f;oragix by fe lr ay bats,
( ~gri .. n) near Guntersvile Reservoir in northpeastern Xlabam..

Gray bats were detc at the same sites and time periods more often than
expdcted by chanoe; of 14-1 bats equipped with radiotrans-dtters, 45 were
located at the same site and at nearly the same time (within <60 min)
duCbr at lea.t 50ý% of the nights they were detected. Results of this

stdysuprtprviu f 'ird s thtscre individual gry bats revisith
samefog iteat a te same tnie of nights. Forgig e t
receive ci-ncentxa e, 'ated use may represent core airas within the
home range of irdividual gray bats. No evidence of territorial defense
was . bseveA.

INTRO MCYION

TheordLnry activities Of animas uually are carried out in a limited area,
or he . The he ange oten is desibed as the stace rvele b heanxhirl while prAt-ir-r, rearin.g young, aril foragin FE~t 93 au~ ta.
1985). Foraging activities may be particularly important iin establishing size
of the harne range, as the an-imal mxst find~ enough- food' to satisfy energetic
nbs (Jewell, 1966; McNab, 1963). site and location of the he range may
also be .influebced byý speificiti of habitat requirements of the :ani -.

bitatI requiree'n-ts of the.,r.y bt (M.ot i ) limit the ips ýt6
Part ofS the i sothasen UntdState that pruid suitale roost caves and
•ripa~rian rforaging e (r et al, 1982). Gray bats exhibit strong

~il~ary o ~mmr ndwinter hcre ranges, both throughout a- season and fram
-to y-ear ( te, 1976). RexiV'ry of. jande gray bats indicates that a

oolony may rane :up to 70 km al6ng a riVer or reservoir (Brady et al., 1982;
Tuttle, 1-976). -t .hae range of an individual gray bat is 15-35 km in length
(2ý4 .an-66m a Best, -in prpsp; Tuttle, 1976). Gray bat's, esoeially
Jutvenile, il make 1 oasocr-asional distatfry not, associated, wi~th midgratoryrees ( .asad.Bes, n press; Tuttle, 1976). However, t4ese
exploratory travels should not be included in the size of the home range (Burt,
1943).

While the size of the hare range of the gray bat has been estimated, little is
kuin about the activities of gray bats inside the hame range. Within the
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range of M. 9risescens, distribution of food (nocturnal flying insects) is
heterogencus in time and space. Thus, the entire hane range is not uniformly
exploited by gray bats (Rabinowitz, 1978). To obtain sufficient energy
resoces, gray bats are believed to select foraging areas that provide
abundant prey (Rabinowitz, 1978). It is not kncon if individual bats
repeatedly select the same forging areas within the hce range.

For other animals, areas of repeated use, called core areas, have been
identified w•ithinthe hcme range.- Core areas often are situatad close to
roosts and dependable food sanrces (Samuel et al., 1985). Exploitation of core
areas'may be related to the patchiness of resources (Schoener, 1971). It is
unclear whether individual gray bats regularly use core -reas within a hcme
range.

The purpose of this study was to use radiotelemetry 'to investigate m evts
associated With foraging of female gray bats near, Gutersville Reservoir inýnortheastom Alabama. I a t to determine whether gray bats were detected
at sites and time periods more often than expected by chance.

MATERIALS AND METWODS

Colonies of L, gr-i ns selected for this study were located nearý
Guntersville R*eservir in r rtheast Alab-am (Fig. 4.1). •Io caves near ther roir, Hambrick and Bin Wiind caves, are crucial roosts for gray bats.
The many ecologically diverse habitats suported by the reservoir provide
foraging areas for gray bats (Tennessee Valley Authority, in litt.).

O~r-iM 1993 (31 April-14 September) and 1994 (9 April-11 September), 107 adult
f9Wl 5~ were captured -and' equipped with radiotransmit~ters as

dcb previously (Chapter I; Thas and Best, in press). Individcu bats
were identified by the last three digits of the ffrquency of the
radiot'ransmitt-r attached to the bat. Teams of research assistants monitored
trnmtter frequencies from up to five sites along the reservoir, as described
(C2• Itdr I.Each frequency was observed for ca. -1 min 'every 10 mrinm throughout
,the night.

Data obtained frcn Guntersville State Park (loge and carpgrourd), RiverviewCampground, Hamrbri .ck ;(Cve, BIlow"n Wind Cave, and Gooeox Cooy Were
included (Fig. 4.2). Effort of monitoring was similar tfran these sites, thus
the chance of detecting individual bats fram each site was similar.

My analysis also included data recorded during a similar study corducted
1991-1992 in which 34 female L. ;r ' were eguiped with radiotrans•itters
(Thcmnas and Best, in press). Te method of monitoruin was similar to the
procure followed in 1993 and 1994. Hcgwver, in 1991, locations of monitoring
sites were changed frequently and effort of monitoring individual
radiofrequencies differed (P = 0. 044--qhc'nas and Best, in press). Because
effort of monitoring was different among bats and among sites, the chanoe of
detecting individual bats at each site was different. Thus, data obtained in
1991 were camitted fran this analysis.
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Data obtained in 1992 frxn Guntersville State Park Campground, Brown's Creekr I, Hanibrick Cave, Blowing Wind Cave, and Nickajack Cave (Fig. 4.3)
were included in this analysis because number of hours spent monitoring from
thesesites was similar. Sites from which monitoring was intermittent were
exclud ed from this analysis as the charce of detec q" bats at each site was
diffe rent-.

For analysis, all times were converted to central standard time. Radiosignals
det&ectd at two of more sites were used to detemine if each bat visited one
site .more often than e c . As bats released fran Hambrick and Blowing Wirni
caves _were detected at each site, I as §d that all sites were available toeach bat. ecaue effort of mntoring was similar at all sites, detection of
a bat was possible at each site. For each bat, a Ctii-square_ godness-of-f it
test was calcmlated to determine if sites visited by the bat were visited with
similar frequency.

A Chii-s r- test of independe was performed on hservations for each bat to
det if a bat was detected more often than expec•ted at a site and during atI eod.1The hdUrs of ndn-toring were divided into a :first (1830-0000 h)

a.d a (0001-00 h ti period. A contie table was onstrut-
for each bat using vaiables of it a tsi peri od Only sites atwich the

bat as etected we6re considered. in in-stances whr6bservaton formed a
two-by-t- tai)le and cell f reqencies wr s l (<15), a Fisher's exact -.test
was performed instead of a Ciu-square test (Steel and Torrie, 1980). To avoid
ccmmitting a lype 1 error, Bonferroni table-wide significande levels were
calculated by dividing the k-value by the number of individuals tested (Rice,1989).

Of 141 female M. gris equipped with radiotransnitters, 102 were detected
on at. least on oasi afe release. For 45 irdividuals, the radiofequency
was iloated at the same site and at nearly .the sam time (within <60 min)

uing at least 50% of the da4ys it was detected (T~able 4.1). Eight bats4 were
detected, t the same site d more tha one period of <60 m .on dt lea•t

50% f ýthe -day's* 'eac~h bat was; deeced ifty' percet -of tedays' that. ba 293
wasdettd, i:t ws located a riCave at -nearly the same ti .. The
same bat was detet. at, Riverview Camýg rd between 1930-20' 0 h during 10
:days that monitoring omird.

FortY-sdven bats We.e located at two or -more sites. Using the Bonferroni
table-wide signi-ficarp'e level of P < 0. 0011, only 11 bats were located- at one

siemore often than eqýected ý(Table 4.2). Of te11 bats, seven Were! detecte
most freqently at Guntersville State Park, two inside Hanbrick Cave, and two
at Riverview Caxpgrourx.

The test of independence sh1ed that five bats with radiotransmritters were
detected mre t (_P 0.0011) at the same site and during the same
pe iod duripg the 'night more often than expected by hance_ (Table 4.-2). Of

bats, no two iividuals were detected at the same site and during the
same time period., For bat 769, 48% of the' observations occurred from



Bet al.ýE-angered Gray Bats 142

Guntersville State Park during the first time period (1830-0000 h).
Fifty-four percenýt of detections of bat 293 occurred at Riverview Can•pgrourx
during the first time period. Sixty-four percent of observations of bat 370
were from within Hambrick Cave during the first time period. Bat 502 was
located 60% of the time fran Riverview Cwpgrcurv during the second time period
(001-0530 h). t 210 eq tly fran two sites; 36% of
observations ccpurred frum Gu ille State Park during the first time
period, while 35% of observations occurred frat Riverview Owpgrourw durirn the
secori time period.

DISCUSSION

T ques of radiotelenetry can be used to gather much information about
species such as-the ozark big-eaed• bat ( no•b!L'-LtA n ii), which travelshort distances frown rxosts to foraging r (Clark et al., 9 1993). Hc.evf ,
as gray bats. often travel 20-35 kin from the roost cave each night, smallam6dnts of data can be obtained with considerable effort in radiotelemetric
tracking. Because the number of observations are smwall for some imividuals in
this study, results are interpreted with caution.

Results of the Chi-square goodness-of-fit tests indicate that sone bats visited
one of the sites nwre often than expected by dhanoe. Sites visited more often
than others may represent core areas for thLes individuals. Hambrick Cave., the
matenrnity cave frtn which these bats were captured, was expected to be a core
area. In two instances, bats visited Hanbrick Cave more often than any othersite. However, because monitorin* occurred during hours bats were e to
be foraging, feuenq-Ky of visits, to the cave during the niight- probably does not
represent acbial use of the maternity cave.

Nine of the bats visited the area near Guntersville State Park nrore often than
expectd. This area is likely to contain many foraging areas that are suitable
for the gray bat. It also is located between the maternity and, bachelor caves.
Thus, Ithe aea near. Gunt ille State Park may represent a core area for gray
bats. The area near Riverview ground also contains suitable foraing areas
for gray bats; bats were observed foraging near s•irity lights on docks and
piers.

The tests of indepedence indicated that a few bats visited the same sites at
nearly the same period during the night. This suggests that some bats maintain
a foraging rwte night after night. Several species of bats have been observed
returning to the same foraging location at about the same tine of night.
Northern bats (Eptic nilson) in Sweden exhibited fidelity to foraging
areas throughout 3 months (Rydell, 1986). Each E. nilsso used several 10-r2

foraging areas pe night, and bats often returned to the same sites several
times each night (Rydell, 1986). During a period of 2 weeks, acey and Swift
(1985) observed indiividual. Pipistrellus pipistrellus returning to the same
foraging sites at nearly the sane i of night. Furthermore, the same
foraging areas were visited successively by different individuals (Racey and
Swift, 1985). Gray bats shwed fidelity to foraging areas, and would revisit
sites that were previously ocVupied by other gray bats (Thomas and Best, in
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press). As these foraging areas often are revisited throughout the night or on
successive nights, they may represent core areas for individual bats.

Maintaining core areas may be enerý_ically advantageous for the gray bat.
Core areas in which bats forage are likely chosen for high abundance of insects
(RabiTOWitz, 1978). Seardiing for food is energetically and temporally costly
(Norberg, 1977; Schoener, 1971). Thus, bats may reglarly visit sites thatprevi Usly have been s ful foraging areas to reduce tfie spent
for prey, Likew , if foraging at a site has been poor, the bat
should discxntinue visiting t sit. (Pyke, 1984). ReV iting a Successful
site may increase chances that current foraging efforts will be sucoessful.

Observations of aggression in bats at regularly visited foraging sites may
indicate that bats sonetimres are territorial. Territoriality occurs when an
area within the hcme range is defended by the animal (Davies- aid Houston,
1984). Hawaiiah hoary bats (lasiurus cinereus appear) .ed to defend
individual, circular pýat bf flight while foraging under street laý-s
(Bdlwc6od and Fetni984). Mhen another bait intrued in an establish6&
cirtviit, the foraguig bat scm~tnnTres emitted an aud~ible agoiti call and
chased the intruder away. Aggressive chases and audible vocalizations among
forag9irq bats were observed in Eý. nilsson~i (Rydell, 1986) and inMy
daube-itoani (wallin, 1961).

Defense of particular foraging sites would be advantageous when insect prey is
not abundant. Territoriality may prevent depletion of prey by a competitor,yet defense of the territor re'u s time a energy that c d t ise be
spent foragi (••r, 1971). The ad ge of defe a foraging

itoy is reaued when prey is either s4perb at or extremely lw (Davies
and Houston, 1984).

Evidenoe suggests that territorial behavior occurs when the density of prey is
low. Reduction of aggressive interactions among foraging L. nilssoni in Judly
may be 'related to increased availability of food (Rydl!, .!986), the number of
agonistic calls Among L. tciereus t dcres as density Of is,nceaed (Be wooai Feno4 194) Brdyt at6192 a0 .$- thatalai
non-r-eve fe e M. giesen are excluded fran terr1itries when
abirdanpe of insecs is iW. The number of bats foragin in an area without
intraspecific aggression was related to density of insects in the area (Brady
et al., 1982; Racey and Swift, 1985). If bats are territorial, this behavior
probably is dependent on ahuidance of food.

While foraging behavior of bats may change as abundance of insects changes,
whether bats are territorial is unclear. Aggression among bats at foraging
sites may not prove that bats are territorial. Although red bats .(Lasiunrs

Malis) chased intruders fron individull foraging circuits, these chases did
not successfully exclude the intruder frum the foraging site (Hickey and
Fentcn, 1990). The numrer of tires foraging bats chased intruders was not
related to the abundance of food. The Aggressive behavior of red bats did not
illustrate territoriality as defined by Davies and Houston (1984).
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No evidence of territoriality was observed in my study. However, nethods other
than radiotelenetry would be more instructive in assessing territoriality in
gray bats. Results of this study support previous findings that same
individual gray bats revisit foraging sites and often visit the sane site atAbouxt the sate time of night (T. L. Best and M. K. Hudson, in litt; Thomas and
Best, in press). Foragin areas that receive concentrated, repeated use
represent core areas within the have range of the individual gray bat.

Further studies are needed to determine how use of core areas is related to
short- and long-term changes in abundance of food. Markin bats with
reflective wing bands to facilitate long-term identification of individual bats
wtuld allow better determination of fidelity to foraging sites as well as
teritorial defense of these sites.
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Table 4.1.--_y b (Myotis grisescens) located I sites eaGuntersviUe
Reservoir, Alabama, w in a 60-rain r on >50% of the dy the radiosin
was d etted.

Percent
No. days Total of days

Frequenry Time detected no. days detected
(Mhz) Site (h) at site detected at site

173.000
173o019
172.023
172.148
17.2.210
172.210
173.212
173.231
173.250
173.292
172.293
1-72.293
17-2.313
173. 3 13
172.332
173. 370
173.391
173. 392
173.430
172..441
172. 441
172.451
1,72.461
172. 461
172.461
172.46,
172 .4o0
172. 480

172j,482

172 • 502
172.550a

172.562
172.603
172.6214
'172.624
172. 64 0 a

172.640
17-2.656a

172.680

Guntersville State Park
Hambrick. Cave
Guntersville State Park
Guntersville State Park
Riverview Cacrx
Riverview Campgrourn
Hambrick Cave
Hambrick Cave
Rivervioew bampgrazid
Hambrick cave
Hambrick Cave
Riverview Campground
untiesvil1e State Park

Hambrick Cave
Guntersville State Park
Riverview
Hambrick Cave
Riverview &qpqrourK3
Hanbrick cave
&ýý i -1ille State Park
Guntersville State Park
G•ntersville State Park
Guntersville State Park

eGuntersvile State Park
OiN*,& si11e State Pairk
Guntersville State Park
Guntersville State Park
tý ille State Park

Hambrick Cave
RIkiverview C'grurK
Guntprsville- State Park
-blowingx Wind3 Cave
GuntiersVille State
Harribriický Ca'v e

0215-0315
0235-0236
1930-2030
1856-1956
183-1 840
0320-0420

1800-1830
1855-1955
0330-0430
1800-1830
1830-1930
19.- o2030

0430-05'30
1924-1951
0400-0500
0330-0430
0330-0400
1900-2000
2000-2100
0100-0i I
0215-0216

1820-1920
2330-00330
0300-6400
1935-2035
1-930-230
015o-0250
0330-04,30
0144-0154
0130-0230
2030-2050
1900-2000
0400-0430
2120-2220
o140-0240
2000-2100
0350-0450
0301-0401
0100-0200

4
2
5
2
5
7
3
4
4
2
5
10
4
2
5
5
4
2
3
3
3
2
6
5
7

2
6
3
3
3
3
5
3

5
6

3
2
3
3

5
2
6
2
9
9
3
.7
8

3
10
10
8

3
5
8
8
3
4
4
4
2
7
7
7
3
6
6
5
5
6
5
3
5

6
6
4
4
6
4

80.0
100

83.3
100

55.9

77.8
100

57.1
50.0
66.7
50.0

1o.
50.0
66.7
100
62.5
50.0
66.7
7510
75.0
75.0

100
85.7
71.4

100.
66.7

100
50.0
60.0
60.0
50.0

100
100

60.0
83.3

lob
75.0
50.0
50.0
75.0

Q.untersvi11 e
Guntersville
Guntersville

Blwoing Wirx
Guntersville

State Park
State Patk
State Park
State Park
Cave
State Park
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Table 4.1.-Continued.

1 7 2 . 69 1 a NiCkajack Cave
172,.742 Riverview Canpgroun
172.742 iverview Campground
172.742 RivervieQ Canpgrund
173.750 Hambrick Cave
172.769 Guntersville State Park
1 7 2 . 7 7 0a Omteisvinle State Park
1 7 2 . 8 30 4 Bivwns d('rý- ' nd.
172.831 lambriCk Cave
17-2.831 Haxnbi'k• Cave
1 7 2 . 8 4 9a GunArsvile State Park
172.862 staie Ste Park
173.862 Hambrick Cave
17 2 . 8 7 2 a GuA•ile State Park

17 2 . 8 8 8a Blowinq Winxd Cave
1 72 - 9 0 9 a Gunktesville State, Park
172.9569 GuriteI il-lýe - S~t-a'te" Partk

0300-0400
2000-2100
2300-0000
0150-0250
1902-1903
1930-2030
2330-0030
0203-0243
1830-1930
0330-0430
0420-0430
1917-2017
0403-0404
2110-2130
2010-2030
0030o0130
11,5-0215

2
6
6

4
5
3
3
4
4
2
2
2
4
3
3
.4

3
10
10

6
8
6
5
7
7
4
3
3
4
4
3

66-7
60.0
60.O
50.0
66.7
62.5
50.0
50.0
57.1
57.1
5 .0.0
66.7
66.7

100
75.0

80.0

aDJata obtained in 1992 (ThaIas a erBest, in press).
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Table 4.2. Results of statistical tests to det i if i vidv al Myotis
grisescens were detected at sites arid tiris mbre- often than . -rhne
Valueý include X7 &) P ue for Ci qoodness-of-fit tests, 3y
P-values for •- te of ind 6d a P-value for Fisher's exact
test.

No. of Ni.nber, ci-squarep Chi-square test Fisher's
Frequency Observa- of Qoodness-ýof-fit test of ide en eo exact test

(M) tions sites d. f. X2 . ýP-ýrue X2 _P-V ue P-value

173. 000
173.021

172.023
173. 060

172.180
173.189
172.210
1-73.231
173 .250
172.273
173.,273

172.313
172.370
173.-370
173.392
-173.199
172.441
172.560
172.502
173. 503

172.519
172.1542,172,. 556a
173.571

173. 603

172.ý6'24

172. 680
1727691a

172.769

1 72 .77 0 a
173.789
173-.802
172.804A172.,836a

24
9

30
2:5

9
9

87
9

80
,7-
5

174
20
29
22

9
5

69
14
78.
14
19
38

9
.3

15
1 38

12
16
.11

6
150
67
39
11

6'
5

12

16.667
1..9000

16.133-
21. •440
0.600
0.600
0.012
0,600

48.050
2 i.000
1,800

14 .368
12.400O

36. 690
2.909
5.444
1.800

-4.571
4..154
7.0o00

14.,000
2. 632
5-.444
0.333
2.667
3.267

13'4,.029

1.333
1.000
4.455
2-667

155.64.,06
o0 .134

18.615
0.812
2.667
0.200
3.500

0.00o*
0. 317
0. 000*
0000*

o0439
0.439
0.915
0..439
0. 000*
0.3'68
0.180
0. 000#

0.000b*
0.'088
0 -020
0.180

0. 000*

0.042
0.032
0.001*
0 .105
0.020
0,564
:0.103
0, 071
0. 00o0
0.248
:0.31-7
0,035
0,1020.0o00*

0.71i4

06.366'
0.103

.; 655
0.174

1.1,125 0.;289

8.339 0.016

14.:075 0.000*

7.120 0.008'
0.8715 o.64

2.222
1.661
3.747

0.136
0.436
0. 000*#

0.8028 0.3,63

36.'325 0.00Q*

4.961 0.084.
0.'069 0.'793

0.004 0.950

0.333

0,333
0.063

-1.000

1. 00
0.000*

1.000
0.200

0.1330

0.378

0.222

0.282-7

0.295
1.000

0.109
0. 33-3

0.491
0.667

4.624
19.563
6.044

0.099:. " . s-i

O. 000O
0.049

0.'321 0.852
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Table 4.2.-Continued.

150

172.8s49a
173.862
172.882

172. 8 7 2 a
172.933
173.941
17 2 .9 5 0 a
172 ý. 969

13
12
3

12
15
12
!5

2
2
2
3
2
2
2
2

1
1
1
2
1

1

1

9.308
0.333
o.333

13.500
0."600
0.000
0.180
3.1267

0.002
0.564
0.564
0..001*
0.439
1.000
0.180
0.071

2.933 0.231

0.769
0.558
1.000

0.229
0.699
1.000
0.026

af~ta obtained frau muhas and Best (in press).

*Significance at P < 0.001.
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Fi.41. -- ,Two caves located r)ea~r Gunters~vil le Reservoir, Alabama, whic .h are
roosts for gray bas( ~~)durirm s;E0r: 1) awinWr~ Cv

is ~ ~ ~ jj prmr~yar~ friae ard Mrb-lreprv-iive fe Iale gray bas~2)
Hamibrick CaMe is primarily a roost for rjarýucive feraie grybats.

Ii-'
Scottsboro *

s

JWICa
A'

I
2

.9

ntersville

10 km | N

Guntersville Reservoir
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Fig. 4.2. -Sites at Guntersville Reservoir, Alabama, where radiotelemtric
mniitoring 9.f female gray bats ( tL gr) took place in 1993 and 1994:
1) GUntersville State Park (lodge and anprbpr.); 2) Goose Pond Colony; 3)
Riverview Ca xurxi; 4) Blowig Wind Cave; 5) Hambrick Cave.

Scottsboro *
I

North Sauta Creek

`2

main body of reservoir

-*hI

3 -' '

ersville NI 0k10 km'

Guntersville Reservoir
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Fig. 4.3. --Sites at Quntersvlle ReserVoir, Alabama, where radioteleetric
monitoring of gray bats, crseces took place in 1.992: 1)
Gitersvil, le State Park; 2) Bro's creek C anpzmnd; 3) Hamtrick Cave; 4)Blowing Wird Cave; 5) Nickajack Cave.
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V. VARLATIN IN USE OF HABITATS BY THE EDANGERED GRAY BAT

(WmYTS GRISESCENS) AT GJNTEIRVILE RES~ERVOIR, ALABAM.

TraVis H. Henry

Dea t of Zooo'1 and ildlife ien, 3 331 unchess Hall,

AuunUniversity, AL 3684945414

A.- -The t6oral aid spatial effects of foraging patterns of MyQtAis
Swere 6t~ d near lowing 'in, Cave, JAcksn Co., Alabama,

i991-1i99@2. More gaY bat)s foragýe over open-water andNelumbo habita
than any other, hbita"t ad would often switch fran oneto another within
theý same nigllt. Mokre bats were present in aquatic habitats than in

tersral hbabitats. , X-tihogh gray .bats foiitged t~hroughout the night,
rxist activity was rare0 d at 0200"-0600 h. ThrOub the suirrer,. most
activity of bats was frmi -July tivh August-. Fran June to Augrust, most

aciiy ofbats -was recorde aipng haiatiithin 2 ki fBoigWn
CaeJrNg Augut 'act ivit of batsý inrasdi habitats 13 kmd f ran

B•a~~ w ing Cave as activ9ity o~.f bats dr aonmg habitats 2 km fr a
Blowing Wind Cave. Greatest levels of foraging.activity were recordeddurig Se pember -in the NelurbO (22.8 b -Azzes/. in 1991) and MPrioohyllum
(21.9 buzes/hr in 1992) habitats. within, .2 16 of Blow'I Wind Cve. Tis
n•asizes the importarp of aquatic thaitats contaihinj vegetation to

gy bats durg Septeberi, a period wih gray bats are beginning to
m~igrate to hibernialcm.ia.

Foraging inc1. i habitats: pruvide graepntk f ergy and increases
the og effici of organisms. Therefore, habitats with greater
pr ofi-tbiiity for a forager, i.e., intake bf energ per uit effort, should be

ihosen over poorer habitvts r in et al. e1993') The distribution of
aTypses of vererates can be relactet aitats having ai Productio

pre C( 190 )•. voret a ti le, density of sot, 982 within
riparian habitats was highly crlted with' emren f insects from streaigs.

(Ge , 1993) and8 waterfwl ( eru aid 0 ne A , 1982) quickly locate and
fageat in habitats conttain`1 high ansits of chinon-ieid iabiects and
synhroniz~ie their nestin with easin aburtiancfe of insects.

Different hdbitats have varying rates of emrgxence of insects (krull, 1970).
These rates can be affected by factors such as' intensity of light, tienierature,
and presence Or absence of aquatic vegetation (Rrcuak and-Best, 1982; Flannagan
and Ct)b, 1991; Gray, 1989; Krull 1970). Aquatic invertebrates are po~re
ab~undant in vegetated- habitats than non-vegjetated habitats (&(ul 1, 1970).
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The quality of a given habitat can fluctUate over time causing shifts in use by
predators fran one habitat to another (e et al., 1981). By sarling
imitiple habitats, insectivores can take advantage of changing densities of
prey within habitats. This has been &mn in bids (Zack and Falls, 1977),
fishes (ersson and Greenberg, 1990; Werner et al., 1981), and bats (Bell,1980).

For 6rganisms having -short annual f6raging periods, such as bats, choice of
habtas i Tq~rt-ant. Jost bats in teierte r'eions spen 6-8 months

hibernating each y ear. Selection of Ipimu abitats -in' whdich to forage may be
espealy improtant to obtain adequate nutrition for reproduction and to
provide reserves of fat crucial for surviving hibernation (Davis, 1970).

Scue bats are highly oppor stic and forage in many types: of habitats.Gejgie and Fet (l985) taed tt • wil1 tk advantage of
inset emere/noes in different habitats. Bell (1980) reported similar
cidervations for desert eposytters oonitaindiyj manyW spe'ciesý of bats. Hc~eve-r_,
sainebats are selective in their use' of habitats. Eude'r'ma Ja~laum (_-,,ohiard
andeo, '1983; W wrth et af., 1981), ' 'oý i Aý (A et, 1990), and• g (Tuttle, 1976.) have been c .served f'orirg in s iic
habitats.

To better understand habitat requirements of bats, use of habitats, both
tmworaly and spatially, must be considered. Not ohly can foraging vary
within and among nights, seasons, and years (Fenton et al., 1983; O'Faxrell anddy, 1970), but also may cihane ac dq to distance frc roost I areas.

uroger elt a.(1987) adarly(1.9841) bevithat bats ofth genusgyyft were irfiuerced by thed prxmty of their hibernacula and day rdost to
foraging area. ri&ge (1978) stated that we population densities are
high, irtraspecific cacmetit ion can force organisrs to forage in habitats that
areless tehan o . As plonial bats dispe'rse frcm the root,. affpetition
aWfrq individ s for foraging areas may decease, causing these bats to use
habitats differentlyý.

The gray bat (I p4 i ) is an t• . species primarily
oqirr-inhg in riparian habitats (Brad~y et al., 1982; la Val Ptil. 1977;
Tutle, i076L, 1976•b). The gra..•y bat was placed on the United States Fish and
Wildlife S .ervic --Isx ofeangered species-due to the large pqcentag of
the p latioi th was restricted to a few caves (Gr at, 1976). Althoughrestir e to foraging, in riparian zones (Rabiitz, 1978; Tuttle, 1976_), the
gray bat mpay cover a range of up to 75 km (Thanfas, and Best, in press).

go ts r , the gray bat actually has a number of habitats available
t fo e over, i e., aquatic a d ted by diaf t cmuniies of
plants and adjacent terrestrial oamnrties. The quality of these habitats may
vary cdue to periodic emergenoes of insects. This may cause the gray bat to
select different habitats during different times of the night and over a period
of several nights, making it an ideal species to test whe use of habitats
as foraging areas varies temporally. 7he colonial behavior of the gray bat
also makes it an ideal species to test spatial differences in use of habitats.
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The purpose of the research reported herein was to study temporal and spatialvariation in the foraging _pology of gray bats at Guntersville Reservoir,
Jackson Co., AlAbama. This was achieved by investigating variation in theactivity of bats: !) habitats; 2) tbroufhot the night; and 3)
th;t:xhCAt the summe'r. Additio•ally, activity of bats in terrestrial and
aquatic habitats were copared to verify reports (Tuttle, 1976a) of the
terdency of gray bats to forage over aquatic areas. Aquatic habitats were
cupared to test for differential use based upon the presence or absence of

vegetation in ýhe water.:. Fin.ally, habitats at diff6ernt distances from Blowing
Wind Cave were studied to detekrine if use of habitats by bats differs as
distancee from the summie'r roost ihc~reases.

HATEPMAIS AND MIHO[S

This 2-year study d -fered arrprg years. ;In 1991., habitats were surveyed to
establidh temporal' patterns used by gray bats when foraging- azmong habitats near
their swmner roost. During 1992, both temporal and spatial use 6f habitats bygray bats were investigated.

The study area is located .at. 'Gntersville Reservoir, a 27,479-ha lake in
northeastern Alabama and soutcnta Tennessee. Most habitats were in the
viciAiy of BlWing Wd Cave, a large limestone cavern located in Jack son Co.,
Al~abama. Frro. April to late Septermber, this cave can contain up to '300,000,
gry bats (•uttle, 1976k)-

in 1991., tempokal studies were initiated among habitats within 2 km of Blowing
Wind Cave. Five habitats, two terrestrial and three a&quabic (Tle 5.1), were
examined. Both terrestrial habitats (forest and field) were adjacent to the
reseroir. The forest habitat cintAined• a l!tlo.0y pine (..ini eda
oversthry, a midg ry poý of sweetguz (L db styt~cilfua) anddogwood (O S :flori), and an under.story de up ofpoison ivy 0

a a greenbriars (Smrilax), and japanese honeysucýk e (Umj.'-i_ a. ic).
The feld hbita conssted rima iof grýase (Sorhutn.,' hrbc s(SliacoVenoiaand 0&d eetto cr r)i of the three Aquatic

hakit~.~ eleted tw 62taiedmuato~ytes (Euamsian ýwatennilfoil,
Myrioylium spictum,; M&ican ot, Nlu6 lutea) and one open-water
habitat n&itairid little or no vegetation.

Edolocation calls of foraging bats were mnnitored simultaneously in each
habitat at- toee recording stations. Each reo~rding station on each end of a
trnsect contained two recording units oriented in opposite directions to
provide, two non-overlapping si~gal-kreeption areas 30° in width. An additional
riecrdihg station hou.sing one Crdn Unit was place in tecenter of the
transect. A d unit cxbmsisted of a QW c Mini Ii bat detector (OWC
n Ltd., L n, ;UK) to make edholocation call.s audible and a

Realistic Mini Recorder (Radio Shack, Fort Worth, Tx) to record the calls.
Tese recording units were placed within boxes to protect them from the
weather. Each transect was 100 m in length and cxnsisted Of five recording
units. Frxn observations of bats flying through habitats, I determined that
.=,C Mini II bat detectors had an effective range of ca. 25 m and that placing
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recording units 50 m apart insured that no detectors picked up the sane bat
simultaneously.

In the five habitats, direct observations and captures of bats provided
positive identification of species. Recording units in the field habitat were
placed upon plywood platforms to insure that no vegetation blocked echolocation
Signals. Units in the forest habitat were hoisted ca. 10 m, into the canopy
using antenna masts and pulleys. Recording units at aquatic sites were plaoed
on p.ywood platfoint attached to inner-tubes fran truck tires. Vegetation
adjacent to recor units that may have interfered with reception of
eco1,9tiop calls was removed.

Samples were collected on 3 niqhts during each sarrl ing session. There were 7
saTrling sessions, each separated by ca. 14 days. Samplling sessions began on
25 June, 8 July, 22 July, 5 August, 20 Augtst, 3 Sepebr, and 17 Sept ;
respiectively (AýPerdx 5. ').

Monitoring bega wihn 1 rin before sunset and ended within 30 min after
sunrise.- Tapes in' r Wrers were repce ortred over ev h our- each unit

t ca. 10 h/night. A l of ca. 250 h of data/night was collected.

During 1992, I studied terporal ad spatial use of habitats by gray bats. 1W
aquatic habitats withnin 2 km of Bowicng Wind Cýve (open water and Myrio-hiyllum)
were cdmpared with three aquatic habitats (open water, •IT-phylaum,rd
N ) ca. 13 kmh fran the Cave. This doaparison alli, "e to dete e ifbatsselt habiats diffently a they foraged further from the cave.

Habitats within '2. kui ad13 )6 of aociin - Wind Cav weýre -classified as
backwatenad river-diannl hab6ita~ts,' respecively. Bia~ckwaterý habitats' werelocatd at North Sauy, a shallpw oove on the northern section of Guntersville

Reservoir. The riverannl habitats were located on a shallow sand-bar
adjacent to the primary navigation channel used by ocwerial and recreational
boats to nmve throughout the reservoir (Fig. 5.1).

Becaudse activity of, bat-s wss ilrangrecordling units within -a'hbia
di 191 (d kbreeted b6la.: table 5.2), I reduced the nuber .of-
remd uhi wit a h itat to four. One floating station, contaýiin two
reording units, w4s placed in each habitat at each end of a 106-m tr4anset. I
used the, same sanpling proedure as in 1991. Hcaever, samples were ýrecorded
twice monthly (except for 3 -nights in July). Sampling sessrions started on 26
June, 7 July," 8 - July,. 20 July, 3 August, 19 AuTgst, 31 August, aid.15

,Septer; respectively (Atpoiox 5.2).

Fluctuation in the use of habitats by gray bats was determined by couing the
eof passes (echolocation calls without f Ming buzzes) and feeding buzzes

(increased rates in repetition of pulses associated with attacks on
-Grif.fin et al., 1960) that were recorded per habitat per minute.

Counting passes alone determined levels of activity of bats, while feeding
buzzes indicated actual foraging activity. Speies of bats other than the gray
bat were groped int.o the "other" category.
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Numbers of passes and feeding buzzes were tabulated for 1-rmin intervals. All
observations were blocked into 2-h units and a mean was tabulated by averaging
the observations of the five recording units per habitat. Values were divided
by number of minutes observed in each 2-h block and multiplied by 100,
resulting in a value reprsenting numbers of es, buzzes, and other species
of bats o ed p 2-h bloik. This adjustment accounted for any unequal
recording times among samples.

Statistical c arisons were made among habitats to determine variation in
number of passes and feedin4 buzzes of gray bats and passes of other species of
bats during each night, among nights, within annual activity periods. A
three-way lysis of variance Was used for- coffarisons to determine the
interactions of timne, ampling period, and habitats (SAS Institute, nc.,
1985). Habitat was, the iý ent Variable while number of passes and buzzes
over-time were dependent vaibe.This allcwed -nightly and monthlyisn to. b made,. By cnt ting river and backwater habitats, I
daned spatial effects. Orne-y analysis of variance with seuential
Bonferroni adjustments (Rice, 1989) were used to identify differences among
habitats over time and sampling periods. A Tukey's multiple-paq~arison test
was used to detennine where this difference occurred (Day ' -Quinn, 1989).

90sults of activity of bats durinq 1991.

In 1991, 197,507 minutes of data were collected. A total of 223,644 passes and
8,547 buzzes of gray bats were recorded (Appendix 5.3).

Differeng amonm record-icq units. -qnly one ocaparison odt of 15 showed any
differe among r •rdinq units within habitats. The only exception wasrecordirn-nts within the forest habitat (Table 5.2). More passes were
recorded by unft near the e'dge ,.f the habitat. n emini habitats, o

ffernc •ewe.r pe t among rrrecrding units.

Activity- of bats among habitats. -Numbers of passes of .gray bats were different
all habitats. M. CI was re.orded imt often in the open-water

habitat ( .394.9 pa-ss/2-h block) followed by Eel Mvriojowllum, field,
and forest habitat" (Table 5.3). More gray bats were recorded in aquatic than
in ter.testkia.1 habitats.

fobr-ging activity of bats differed among habitats (P < 0.001; Table 5.4). More
feedipg: b!zzes of gray bats were, recorded in open-water anti- habita -s
than the Myriodhvll habitat (Table 5.3). Additionally, gray bats foraged
more in aquatic than terrestrial habitats with the least anoht .of buzzes
rex=ded in the forest habitat (n = 0.2 buzzes/2-h block).

Activity of M. Wrisestmn was not correlated with other species of bats (r 2 =
0.003). Altough 15,069 passes by other species of bats were recorded in 1991,
they were ctnruered by gray bats 15:1. Differential use of habitats also was
observed in other species of bats (P < 0.001). Most passes by other species of
bats were recorded in the Nelimbo (_n = 14.9 passes/2-h block) and open-water (D
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= 10.9 passes/2-h block) habitats (Table 5.3). With the exception Of the
_Myihylum habitat, activity of other species of bats was greater among

aquatic than terrestrial habitats.
Activity of bLats throlghou the -niht. -Variation in activity of bats

rog tte night was bserVed (Table 5.5). At 2000-2200 h, mOst passes of
gray bats were recorded in the glumbo and open-water habitats (Fig. 5.2).
MOSt orgnactivity. was recorded in Nelumbo habitat. This pattern was
maixrea unti 0000 h, when most gray bats were present -in the open-water
habitat. At this ti'i most bats foraged equally among all aquatic habitats;
Ithriculihcut. the rem' iixder of the nigh, gray bats foraged within the open-water
habitat. Few gray bats were recorded among the terrestrial habitats throughoutthe night. Most activity of bats was reooided here at 0400-0600 h.

At 2000-220'0 h, other species of bats were" mst c)ammon in the helumbo andopen-water habitats (Tbe 5.5). A activity dm amongp these habitats at
2200 h, activity increased in the Mvricbhvllun habitat. All aquatic habitats
were then used qully until to 040D0' h. By 0600 h, most activity of other bats
was within th open-water habitat. FrCm n2000 to 0400 h, other species of bats
were most active in the Nelirto habitat (Fig. 5.4). Duriingi 2000-0200 h
trrestzrial habitats had fewer passes than other habitats.' However, for the
kiaxiiet of the night, number of passes of gray bats increased among
tia habitatsý readchn the eak. at 0400-0600 h (46.3 and 22.1 Passýs/2-h
block in the field and forest habitats; r ively).

gNichtly-differences in activity of bats.-'ie number of gray bats of varied
nightl y among saink h sessions (Aedces 5.4-5.10). Differencbes fromn one
nijht to the-n et within a sanpli.q session in the number of, passes of gray
bats were observed in July and late September.• econdly, nightly diffein the -r of zzes within a ling ession obsdved in -June, July,
and late Septber. Yethroughout the sufitmrer, the number- of* passes by other
species of bats did not differ among sanple nights within a sappling session,

Variation in hourly activity .of bats thMcout the summer. -0n average, most
activity of ray bits was at the 2000-2200 arid '0400-0600 h (1Table 5.6).

Hyer en lat Juy arly August', aid early',September, there were nodifferene amon a- 1 h

in terms of actual foragirq, Oýny three of seven cnparisops showed any
diff-erzw'enes among saxpl inct hoirs-. When d~if fe rences were observed .(ear-ly July,
late 'August, and late Septarber), most foraging activity was at 2000-2.2,00 and
0400-0600 h.

s rthe , activity of other species of bats was consistent
thrbughocxt the night. The only e6cýpion was in late August, when nibst
ativity was at 2000-0000 h.

Activity of bats thggM~gIt the summer. --Gray bats were most active duringearly July (_n = 519.2 ss2-h block) and least active during late Septem
n= 119.8 passes/2-h block). In 6 of 7 ocmparisons, more bats were found in

the cpei-waadr habitat than any other habitat (Table 5.7). The only exception



Best et al.--Erdangered Gray Bats 160

was in early Septeber, when most gray bats were present in the Nelumbo and
cn-water habitats. Activity decrease d in the open-water habitat throughout
1991, and in4crea in the um2o habitat (Fig. 5.5). The number of passes of

grybats w~as greateti h habitat during June and July and
g ly decreased hout the suiiTr.

Similar trends in foraging by gray bats were observed throughout 1991 (Fig.
5.6). On average, more foraging attempts by gray bats were recorded initially
in the open ter habitat (Table 5.7). However, during the second one-half of
sriMer, moxre gray bats foraged in the al habitat.

Activity of other species of bats inc throughout 199.1 (Fig. 5.7). Mostactivity occurred in early Augst and early Spt e. th out r er, mpre
activity was recorded in aquatic than in terrestrial habitats

Results o~ activity of bats durinc 1992.

In 1992, 62,227 min of data were colleated. A total of 133,480 passes and
4i949 buzzes of gray bats were redorded (Aendx 5.1-1).

Act-ivity of bats among habitats-Differential use of habitats by bats was
&6se LP <_ 60. 0Oi; Table 5.8). Gray bats were recorded most often within
backwater habitats. st passes were' recorded in the open-water habitat ai d
fewest in t MyNriogphl!Ur 'habitat. Of the river-ichanne habitat, there were
no differences Am6or habitats. In texm of feeding buzzes, similar patterns
were observd (Table 5.19)i On aVerage, bats foraged most among open-water
habitats.

Althag 8,794 passes by ote species of bats were recorded, gray bats
E-trubered ohrbt13-i.le s passes were recorded among backae
hbtats (Tbe 5.9) On average, other species of bats usually were f curd
over the Myrioyllum habitat, in both backwater and river-channel areas.

ACtivitv of bats t the niqht-. '-#tv6 gris was host active !at
20-2200 ýr 0-0400 h(Tbe5.10). At these perids of time, most gray

batswer recrde in he.pen-water habitat. Hc Iev 1ruhu the
airder of 'the nigt, mbst gray bats were recorded in Myrioýhyhttn andopnwter habitats. :Throughouit the night, more bats were recorde azmong

backwater habitats than river habitats. Am the river habitats, activity of
gray bats was greatest at 0000-0400 h (Fig. 5.8).

Gray bats foraged imst at 200,0-2200 h (Fig 5.9). O average, ost 'feeding
activity was. recorded aaogn d • .. wter pabitats (Table 5.i0).
After a decline at 2200-0000 h, foraging activity increased throughout thenight. Among river-dhannel habitats, no differnces in the number of buzzes
among sarfle times were observed.

As foraging by gray bats decreased at 2200-0000 h, number of passes of other
species ioncesd (Fig. 5.10). on average, other species of bats were recorded
mot in the ioI during the first ore-half of the night, then gradually
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switched to the open-water habitat. No difference in the number of other
species of bats was et;Ved river- habitats.

Variation in hourly activity of bats throughout the sue. -on average, most
acivity of gray bats was at 0200-0600. h (Table 5.11). owever, in late July,
late August, and early September, there were no differences among sampling
hours.

In terms of feeding buzzes, there were few differences among hours throughout
the summir. In late June, more feeding buzzes were recorded at 0200-0400 h anid
0400-0600 h (39..1 and 29.1 feeding buzzes/2-h block, respectively) and in lateSeptember- duiring 0020 h (5.ýý5 feeirqý buiz es/2-h bl ock). hr een
diffrenc~xes, in th ubr fohrpasses byohrspecies recxode among
hodirs within any sagipl in sessions.

Activity of bats among habitats throuctthe summer. -Most gray bats were
ctervd ,du&irq gthe first ono-half of 1992 (Table 5.12). Most passes were
recorded during early July t early Auust among the bacdkater habitats
(Fig. 5.11). As activity in backwater habitats decreased throuhout August, an
increase in activity was observed among river-channel habitats. Througut the
summr, g;ay bats' used the open-water habitat more than any otheri with the
excep Ition. of early -September, when .numbers of bats were, on average, higher in
the " h habitat.

Most buzzes were recorded from late June through early August within the
backwater habitats (Fig. 5.12). However, buzzes increased substantialny in
early September (Table 5.12). Among river-d-annel habitats,. feeding activity
of gray bats was-greatest in late August. "ui csoincides with a decrease infejd zzes backwater hab ts (Table 5.12).

Activity of other species fluctuated throughout summer (Fig. 5.13). Most
passes were recorded in late June, early August, and early September. Activity
increased throughout summer.

DIS=SSION

Nun*kc•us investigators have used reoordings of vocalizations of bats to betterunderstand the fbragigrqrent of bats (Bell, 1980;, Fenton, 1970; Fenton
et al., 1983; Futiorner et Al., 1987; Ge'ie and Fenton, 1985; Leonard and
Fenton, 1983; 0'Farrell and Bradley, 1970; TnMIas, 1988; WooqsWorth et. al.,
1981). Although m-any studies have used this unobtrusive technique, few (Bell,
1980, Fefntn, 1970; Th.das; 1988) have recorded ir6ements of bats dontinuousl4
over l1ohg peiods of time.

Differential use of habitats was observed. Gray bats passed through open-water
habitats ore than other habitats. However, gray bats often foraged equally
among aquatic habitats.

Gray bats rarely wem detected among terrestrial habitats. M. i
p ily used the forest canopy as cover when traveling to habitats to forage.
These firýirgs are similar to those observed by La Val et al. (1977) and Tuttle
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(197?_). In most habitats, gray bats were restricted to treelines during
twilight periods. Hwever, at dusk, most bats became active among aquatic
habitats. In addition to foraging on localized hatches of insects, I observed
gray bats gleaning iresk frun the surface of open-water habitats. Upon
exhating this food source, the nuHber of bats dropped as they dispersed from
the area.

*ThrcRug -hwt . the night, gray bats -exhibited a binabdal pattern of foraging in most
habitats (Fig. 5.3). Ts behavior was noted in other species of bats (Bel!,
1980; Erkert, 1982; Fenton, 1970; Rydell, 1993), but others forage primarily
just after dusk (Furlonger et al., 1987; Thomas, 1988). These patterns may
oincide with energences of insects at different types of habitats. Often,

Most bats foraged, among one habitat during the first one-half of the night and
switched t 6 h bitat late in the night. This suggests that as quality
of one habit~at deraebats switcthe~d to more profitable hab itAts.

There was. little variation in the number of gray bats frcm one night to the
next within sampling sessions. 'Most variation was observed in June, July, and
September. This xould be due to fluctuating numbers of insects during these
tims. However, it is more likely that these periods of the year coincide with
changesin population dynamics of gray bats. In July, young-of-the-year become
volant. This sudden increase in the number of inexperienxed bats could account
for fluctuations in the humber of bats among habitats. In September, gray bats
are b5eginin to 1v to rnearby hibernacl (Tuttle, 1.976b~). Theý number o
gray bakts would increase apong habitats in response to these move'rints.

Throughout the summer, fluctuations in the number of passes was least among
backwater habitats and greatest among river- !anl habitats. Intraspecific
ccmpetition -may be less in rivet-chanel. habitats and bats are able to detect
subtle changes abunance of insects may not be perceived among the more
crc~ed backvater habitats. However, this trend could indicate changing
envirbonnai x nets effecti distribution of aquatic insects may be
greate in the main river than in backwater habitatstu causing more
variability in the energences of insects :among different habitats.

Because of the constraints of reproduction, female gray .bats must stay near the
sun ner cave during earlier sun months (Tuttle, .1976b). Adam et al. (1994.)
a cd Clark et dl. (1993) observed that the h range. of r ts i
increased as suniner. progressed. Data suggest a similar ocx'-a'rrenpe" with g~r'a:y
bats. More. gray 'bat were detected among aquatic habitats near Blowing WindCave. As W pr, the n of g•ry bats decreasd Xang backwater
habitats and in=c6ae among river habitats. Perhaps, as constraints. of
reproduction esned, gray bats foraged farther fron the roost; resulting in a
decrease in the number of gray bats among backwater habitats and an increase
amorv river habitats. Lawixed intraspecific competition for food resulting
fitan these extended forayS would greatly benefit gray bats as they prepare for
ir tion to ib aoula.

he nmmbex of passes and buzzes increased among backwater habitats during early
September in 1991 and 1992. Tuttle (1976b) noted a similar increase in the
number of gray bats at Blowing Wind Cave during this time. September probably
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is a (rucial period for gray bats as they replenish fat reser es needed to
maintain thm througx h winter'.Thi increase in Activity was observed only in
aquatic habitats containing vegetation ezphasizing the importance of these
habitats to gray bats.

The interactions of gray bats with other species of bats were minimal. La Val
et al. (1977) noted, that gray bats pirbably excluded Myoti sodalis fran
habitats hay'ig better food kesourtes. Although we saw no direct evidence of
con ~etaitiv6 exclusion, mutual avtoidaýnce mybe taki- "p lade'. Thrcughout the
niqi-it, other. s cies of bat were more act-ive among itats when presence ofgry bats was 1crs. O average,, most passes of other specie were kreoidb
amngr Ne6i~b arýi ?7v ii='~ habitats. Hcawever, in Septemberbt
pop.Jations of bats in in the same habitats Q&elunbo in 1991;
Mioph¥1ium in 199k). This increase in bats probably marks a substantial
increase in insects ang these habitats allowing greater numbe of bats to
use this .Esource.

From June to August, gray bats foraged primarily over open-wadt habitats in
bt backwater and river-channel habitats. However in Sept , mre bts
were cbeved among haitats oontaminir aquatic vegetation. This activity was
only observed in backwater habitats indicatirg that habitats containing aquatic
vetation in cloe proximity of Blowing Wind Cave may be crucial for gray
bats. This emphasizes the need for a diversity of habitats over which the bats
can forge. It is apparent that a vaiety of habitats within this communityensure t y bats Will have a continuous f•d s y t out, the summer.

Additional tq&oral and spatial studies of the foraging ecol.ogy of gray bats
are necessary. Assessing abundance of insects among similar habitat-s and
parameters affecting this abundance would identify factors cmtroiling the
quality of habitats used by gray bats. Additionally, investigating. foraging
areas of individual gray bats and how these areas chAnge over time iwould
identify important regions of Guntersville Reservoir and al l better
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Table 5. 1. 9 sit Used to investiate variation in use of habitats by the
gig h (Mytis grisesoens) at GJuntersvile r ,ackson Cob., Alabama,1991-_1992.

Year Habitat Ilcation Classification

1991
Open water Nor~th Sauty Creek, 1,.:q km Backwater

south of US highway 72

Mypiohylln spictum North Sauty Creek, 1.4 kdn Backwater
north of US highway 72

Ne!unbo u1 Noith Sauty Creek, 1.6 km Backwater
of US highway 72

Forest Adjacent to county road 114, Terrestrial
1.9 km south of US highway 72.

Field 0.7 km north of US highway 72. Terrestrial

1992
Open water 1 Adjacent to county road 114, Backwater

1.9 km south of US highway 72.

Mrriophyllum spiat 1 Adjacent to county road 114, Backwater-
1.9 km south of US hichway 72.

Opbn water 2 1.6 kmo west of bridge on River-channel
US highway 35.

Mvrio•rallum spicatum 2 1.6 km west of btidge on River-chaui
US highway 35.

Neluinbo 1 2 1.9 km west of bridge on River-channel
US highway 35.

1 Habitats Ca. 2 km frmn Blowing Wind Cave.
2 t• ca. 13 kmio -an Blwing Wind Cave.
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Table 5.2.--Resullts• .ýy analysis of variancea a uk's
mjltiplt-ca=nar~ison tes for d-ifferences ' rg five recordir units within- each
habi~taat Guntsie R oir, Jackson Go., Ai a, i9g. bz iah
Habitat - i irdicAt y d-oRictsficanrte subsets.

Habitat Activity d. f. F-ratio, Results of-tukev' sanalysis

Forest

Passes 4,422 4 . 0 8 a
-3 5

20.0 12.1
4 2 1

9.-2 5.7 5.5

Buzzes 4,422 1.25

Passes
(Other

4,422 3;32

Field

Passes 4,480 0.27

Buzzep 4,40 0.,5o

3 5 4 2 1
0.3 0.2 0.2 0.1 0.1

3 2 5 4 1
1.0 0.4 0.1 0.1 0.0

5 3 1 2 4
19.6 19.2 19.0 17.3 15.9

5 3 1 4 2
1i. 0.7 0.6 0.6 0.5

2 3 1 5 4
4.7 2.9 2.0 2.0 1.2

180.9 152.2 118;9 101.,0 91.4

1 2 3 5 4
9.8 8.2 7.6 6,8 5.9

4 5 3 1 2
23.4 20.-1 17.7 6.9 5.8

Passes 4,480 1.97

4,505 3.24

Neluai)o

B.Zzes 4,505 0.59

N~euin

Passes 4,505 2.38
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Table 5.2.--Con .tired.

myrigEM11u

1 2 5 4 3
Passes 4,504 1.86 104.9 104.9 86.7 79.1 77.2

1 2 3 4 5
Buzzes 4,504 0.46 4.8 4.6 3.6 3.1 2.9

5 4 2 3 1Passes 4i504 1.81 13.0 11.6 7.6 6.5 6.3
(Other)__ _ _ _ _ _ _

Open-water
4 2 1 3 5

PAsseý 4,448 3.03 445.2 349.4 336.6 331.0 267.2

4 2 1 3 5
Buzzes 4,448 2.15 13.6 9.5 8.4 7.8 7.6

2 4 3 1 5
Paisses 4,448 0,9.5 21.0 13.4 8.8 6.3 5.3

(other)

asi i sbt e on sequential Bonferroni miýn table-wide .significance
leVel set at 0.0033 for a tae of 15 tests.
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Table 5.3,,g ts !OLf of e- r.isoa and ___kevs~~t le---acinarison tactIvi- of
l~yti gArs 6  id n dther g~e of as~a utrvleRsror acko

Co., •Alabaa, 1991. Hab ts are C it71 0 ave of each
of activity as follo4s :' , I g -v ., Neao; .2, Myricphyllum; 4, Field;
5, For6st. 1tnes beneath a.eraj...irndicate noricaiificant sbts.

Activity d•f. F-ratio Results 6f. .,kV's a.nalysis

1 2 3 4 5
Passe 174,2,363 2 .. i8 0a 34.9 128.6 90.4 18.!2 10.5

1 2 3 4 5
&Mzzes 174,2,363 6 . 7 6a 9.4 7.6 3;8 0.7 0.2

2 1 3 4 5
Passes 174, -2 363 2 4-2a 14.8 10.9 9.0 2.6 0."3
(Othier) __

asignificant based on sequential Bonferrn minimum table-wide significance
1leve set At 0.0167 Ifor a table of three tests.

bp,3a--ses' b,' bAts ohrthan 'Mvotis =ri§2.



Best et al. -Erdargered Gray Bats 171

Table 5.4. -Results of theew anly ofvr as n
Sf grisesns _ p of ote seies of bats"w

habitats s s ig , ad saml session at Guntersville
Reservoir, Jas C., Al 1991.

F-,values

Source of variation d. f. Passes Bzzes Other bats

Habitat 4 4 0 9 . 8 a 5 6 .1 a 1 0 , 3a

Time 4 4 0 . 5a 9 . 5a 1.2

Habitat by time 16 42 . 2 a 1 1 . 8 a 1.5

Samlingr session 6 2 4 . 6 a 3 6a.6

Habitat by sampling
session 24 1 4 . 5 a 7 .1 a 5 . 2 a

Timr by samingir
session 24 6 . 4 a 2 . 6a 1.1

Habitat by tih'
by samtpling session 96 5 , 1a 3 . 8 a 1.2

a_ < 0.001.
b'Pa-sses by bats othe6r than M-otis c
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Table 5.5.--Reslts of one-a analysis of variance and
nnultiDle-cx~iason t for differences of * E Myotis grisesoens an-

t . the nht at Guntersville Reservoir, Jackso, Al
9/ji. Habitats b g li~tei above averae number f ba•ts fo11n : i,; .,2i Nel o; •, ..Myr~iophyllUm; 4, ; 5., •M Ln b ath -

aveaaes indite nonsicnificant Subsets.

time Activity d.f. F-ratio Results of Tukey' s analysis

2000-2200 h

Passes 4,470 4 2 . 8 5 a
2 1

283.6 237.6. 127-.. 6
4

.16.7
5

8.6

2 1 3
16.6 8.5 6.8

4 5
0.3 0.2Buzzes 4,470 1 6 . 3 4 a

Passes
(Other)

4,470 7 . 1 6 a
2 1

25.8 13.6
3 4 5

6.9 5.5 0.5

2200-0000 h

Passes 4,496 -2 8 . 4 2a
1 2

172.8 143.6
3 4 5

84.2 6.9 4.1

Buzzes 4,496 1 3 . 0 5a
2 1 3 4 5

11.0 4.6 3, 4 0.3 0,0

3 2 1 4 5
11.8 9.9 9.1 1.6 0.1

2200-0000 h

Passes
(Other)

4,496 3.00
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Table 5.5. -Continued.

0000-o600 h

Passes 4,485 6 2 , 2 3a
1 3

245.1 64.0
2 4 5

60.8 9.6 3.7

Buzzes 4,485 5 . 5 0 a
1 2 3 4

7.2 4.7 3.8 0.2
5

0.1

Passes
(Other-)*

4,485 5 .0 3 a
2 3 8 4 5

i7.4 15.4 6'.8 2.5 042

0200-04.00 h

Passes 4,478. 9 4 . 4 4 a
1

477.3
3 2 5 4

59;2 55.3 15.4 15.0

Buzzes 4,478 26 . 7 9a
1 2 3 4

7.2 2.7 1.8 0.4
5

0.2

Passes
(Other)

4,478 4 i7 7 a
2 1 3

17.4 7.7 5.2
4 5

1.3 0.1

0400-0600 h

Passes 4,,430 16 0 -6 4a
1 3

639.2 119.7
2 5 4

95.0 46.3 22.1
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Table 5.5.-Contimied.

174

0400-0600 h

Buzzes 4,430 37.73a
1 3 .2 4 5

20.7 3.1 2.5 2.2 0.5

Passes
(Other)

4,430 1.338
1 3 2 4 5

18.4 5.3 2.5 1.9 0.6

a Significant based on sequential Bonfer..ni minim table-wide significanoe
level set at 0.0033 for a table of 15 tests.
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Table 5.6. -Results of on y analysis of ariancea and Teys
multin ~pij hours used to record Voaizt ofMyctis grisse oh i of ban Guht.rsille Reservoir, Jackson
C0., Ala , 1991. • i hours are ; above the averare of each
of aic'iity as follows: 1, 2000-2200 h; -2, 2200-0000 ; 3, O000-0200 -h; 4
0200-•d400b h;, 04-600 b. Lines beneath indiicate nonsrcL ficarit
subsets.

Date Activity d. f• F-ratio Results of -Tukey's a lyis

25-28 June
4 5 3

4 . 6 3 a 287.2 167.1 152.7
1

-138.6
2

81.,3Pas<ses

Buzzes

(Other)

4,314

4,314

4,3i4

2.12

0.71

8-12 July

Passes

Buzzes

4,326

4,326

9. 7 9 a

6. 5 2 a

1 3 4 5 2
9.1 7.3 4.5 3.9 2.7

3 2 5 1 4
4.-1 4.4 2.8 1.7 1.3

5 1 4 2 3
321,5 212.1 135.6 74.9 73.0

1 5 2 4 3
10. 86 -.5 2,.3 2.0

3 1 2 4 5
12.2 6.6 3.7 2.9 0.9

5 4 1 2 3
238.0 131.7 115.6 113.9 93.3

5 1 2 3 4
5.9 4.3 2.6 1.9 1.5

8-12 July

Passes
(Other)

4,326 3.01

22,-27 July

Buzzes

4,336

4,336

4.10

1.73
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Table 5.6. -Continued.

Passes
(Other)

4,336 2.07

!5,-g Axust

Passes

Buzzes

,Passes

4,348

4,348

4,-348

2.76

1.10

0.2.3

2C-23 AUgust

Passes

B~zzes'

Passes
(Others)

4,365

4,365

4,365

6.40a

5. 5 1 a

4,7!a

1 2 5 3 4
9.3 5.3 4.9 2.1 1.9

1 5 4 2 3
178.7 160.8 149.5 106.7 74.7

1 5 4 2 3
5.8 5.1 4.5 4.4 2.4

5 4 1 3 2
21.2 20. 1 18.3 17.9 10.,7

5 1 4 2 3
146,.1 103.9 57.2 46.9 41.1

1 5 2 4 3
5.0 3.3 1.7 1.1 0.5

1 2 5 4 3
16.6 5.8 1.9 '12 1 .0

1 2 5 4 3
1155..2 147.9 134.9 921.9 73.45

2 3 1 5 4
13.2 9.0 8.9 8.6 2.6

3 1 2 4 5
22.7 18.,3 14.9 14.8 1.4

3-6 SoPtember

s4,372

BuzZes

Passes
(Other.)

4,372

4,372

2.;102

2.27

1.66
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Table 5.6. -- ontinued.

17-20 Sepbbt

Passes 4,296 8. 0 8 a
5 1 2 4

93.9 62.6 22.9 21.9
3

1I7.3

Buzzes

Passes
(Other)

4,296

4,296

5.3Ba

3. 04

5 1 2 4 3
3.9 2.3 0.9 0.6 0.:2

5 1 2 4
3.2 2.6 1.9 1.5

3
0.6

aSignificant based on sequential Bonferroni mini. table-wide significance
level set at 0.0024 for a table of 21 tests.b passes by bats other than M -
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Table 5.7. --Rg • o ane nalyi of, var-iancea ard Thkev's
mu~~tiple-cc~~~paris~~rO tet-*ifrn~ fnmes~!?oti.S rImsesoens -habitats ' the summer t 'Ilijj e R roir, Al

'1991. Habiýtatgisarle are listedabv e A o at a olws
tr , 2, Neumbo; ., Myriph llum; 4 field; 5. forst. Lines

.averaces a nonswnuficant btS. -

IDte Activity d.f. F-ratio Results of Tukey's analySiS

25-29 June

Passes 1 345.27a 433.1 115.2 2 553.3 23. 34,314
4

16.0

&izzes§ 4, z314
1 3 2

11., 8.2 2i4
4 5

1.1 0.4

(Other)

Passes

4,314
1 2 4 3 5

6.8 2.5 1.7 1i0o 0.2.15

'8-12 July

4,326
1 26 2 ,0 2 a 519.2 "117.2 3116.5

5 4
24.3 22.5

1 2 3 4 5
131.,6 6.6 3.6 0.6 0.3Buzzes 4,ý3-26 iaýý Ila

.8-12 July

,Passes
(Other)

4,326 4 80a
3 1 2 4 5

11.8 11A. 4i6 .17 0.0

22-27 July

Pas-;s 4,334,336
1 3 2 4 5

4 1 , 3 9 a 434.0 152.4 131.5 29.6 12.3
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Table 5.7. -Continued.

Buzzes 4,336
1 2 3

8.0 4.9 3.1
4 5

0.7 0.3

Passes
(Other)

4,336 6. .10a
2 3 1 4 5

10.8 8.0 1.9 0.8 0.0

5-8 August
1 2

5 4 .68a 381.6 215.6
3 4

97.6 23.3
5

6.0Passes 4,348

Buzzes

Passes
(Other)

4,348

4,348

1 2
10.9 9.8

1 3
34.6 25.6

3 4 5
2.1 1,2 0.3

2
23.4

4 5
6.6 1.02.54

0-ý23 August

Passes
1 2

3 0 . ,,a 224.6 97.9
3 4 5

64.5 14.2 6.04,365

20-23 Aligt

Buzzes.

Paosses,
(Oter)

4,365

4,365

R137a

5 ,9 3 a

2 1 3 4 5
4.9 4.5 1.8 0.5 0.1

1
19.1

3 2 4 5
5.2 2.6 1.5 0.1
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bI6e 5.7. -cbftinued.

3 -4 Spe'e
1 2

3 9 . 1 6 a 288.6 240.0
3 4 5

56.9 12.5 6.0Passes 4,372

2 1
22.i,8 12.6

3 4 5
6.7 *0.-2 0..0Bazzes

Pas ses
(Othert)

4,372

4,372

167.38a

177.•21a1 2 3 1 .4 5
56.,5 .10.2 3.5 1.6 0.6

17-2'0 Septkner

BPz'ss. 4,2.96
1

1 9 ..5 3 a 119.18

2 :3 4 5

'29.0 26.0 11.5 6.8

2 3 4 5h,. b/ 0.3 0.o07.,:81A
1

40.

3 1 2 4 5
4i5 2.2 0.,9, 0.8 0.1Passes

(Other)
4,296 66a

-aý§igficarrt based on sequential Bonferroni minim= table-wide, significance
level set at 0.0024 for a table of 21 tests.



Table 5.8'.76 ýt of
kmzs o Ahy ; arvi s. nc

habit'atsal s a tim
Res~ivoir Jackson Co., Alabaga,

of oter ~ ofbtr ) with interactions of
anvd s amln~ se'ssions at GtesiAl
1992.

F-values

Surbe of variation d.f. Pa-ses EkiZes Othe bats

Habitat 4 7 8 . 4a 25 qja 14.0a

Time 4 18 .,6 a 3 5 a 0.5

Habitat by time 16 5 . 0a 1.2 3.3a

Saml) g session 6 24.8a 8.3a 7 64

Habitat by' sa~np1irv
session 20 5 , 8 a 3 .4a 4 , 5a

Time by sanpiling
session 24 4 . 6a 3.7a 1.2

Habitat by tim
b ir session 79 1, .7.aa

a ? s 0. 001.,
biaýse bybats other than Myot gri
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Table 5.9. -Rii1ts of t analysis o variangea a -Tukey's
im~i~-irsntest ar five hiitt to d-- p12: ýactiviy

fyots crseces arx 'other Mg of ý ats At trvll e~vir ako
Co., Alabama, 1992. Habitats are l above t , u&ie of each fof act ivi S folloiws: ei -Cn-wat§; 2, MicyumC; *, e

r13 ~ ~rc~~m~.Lnsbeet vrce indict noonsiginificn
?tkiphll&. Lme bbi

Activity d.,f. Fý-ratio Ikestdts .of. Tukey's analygis

1 2 3 4 5
Passes 153,687 7 . 8 1a 447.9 301.8 92.2 91.3 80.9

1 2 4 3 5
Bzes 153,j687 3 _9 1 a 15.8 13.2 3.7 2.6 2.0

2 i 5 4 3
Passes 153,687 2 . 66 a 30.1 22.3 4.9 4.0 2.6
(Other) ... __

aSignificant based on seuential Bonferruni minimuh table-wide significance
level Set at 0.0167 for a table of thre testsi

bjpasses ý by baits- other than mylps i
0 Habita'ts ca. 2 km n frczn B1crn Wind Cave.

d bitats Ca:. 1.3 Ja rnB1 owing Wind 'Cave.
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Tle 5.10. of. 6re-wa analysis of vaan a andS
muitiote-ocie riIs6n test for dif ( of Myoti-s grisescens
hitats R• out t nih at Guntersville Reservoir, Jackson, Alabama,

1992.at -sm d !I are :above avLerage of b .4as fo~llows:. 1,• te.•; 2, iioy m• J, 4- • , flyictibylmC; _5, RelurboC.
• beneath aveces iilcate nosignifignt sbbss.

Tirhir Activity d. f. F-ratiO Results of Tukey's anlysis

2000-22O0 h
1 2 3 4 5

Passes 4,136 1 6 -1 2a 438.8 257,0 106.4 58.5 37.4

puzzles 4,136 7.15a
1 2

21i9 14.4
3 4 5

4.5 2,7 1.9

2 3
19.1 14.1

1 5 4
9.5 o.7 0.4Passes

(Ot.her)
4-,136

2200-0000 h

2 1 3
PaSses 4,138 1 4 49 5 a 225.4 205.5 53.4

5 4
51.8 33.7

2 1
9.8 6.4

3 5. 4
4.7 1.9 1i8E044es 4,0'13.8

2200-0000 h
2

57 .'3
1 3 4 5

6.5 i18 1.6 0.8Passes 4,13_8 7. 9 2 a

0000-0200 h
1 2 4 3 5

5.21a 353.0 238.1 185.8 152.1 148.0Passes 4,138
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Table 5.10.-C6ntinued.

Buzzes 4,138 4.10

Passes
(Other)

4,138 2.97

0200-0400 h

Passes 4,136 1 7 -02a

Buzzes 4,,136 7,40a

3.88

1 2 3 5 4
14.9 10.6 3.8 3.4 3.2

2 1 4 5 3
27.5 24.4 10.7 4.4 3.0

. 2 5 3 4
677.0 403.5 193.7 136.5 112.5

1 2 3 5 4
i8.4 16.0 4.9 4.8 2.1

2 1 4 4 3
31.4 29.9 10.2 6.0 1.8

1 2 5 3 4
573.3 385.2 29.1 12.7 8.9

1 2 5 3 4
17.6 15.3 0.9 0.8 0.4

1 2 5 4 3
42.1 15.1 1.4 1.3 0.4

Passes
(Other)

4,136

0400-0600 h

Passes 4,135 3 1. 2 0a

Buzzes 4,135 1 3 , 0 7a

0400-0600 h

Passes
(Ot~her)

4,135 2.22

asignifi ant basedo sequential Bonferron. i minimu table-wide significance
level set at 0.0033 for a table of 15 tests.

bfHabitats ca. 2 km from Blcwing Wind Cave.
cHabita .Ca. 13 km fran Blowin Wind Cave.
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Table 5.11. •&esults of on- nlysi o variaea and TkV's
multie-compar tisin - sapl 'hur-s used to record vocalizations of

ois grs and other pcie of batsk at Guntersville ReservOir, Jak n
0o., Alabama, 1992. S li hours are listed above the avedage of 6gkb
of activity as fol-ws: 1, 2000-02200 ., 2, 2200-0000 _h; 3, 0000-0200b ; -4
0200-04600 b; 5, 0400-600 h. Lines bent ae indlicate nonsimiicant

Date Activity d.f. F-ratio Results of TUkey's analysis

26-27 June
4 5 1 3 2

9. 1 1a 747.2 691.1 330.3 257.0 101.5Passes 4,39

5 4
2 .1 2 a 39.1 29.1

3 1 2
14.1 10.6 6.9Buz~ze~s 4,39

3 2 1 4
48.7 33.2 33.1 20.7

5
7.8Passes

(Other)
4,139 0.71

7-9 July

Passes 4,191
4 3 1 5 2448.5 380.8 256.0 238.1 175.4

1 4 3 5 2
12.3 11.6 10.2 7.9 7.7

4 3 1 5 2
16.4 7.0 4.2 3.4 2.3

Dizzes 4,191 0.80

7-9 July

Passes
(Other)

4,191 4.26

20-21 July

Passes 4,78
5 1 4 3 2

1.13 325.5 323.7 318.2 210.2 134.3
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Table 5 11. -Continued.

Buzzes 4,78

186

1.94

1.1,1

1 5 -3
15.1 9.1 7.3

3 4 1
20.;5 14.8 14.8

4
4.0

4.0

2
2;4

5
3.3Passes

(Other)-
4,78

3-.4 Ag

Passes

Buzzes

Passes

(Other)

'19ý-20 August

Passes

Buzzes

4,94

4,94

4,94

4,85

4,85

4,85

4,99

4,99

4,99

4.89a

3.27

0.19

4.17

0.,58

2,46

1.53

1. 19

4 5 3 1 2
525.4 261.0 253.5 130..1 120.0

4 3 5 2 1
22.6 14.5 5.6 5.1 4.5

2 5 4 3 1
44.5 40.4 31.2 29.4 20.7

4 3 5 2 1
218M8 192.4 145.0 115,6 60.7

5 4 3 2 3
6.1 4.9 4.4 3.9 3.5

5,
-29.5 4

19. 3
3

8.1
2

.4.2
1

-3.13

31 August-i

Passes

Sept~dtex

Passes
5

178.1

1

16.0

2
42.3

1
168.4

2
6.7

4
22.5

4
123.1

5.8

3
19.9

2

4
4-4

5
17-.6

-3
90.6

3
3.2

5.2

Buzzes

.Passes
(Other)
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Table 5. 11. -Cninued.

15-16 Sped&

Passes 4,95
1 5 2 3 4

6. 23a 122,,.6 45.8 42.2 38.1 12. -2

Buzzes 4,95 9.58a
1

5.5
2 3 5 4

1.5 0.7 0.7 0.3

1 5 3
0. 9 0., 3 0.2

2 4
0.1 0.0Passes

(Other)
4,95 1.35

asignificant based on sequential Bonferroni mirdnium table-wide significance
level set at 0.0024 for a table of 21 tests.

b Passes by 'bats other I.than vMotis ri.
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Table 5.12. -Results of oeay analysis of variancea -anltin1•e-cxmparison s p • P 2 o yotis gis •___g

haitt thes Reservoir. Aalkscnt s
192 aias~are lýisted above avracie miým beofl batp as follows" 1,

Da~te Actixvity d.f. Reraio Psults of Tuk'ev's analysis

26-!27 June
1 2

5.94 555.0 29519Pas-ses 1,39

.Bzzes

(Other)

1,39

1,39

0.42

5.17

1 2
22.0 17.9

1 2
39.6 17.8

7-9 July
1 2 5 4

35.94 647.9 390.3 153.6 148.0
3

125 .8Passes 4,191

Buzzes
-2 3

23.6 15.8 3.4
5 4

3.2 2.44,191 24.83

7-9 JUly
2 21. 5 4 3

12.7 12.5 3.4 3.0 0.8Passes 4,191 4.33

20-21 July
1 2 5 4

17.58 560.9 342.8 72.6 60.5Passes 3,78
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Table 5.12. -Continued

1 2 5 4
13.9 11.6 2.4 2.0Buzzes 3,78 3.92

2 4 1 5
37.0 4.4 4.0 0.3Passes

(Other)
3,78 9.67

3-4 August
1 2

9.55 528.2 440.3
5 3 4

112.7 109.3 85.2Pa-sses 4,94

Buzzes
1 2 3 5

22.6 15.8 6.5 4o84,94 3.77
4

2.4

Passes
(Othr)

4,94 3.04

19-20 August

Passes

Buzzes

Pdsses
(Othr,

4,85

4,85

4,815

4.; 61

1.73

3.35

1 2 3 5 4
83.0 51.3 18.4 4.0 3.3

1 3 5 2 4
241;7 153.3 135.6 1-24.6 78.2

3 1 2 5 4
8.5 5.7 4.3 3.5 3.1

1 4 2 5 3
33.2 8.9 6.8 5.5 0 6

31 August-i September

Passes 4,99
2 1 3 5 4

9.67 331.2 219.5 60.1 33.6 31.8

Buzzes 4,99 6.62
2 1 3 4

21.9 9.7 2.8 1.1
5

0.7
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Table 5.12. ---Continued.

2 1 4
79.3 11.8 11.7

3 5
2.5 2.1Passes

(Other)
4,99 9.37

15-16 September
1 2

16.47 135.0 99.5
4 3

15.1 li. 6
5

9.6Past4es 4,95

Buzzes 4:,95 2.84
.1 2 4 3 5

3.7 2.7 1.0 0.9 0.7

3 1 2 4 5
4.5 2.2 0.9 0.8 0.1Passes

(Other)
4,95 2.18

aSiqrficant based on sequential Bonferrori minirmzn table-wide signfitcano
level set at 0.0024 for a table of 21 tests.

babitats ca. 2 )n fran BllowiM Wind Cave.
CIA'ait's ca. 13 "k frim -6cowing Wind cave.
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Fig. 5.1. -Sites at Guntersville Reservoir where vocalizations of foraging
M~at a9rise were recorded during 1991 and 1992: A, North Sauty orth of

ighway 72 (1991); B, North Sauty south of Highway 72 (1991 and 1992); C,
historical channel of Tennessee River (1992).
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Fig. 5.2. -Aver;age rumber of passes of gray bats ( is. grr) recorded
anmon five habitats thrmxoAot the night at Guntersville Reservoir, Jackson
Co., Alabama, 1991.
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Fig. 5.3.--Average rutrber of buzzes of gray bats ( gri recorded
among five habitats tlrh the night at Qatersvi-le Reservoir, Jaacson
Co., Alabamai 1991.
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Fig. 5.4.--Average humber of pagss of species of bats, dther than -Mypati
MgM , that were recorded amirg five habitats thrm4=t the night atdziErsVille Reservoir, Jackson Co., Alabama, 1991.
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Fig. 5 5. -Average, imber of paSSe of gry bats (Mq• : recorded
,nw five babitatý trhih i the mmmr durir seven saxr1izM, sessions at

Guntersilhe Reser~voir, Jackson i:o., Aba 1991.
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Fig. 5.6.-Ave-rge numb& of buzzes of gray bats (q t) recordedamngr five habitats thrahcsot the s am ar during sven sa sessions at
Qinhrsil1e Rese voir, Jackson Co., Aliabamd, 1991. pigss
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Fig. 5.7.--Average humber of passes of Ispies of bats, other than I ILs
i that we're rei ,dd r five habitats dui s-AJven san•. ag9

ses~sions At 6Lnersie Resezrvoi±r, Jackson Co.,, Alabama, Suer 1991.
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Fig. 5.8. -Average number of passes of gray bats (M tis) recorded
awmon five habiats th"r ou the night at Guntersville Reservoir, Jackson
Co., IA.aba:a, 1992.
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Fig; 5.9. -Average number OOfbuzzi o gray bats (.) reaorded
owng five habitats tr hc the night at 6ztersville Reservoir, Jackson
Co. j Al.aama, 1992.
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Fig. 5.10.--Average n.mber of passes b species of bats, other than Moti
A rre, da among five habitats thr•hcut the night at Gutersville

roir, Jackson Co., Alabami 1992.
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Fig. 5. 11.-AVerage rmber of passes of gray bats re•d )ed
among five habitats during seven samplig Ssions at Gdn ille AReservoir,
Jackson Co., AIa6b2a, smu~r 1992.
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Fig. 5.12.-Average nMter Of bizes of gray bats 1 a rl) edr-
aITnr f ive habitats dur'ix seven sanjlirg sessions at. diiytdrilMe 'Re-servo,
Ja o Co., Alabama, smwr 1992.
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Fig. 5.13. Average number of passes of species of bats, other than =i
grisesc , recorded amnong five habitats during seven sampling sessions at
bu nt&- le Reservoir, Jackson Co., Alabama, 2amzer 1992.
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A • x 5.1. -- sampliM sessions, saml times,
sizes used to c vocalizations of MIyotis gri • five habitats
within 2 Io Of BWo d Wd' bCave, C co., Ala 191. Habitats s
are as follows: 1, a twr; 2A , Myriojylum; .3, ehlumbo; 4, forest; 5,
field.

Samniing Date Sanplr Habitats
session time 1 2 3 4 5

!

1 25-26 June 2000-2200 5 5 4 1 4
1 25-26 June 2200-0000 5 4 2
1 25-26 June 0000--0200
1 25-26 June 0200-0400
1 25-26 June 0400-0600

1 26-27 June 2000-2200 5 5 4 1 5
1 26-27 June 2200-0000 5 5 4 1 5
I 26-27 June 0000-0200 5 5 5 1 4
1 26-27 June 0200-0400 5 5 5 5
1 26-27 June 0400,--0600 5 4 5 2

1 27"28 June 2000-2200 5 5 5 1 5
1 27-28 Jue 2200-0000 5 5 5 1 5
1 27-28 June 0000-0200 4 4 4 2 5
1 27-28 June 0200-0400 5 . 1 2 5
1 27-28June 0400-0600 5 2 2 2 2

1 28-29 June 2000-2200 5 5 5 4
1 28-29 June 2200-0000 5 5 5 5
1 28-29 June 0000-0200 5 5 5 5
1 28-2.9 June 0200-0400 5 5 5 1 5
1 28-29 June 0400-0600 5 5 5 1 5

2 8-9 July 200.0-2200 1 5 5 3 4
2 8-9 July 2200-ooo 4 5 5 3 5
2 8-9 July 0000-0200 5 5 5 3 5
2 8-9 July 0200-O040 1 5 5 3 5
2 8-9 July 0400-6,00

2 9-10 July 2000-2200 4 5 5 5 5
2 9-!10 July 2200-0000 4 5 5 5 5
2 9-10 July 0000-0200 5 5 5 5 5
2 9-10 July 0200-0400 5 5 5 5 5
2 9-10 July 0400-0600 5 5 5 .5 5

2 11-42 July 2000-2200 5 4 5 5 4
2 11-1-2 July 2200-0000 5 4 5 5 5
2 11-12 July 0000-0200 5 5 5 5 5
2 11"12 July 0200-0400 5 5 5 5 5
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Appendix 5. l.--Continued.

2 11-12 July 0400-0600 5 5 5 5 5

3 22-23 July 2000-2200 5 5 5 4
3 22-23 July 2206-•000 2 5 5 5 4
3 22-23 Jkly 0y00-0200 1 5 5 5 4.3 22-23 Joly 02.00-r0400 5 5 5 4
3 22-23 July 0400-0600 5 5 5 5 3

3 23-ý24 July 20o002200 1 5 5 5 33 23-24, Juiy 2200-4,060 5 5 5 5
,3 23-24 July 0000.0200 5 5 5 5 53 23-.24 Juy 0200-0400 5 5 5 :5 5.3 23-24 Jul ,40000 5O 5 5-.5 5

3 26-271 Jly 2000-/2200 5 5 5 5 53 26"27 Jully 2200-0000 5 5 5 5 3
3 26-27 July 0000"0200 5 5 5 5 3
3 2 6-627 Jail y 0200-ý!,0400- 5 5 5 5 53 26-27 July 0400-0.600 5 5 5 5 5

4 5-6 Aucst 2000-2-22o 3 5 5 5 5
4 5-6 August 2200-0000 5 5 5 5 5
4 5-6 August 0000-0200 5 5 5 4 5
4 5- AugLst 0200-0400 5 5 5 5 5
4 5-6u 0400-0600 5 5 5 4 5

4 67 August 200.02200 5 5 5 5 5
4 6-7 August 2200-0000 5 5 5 5 5
4 6-7 August Q0o2o0 5 5 5 564 7A8g• 0200-400 5 5 5 5 5
4 S7August 0400-06 5 5 5 5 5

4 7--8 August 2000-2200 5 5 5 4
4 7- August 2200-0000 5 5 5 4
4 7-8 Auust 0000-0200 5 5 5 4
4 7-8Agt 02000 1 5 5 5 4
4 7-8 A xu st 0400-0600 5 5 5 4

5 2 0-21 ,August 2000-2200 5 5 5 5 5
5 20-21 August 2200-0000 3 5 5 5 5
5 21-2 i uust 0000-...0200 5 5 5 5 5
5 20-21 August 0200-0400 4 5 5 5 5
5 20-21 August 0400-0600 5 5 5 5

5 21-22 August 2000.--2200 5 5 5 5 5
5 2-1-22 Airpust -2200-0000 5 5 5 5 5
5 '21"22 August 0000-0200 .5 5 5 5 5
5 21--22 August 020*0-0400 5 5 5 5 5
5 2-1-22August 0400-06 ;00 5 5 5 5 S5
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Apendix 5.1. -Continued.

206

22-23
22-23
22-23
22-23
22a-23

August
August
A4ugst
August
August

3-4
3-4

3-4
3-14

4-5
4-5
4-5
4-5
4-5

5-6
5-6
5-.6
5.6
5-6

September
September
September
Septarer
September

-September

September

September
September

-2000-2200
2200-0000
0000-t0200
0200--0400
0400-0600

2000-2200
2200-0000
0000-0200
62060-0400
0400-0600

2000-2200
220o-00o0
0000-0200
0200-04000400-0•60

2000-2?00
22oo-o0oo
0000-0200

0200-0400
0400--0600

2000-2200
22100-'000.0
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
O.O00-0200
.0200-0400
0400-0'600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

17-18
17 -18

17-18
17-18

17-19

18-19
18-19
18-19
18-19

Septeftber

Sept-emiber
Sptember

Septewbr

September
September
Sepiteber
Septeanbt-r
Sip tA, er

19-20 tember
19 -220 Septembe
19-;20 Sep er
19-20 September
19-2 0 September
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sizes used to reoord vocalizations of Myotis grisescens p five habitats
wi 2, and 1_ km of 6 B W Cv, Jackson Co., A, 192. Habitats
sap~ 'ar~e a's follo"ws': 1, oijh-wt.a; 2, Mrkhylu1 enwet p D 41
Myrioýhy~llUm; 5, NeluMbou.

SaTl ing Date Sanling Habitats.
session time 1 2 3 4 5

26-27
26-27
26-27
26-27
26-27

June
June
June
June
June

7-8
7-8
7-8
7"8
7-8

July
July
July
July
July

8-9 July
8-9 'July
8-9 July
8-9 July
8-9 July

20-21 July
20-21 JUly
20-21 July
20-21 July
20-21 July

2000-2200
2200-0000
00,00-0200
0200-0466
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0o00o-02o00
0200-0400
0400-0600

2Q0o-2200
2200-0000
0000-0200
0200-0400
0400600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200

2200-0000

4
4
4
4
4

4
4
4
4
4

4
4
4
4
4

4
4
4
4
4

4
4
4
4
4

3,-4
3-4
3-.4

3-4
-3-4

August
August
August,
A~upst
Augus;t

4
4
4
4
4

4
4
4
4

4

4
4
4
4
4

3
3
4
4
4

1
2
2

5
5
5
5
5

19-20
19-20
19-20
19-20
19-20

August
Aixust
August
AUgust
August

6 31 August-
1September

6 31 August-
1 Septenber

4 4 4 4 4

4 4 4 4 4
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Apendix 5.2. -Continued.

6 31 A6u "t-
I Se'ptember.

6 3.1 AWgust-
1 Sept~ember

6 31 AUgUSt-
1 September

0000-0200

0200-0400

0400-0600

2000-2200
2200-0000
0000-0200
0200-L-0400
04006-0600

4 4 4 4 4

4 4 4 4 4

4 4 4 4 4

4 4 3 4 4
4 4 4 4 4
3 4 4 4 4
3 -4 4 4 4
3 4 4 4 4

7

7
7
7

15-16
15-16
15-16
15-16
15-16

septkbe
September

Septeipber
Septaidber

allabitatsNaitats ca. 2 km frum Blowing Wind Cave.
ca. 13 km frm Blowirng Wirn cave.
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Append~ix 5.3. --arl dates, r tinres, numbter of minute~s recorded
eac sm t (n"), ad toital ~n of M an buzze of Myotis
grise scens i? of h i o a j• g habitats within 2 km
ojf Blow Wirhvdi ve, Jackson 66., Alabamna, 1991.

Sampaiing
Habitat Date time n Passes Buzzes Other

Open-water

25-26 June

26-27 June

27-28 June

28-29 June

8-9 July

2000-2200
2200-0000
0000-0200
0200-04,00
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400

4o00-0600

000-22o00
2200-"000:0
0000-0200
0200-040
0400-0600

20o0-o20o
2200000
0006-0200
0200-0400
0400-0600

2000-2200
.22 ,00-0600

q,,00Q-0200
0200-0400
0400-0600

464
231

419
4-23
473
468
467

42.3

445
266
469
463

468

472
436
457

46
185
264

47

572
120

1,107
550

2,470
6,925
2,631

318
399

1,177
3,281
1,333

1,35.6
2,3127
2,939
3j,476
2,037

411
164
760
136

11
1

39
30
19

.101.

28

9
26

133
43
25

42

33
204
61

6

12
7

31
1

1
10

0
8
0
3
5

3
-114

5
4

70

2
71

217
4

15

21
45

0

Cen-water

9-10 July 2000-2200
2'00-0000
0000-0200
0200-0400
0400-0600

187
235
376
464
408

397
474

1,o56
2,893
3,421

13
5

12
36
37

15
43

113
155

3
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Appendix 5.3. ---Continued.

210

11-12 July

22-23 July

23-j24 July

26-27 July

5-6 August

6"-7 August

7-8 August

2000-2200
2.200-0000
0000-0200
0200-0400
04060-0600

2000-2200
2200-0000
0000-"o0200
0200-0400
640-6-o0

2000-2200
2200-0000
0000-0200
0200-0400
.0400-0600

2000-2200
2200-0000
0000-0200

040o-0600

2000-2200
2200-0000
0000-0200
06200-04-00.

0000-0200
0200-04000400•-0600

:2000-2200
2200-0000

0200-0400
0400-0600

421
459
417
472
330

96

47

235

45
237

400
399

236
442
420
440
23-3

138
228
465
461
229

466
208

4
467
181

237

47
468

3,398
1,241

998
3, 272
4,450

191

95

1,783

22
1,102
1,598
3,897
3,935

159
324
774
521
667

344
399

1,327
2,025
1, 074

1,280
345

7
3,122

784

734

369
2,812

155
17
24
64

177

11
0

89

80

13
14
22
21

42

25

15
4

12
49
12

37
15
0

52
24

19

6
137

0
0
0
0
0

1
0

1

0
0
0
0
0

1
24

16
24

7
7

"18

569

65

34
0

179
33

21

7
6

Opbn-rAoter

20-21 August :2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

190
213

74
278

365
231
174
427

12
2
1
6

169
211

1
20
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A4pendix 5.3. -Cotirued.

21-22 August

22-23 August

3-4 Septzmber

4-5 September

5-6 Septe~er

17-18 September-

18-19 September

2000-2200
2200-0000
0000-10200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-24200
2200-0-00'0

0200--ý040Q
0400"0600

,200o-22o0
2200-0000
0000-0200
0200-0400

2000-2200
2200-0000
0000-0200
0200-0400
0,400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-O600

301
230
169

67
402

534
446
3412
347
196

249
189
.237
471
385

492
447
450
428
357

481

461
448
371

545

441
300

306
418
384

802
175

74
233

2,399

934
424163
504

1,390

261
18.16
3051,451

1,'624

1,130
1,221

864
885

2 j,643

1,162
968

92e
1,144
2,667

1,785

593
458

1,803

1 44
75

106

29
0
0
4

61

20
7
1

15
33

12
13

4
18
74

42
62

7
12

151

63
20
18
39

204

61
12

8'

5
88

14

3

2
0
0
0

12

21
12

1

13
16

2

0
3
6

5
.2
0
0
'0

106
18
30
29

36

28
1

0
2

2-8

16

open-water

19-20 September 2000-2200
2200-0000
0000-0200
0200-0400

O40O-0600

435
388
319

83
99
18

0
7
0

8
i0
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Apedx 5.3. -- cntinued.

25ý-26 June

26-27 June

27-28 June

28-29 June

8-9 July

9-10 July

2000.-2200
2200-0000
0000-0200
0200-0400
64400-0600

2000-22002200-0000

020-04000
04,00-'0600

o4b-0•o6oo2000-2200
2206-000,
0000-0200
0200-0400
0400-06000

2000-2200
220-o0000
0000-0200

02o0004o00

0400-0600

2000-22.00

0000-0600
6ooo-O`o`

0200040

040--0600

2000-2200
2200-0000
0o00-0200
0200-04Q00
0400-0600

2 000 00

020:0-04600
0400-0600

449

463
450

417
278

222
4'25
233

47
8ý4

462
4445
471
429

15

441
.512
468
236

475
444
443
321

240
32 8

467
468
356

1,978

1, 581

267
550

281
158

56
1.95

14
25

637
338
3162
2"35

505
38.7.
176
166

54,0
737
243
258
551

332

81
6
42

12

0
7
0
,i
0

9

12
3

4

ý4
4

33

-13

21

0
0
0
0
0

0

5
0

4
6

10
16

0

53
41
A9
.5

32
164

7
1

33
16

a,
17

11-412 July 630
528
164
229
657

13
26
4

25
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Appendix 5.3. -- Continued.

22-23 July

23-24 July

26-27 July

5-6 August

6-7 August

7-8 August

20-21 August

21-22 Aust

2000-2200
2200-0P00
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
04600-600

2000-2200
2200"0000
0000-0200
0200-0400
0400-70600

2000-~2200
22o00-0•000Zoo-o~oo
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-o04o
0400-0600

2000-2200
2200-0000
0000-0200
0200-040o
0400-0600

2000-2200
2200-0000
0000-o200
0200-0400
0400-0600

2000-220o
2200-0000
0000-0200
0200-0400
0400-0600

336
491
422
465
421

468
423
464
464
422j

444
461
462
470
461

509
379
455
446
448

451
4681

445
439

511
45I
454
448
446

449
463
482
459
472

459
460
398
463
454

469
1,231

182
411
458

912
632

-521
970
ý845

491
370
838
795

1,1082

476
426
284
254
279

285
196
317
423

441
790
701
574
639

258
436
2•32

1,584

196
70
39
52

483

18
24

6
1ý5
12

3
0
5

16
7.

,4
23
32
22
19

1.2
13
7
5
0

11
3
2

16

2

1138

8
10

1

7
26
15

5
47

3
0
0
2
6

11
88
13
22

6

20
56
5'

42
1

4
4

20
0

159

1i8
13
56

1
5

.14

349

78

278
289
284

:82
36

8
0
4
3
1

19
0
0
0
0
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5. 3. ---- ntinued.

22-23 August

3-4 Septerber

4-5 Septenber

5-6 Septeb

17-18 oSeptenber

.19-20 -Sept~ftber

2000'-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200;-000026obb-62'o0Oo000-0200
0200-0400
0400-0600

2000-2200
2o00-000o
'0000-0200

0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
22.b0-0000
0000-0200
0200-0400
0400-0600

2000-2200
22000000

0200-0400
0400--0600

2000-2200
2200-0000

0200-0400
0400-0600

497
456
471
427
439

447
469
480
464'
4489

386
4174
4613
453
451

506
478
466
497
449

460
444
464
448
459

270
483
45o

-3

482
419
388

442'
404

145
140

7.7
57

542

151
578
498
128
130

2-11
133

105
68

212

418
231
738
148
-278

333
93
70
85

291

36
40
57

6

68
83

7
25

134

2
4
1
1
7

-49
59

8
13

10
14
3
3

47
19

201.
13
i5

3
5
3
0

0
0
0

6
8

6
21

40
30

1
2
0

33
252
145

95
3

22

36
-21
16

8
27
50

0
0

26
5
5

13
5

8
3
3
1

39
26

7
2.2
68
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ApendiX 5.3. -Continued.

Nelumbo

25-26 June

26-27 June

Neizb6

27-28 June

28-29 June

8-9 July

9-10 July

2000 -2200
2200-000b
0000-0200
0200-0400
0466-00600

2000-2200
22d00-0000
0000:-0200
020- io,0400

0400-0600
2000-2200
2200-0000
0000-0200

0200-04200nooo-640oo

0,400-0600

2000-2200
2200-0000
0000-.0200
0200-0400
0400-0600

2000-2200

2200-0000
0000-0200
0200-0400

0400-0600

12000-2200-

0000-0200
6200-0400
0400-0600

2000-2200
2200-0000
0000-0600
0200--0400
0400'-0600

288
78

636
38

58
6

289
3ý5
350
464
204

168

452
212

54
93

41,2
439
372
387
499

466
44.7
.4 14
253

452
467
4445
451

278

410
484
487
441
277

348
167
148
133

60

j8
220

68
26

0

465
372
122

59
82

691.
1.28

91
107

1,-241
135
i14
146
3.95

1,992
477
136
186
667

10
i0
1

0

o

0
4

1

62

9

26

1
1
3

19

6

.96

1

168
43

22

25
5

0

9
11

5
0
0
0

0
16

7
8

34

137
'-39
19
2

35

23
1

11-12 July 0
10
19

7
1
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Apendix 5.3. -Continued.

22-23 July

23:-24 July

26-27 July

Nelumbo

5-6 August

6-7 August

7-8 August

20-21 August

21-22 August

2000-2200
2200-0000
ooo0-0200
0200-0400
O4O0-O6OO

2000-2200
2200-0000
0000-0200
0200-;0400
0400-0o00

2000-2200
2200,0000
0000"0200
02ý0004 Q00
0400-06d0

2000-2200
220-0oo00
0000-0200
0200-0400
0400o.')-600

2000-2200
22.00-000'0

00.00"0200
o200-0400
0400-0600

2000,-2200
220-,0`00
0000-0200
o2oo-o400
04 00-0600

2000-2200
2200-0060
0000-0200
0200-04 00
0400--0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

432
454
463
362
241

446
467
435
479
391

1,598
450
122
142
333

1,440
8152.62
3 31

1,110

180
32

2
2

25

0
1

10

441
477
47,1
461
382

467
479
480
433
469

401
411.
469
476
449

47.3
470
454
464
462

430
480
478
470
450

476
459
460
458
389

683
246

.89
56

479

27
4

0
7

2,672
1,206

549
712
415

2,536
441
455
232
467

1, 851
750
512

1,061
691

385
103
155
214
352

1,046
-287

94
133
295

121
81
44
19
35

22
7
0
0
0

71
118

38
23
25

129
23
11
14
11

41
18

54
82
15

35

3

7
6
I

97
12

0
2
2

322
0

4
29

8,6

4
5

328
1.2

4
638

1

6
2

197
49
1 ,2

66
0
3
9
2

1

0
0
0
2
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Apperdiix 5.3. -Continued.

22-23 August

3-4 September

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

464
467
468
469
456

413
355
474
468
467

1,984
958
115
146
399

1,491
3,161

741
449

83

103
49

2
3

12

34
200

92
42
2

81
16
0
3
0

351
490
734
513

3

Nelun,

4-5 September

5-6 Sept ber

17-18 September

18-19 September

19-20 Septmbxer

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
040O-0600

462
449
467
463
466

449
449
451
462
450

458
476
467
4.70
465

192
474
437

463
451
445
472
456

3,053
892
434

97
184

948
2,472
1,299

335
204

571
ill
155
193
137

24
53
58

51
37
22

115
165

288
75
22
17

7

103
412
211
21

3

40
0
1
2
0

0

4

0
1
0

11
8

325
163
542
339

13

398
13
10

6
9

3
3
9
7
0

2
0
1

3
4
6
4
8
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Appendix 5 3. -- Continued.

Forest

218

25-26 June

26-27 June

27-28 June

28-29 June

Forest

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-`2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0O00-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

83
61

96
48
96

48
47

192
144
192

98
11

6
1
1

3
0
9

12
10

3
.0

0
-0
0

1
0
0
'0
0

0
0

0
0
0

0
0
0
0
0

96
96

34
91

8-9 July

9-10 July

11-12 July

181
267
287
139

451
438
461
461
451

467
456
467
439
357

-21
16
22

3

66
43
38

160
99

159
23
61

429
170

0
0

1

2
0
0
2
0

3
0
2

4
0

0
0

0
0
0
0

0
0
0
0
0

0
0
0
0
0

i
i
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Apendix 5.3. -Contihudd.

22-23 JilV

23-24 july

26-27 July

5-6 Alugut

6-7 August

Forest

2000-2200
2200-0000
000.0'.-;0200
0200-0400
0400-0600

2000-2200
2200;-0000
0000-0200
0200.-40400
0400-o0600

.2Q0--2200
2200-0000
0,00-0200
0200"0400
0400-ý0600

20.0-22002200-0000
0000-0 00
0200-0400

0400-;0600

2000-2200
2200-0000

0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-;06000

2000-2200
2200-0000
0000-0200

2020-04•00
0400-0600

20o0-22o0
2200-0000
0000-0200
0200-0400
0400-0600

461
459
458
465
406

461
470
451
426
458

413
491
456
389
396

402
35:3
, 245
-487
286

26
3
8

,20
44

55
22
16

154
341

53
5
2
3

50

-6
3

10
-3
4

0
'0

0
0
0

0

0
0
0

0
0

00

0

0
1

7i-8 August

20-21 August

21-22 Aucust

457
425

455
426

429
400
453
407
231

349
375
475
346
337

.409
424
462
482
416

2
0
0
.6

12

0
28

201
60

4
8
2
6

21

19
1
4

19
102

0
0
0
0

00

8•

0
0
0

0
0

0
0
00
0

0
0
0
0
0

.0
0

18

2
17

0
0
0
0
1

0
0
0

0
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Aperx 5.3. -Continued.

22-23 August

3-4 September

4-5 September

5"-6 September

Forest

17-18 September

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-00000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-060(0

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
.0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

500
504
444
438
413

471
481
445
486
375

448
450
461
482
340

477
401
486
424
424

9
10

2
16

120

28
48
42
22
32

24
10

5
73
44

8
2
8
5

40

0
0
0
0
6

6
1
0
0
0

14
3
0
3
0

12
0
0
0
0

18-,19 September

19-2 0 September

481
440
373
443
246

154
243
227

296
236
252
274
242

17
0
0
8

44

2
4
0

36
35
41
34
52

1
0
0
0
0

0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
1

0
0
0
2
1
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APpendiix 5.3. -Contiiued.

Field

25-26 June

26-27 June

27-28 June

28-29 June

8-9 July

9-10 July

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0-600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
.0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0260
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

365

326
471
362
420
139

452
456
406
409
152

354
468
443
410
488

374
467
463
236

156

8
3

12
4
1

27

4
15
37

433

24
11
31
11

102

56
34
56
72

3

1
0
0
0
0

2

0

0
45

0
1
2
0
2

2
0
0
0

47

9
17

7
6
1

1
1
3

0

0

0
0

0

1
0

o

Field

393
417
457
467
:382

252
410
479
466
319

125
32
56
87

163

49
24
57

112
218

1
0
0
0
3

20
0
0
:2
5

11-12 July 3
0
1
1

15

5
0
1
0
4
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Apený 5.3.--Continued.

22-23 July

23-24 July

26-27 July

5-6 August

6-7 August

7-8 August

-20-21 Amyast

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000'-2200
2200'-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-6200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-21200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2;2200
2200-0000
0000-0200
0200-0400
0400-0600

349
368
368
361
115

213

382
466
437

460
275
172
467
431

505
451
480
482
458

476

457403

461
453

410
3.66
335
348
357

36
8

16
36
53

1i9

44
117
487

67
15
21
39

351

:261
68
78

103
158

83
23
24

178
157

55
38
37
63

187

0
2
0
0
1

2
8

13

1
0
0
1

7

8
2
2
5
7

1
4
5
3
4

3
6
6

21

5
0
0
0
0

9

2
4
9

0
0
2
4
0

209
25
25
-3-8
28

1

2.2
36

0
13

0
8
7
7

12

Field

487
414
379
472
399

491
458
479
328
384

72
36
28
37
73

57
36
52
49
82

1
0
0
1
0

10629
36
2o

9

62
4

21
5

30

21-22 August 3
13

1
2
1
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Appendix 5.3. -- Continuied.

223

22-23 August

3-4 September

4-5 September

5-6 September

17-i8 September

18-19 September

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

459
476
430
462
431

398
412
422
479
455

476
438
472
365
420

479
426
476
436
443

460
426
464
418
140

268
457
476

3

40
14
42
56

197

53
76

118
92
68

27
44
41
66
29

17
13
28
29
98

40
15
39
55
94

13
18
44

0

0
0
0
4

11

0
4
0
3
3

0
0
0
0
2

0
0
0
0
1

0
0
0

2
3

1
1
1
0

2
3
1
3
3

9
.4

69
5
1

3
6
2
4
1

0
0
0
0
1

0
2
5
2

3
3

11
0
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Apendix 5.3.-Contimied.

Field

224

19-20 September 2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

476
404
389
453
467

40
29
13
62

105

0
0
0
1
4

13
7
0
2
0

Total Minutes Passes Bzzes Othera

197,507 223,664 8,547 15,069

aPasses of bats other than M1oti grissns.
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Appendix 5.4.--Results of one-way o of varancea and TUke's
multiolg-gg~arison tests amng t of rjdi activity f Myotis
grisesceris and o seies of bats at Guntersville Resxi, Jackson Co.,
Alabama, 25-28 jg, 1991. S lin are 1 • _ average of
eadii activity as foll ws: 1, 25-26 June; 2, 26-2. e; 3, 27-28 June; 4,
28-29 June. • beneath indicate norsirnificant subsets.

Activity d.-f. F-ratio Results of Tukey's analmsis

2 4 1 3
Passes 3,314 1.95 202.9 166.5 146.9 105.1

1 4 3 2
Buzzes 3,314 6 . 27 a 16.8 5.0 4.4 4.0

1 4 3 2
Passes 3,314 1.00 5.1 4.3 2.9 1.1
(other)

asignificant based on sequential Bonferroni minimm table-wide significance
level set at 0.0167 for a table of three tests.
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Appendix 5.5.-- o analysi_ o varo a a and TUke'
multipl aison tests n Qaof t t of Myotis
grisesoens ard other sc. e f bats at Gun sille Pexypjo, Jackson Co.,
Alabama, 8-1__1 Jly, 199_1. g are Ij above the average of each
activity as follows: 1, 8-9 Jly; 2, 9-10 Ju y; 3, 11-12 J Lines beneath
averages itndicate ronsignificant subsets.

Activity F-ratio Results of Tukey's analysis

3 2 1
Passes 2,326 8 . 1 7 a 221.7 136.2 73.0

3 2 1
Buzzes 2,326 8 . 3 0 a 8.4 2.9 2.2

1 2 3
Passes 2,326 1.17 7.0 6.8 3.3
(Other)

aSignificant based on sequential Bonferroni minidmm table-wide significance

level set at 0.0167 for a table of three tests.
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Appendix 5.6. -- Results of One-way analysis of variaca and Tukey's
multiDle-cmwarison es a of r activity of Myotis
grisescens and other sperie of bats at Guntersville Reservoir, 9a .,
.l N JjQy, 1991. SmElin are I abvthe of
eac activity as follws: 1, 22-23 July; 2, 23-24 j•y; ., 26-27 JulW ing.
beneath av ndicate noniLsinficant subsets.

Activity d.f. F-ratio Results of Tukev's analysis

2 1 3
Passes 2,336 1 2 , 2 7 a 227.9 111.8 82.6

2 3 1
Buzzes 2,j36 4 . 1 7 a 6.0 2.4 i.8

3 1 2
Passes 2,336 1.17 5.8 5.4 2.7
(Other)

aSignificant based on sequential Bonferroni minimum table-wide significance
level set at 0.0167 for a table of three tests.
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Appmiix 5.7. -s of e-w analys of ad
miltiple-- rison - a ni of r activity of Myotis
gr's•escens and ei of. bats at Guntersville Reservoir, Jackson Co.,
Ala 5-8 1991. SMl nights are listed above the average of
each activity as follows: 1, 5-6 ; 2, - ; 3, 7-8 . Lines
beeth ave e indicate nonsignificant subsets.

Activity d.f. F-ratio Results of Tukey's analysis

3 1 2
Passes 2,348 0.05 139.4 134.4 130.3

3 2 1
Buzzes 2-,348 0.62 5.3 4.1 4.1

2 1 3
Passes 2,348 0.20 19.8 18.6 14.0
(Other) __

asignificant based on sequehtial Bonferroni minimum table-wide significance
level set at 0.0167 for a table of three tests.
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.Apenix 5.8. -- ResU of e- analysis of variance and Tukey's
multiDle-ccr)arison a ao nh of r d activit of Myotis
grisescens and other spei of bats at Guntersville Reservoi, Jackson 0.,
Alabama, 2- 1991. Spling are listed above the e of
each activit' as follows: 1, 20-21 _ ., 21-22 ; 3, 22-2- s
Lines beneath aidi nonsignificant subsets.

Activity d. f. F-ratio Results of Tukey's analysis

2 3 1
Passes 2,365 0.19 81.7 80.9 70.8

3 2 1
Buzzes 2,365 0.21 2.5 2.5 2.0

1 3 2
Passes 2,365 6.78 12.8 2.2 1.6
(Other)

aSignificant based on sequential Bonferroni minimum table-wide significance
level set at 0.0167 for a table of three tests.
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Appendix 5.9. -ResUlts of one-way a yi of varianwea I TUkeI
mltiple-garison tests nicihts of reco activity of Myotis
grisescens and speci of bats at autrvile Reservoir, Jackson Co.,

A 3-5 1991. gain are listed above the average of
eac activity as fo : 1, 3-4 4ete-be; 2, -5 S _, 5-6
Sep r. Lines beneath a irdicate nonsicgnificant subsets.

Activity d.f. F-ratio Results of Tukey's analysis

3 2 1
Passes 2,372 0.13 129.0 117.2 116.0

3 2 1
Buzzes 2,372 3.23 12.5 6.8 6.1

1 2 3
Passes 2,372 3.37 23.8 13.2 6.4
(Other)

asignificant based on sequential Bonferroni minimum table-wide significance
level set at 0.0167 for a table of three tests.
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Ameruix 5.10. -Relts of analy of variancea and Tukey's
mIltiple-cxmvarison tests Q ro activity of Myotis
grisescens and s i of bats at Guntersville Reservoi,, Jackson Co.,
Al 17-2 e 1. Saming h are list1 above the averageof e activity as fo i, 17-18 se~br; 2, 18-19 3 3, 19-20

, Lines beneath a • iindicate nonsignificant subsets.

Activity d f-ratio Results of Tukev's analysis

1 2 3
Passes 2,296 1 6 . 4 3 a 71.1 15.7 14.4

1 3 2
B=zzes 2,296 4 . 0 4a 2.3 0.8 0.5

3 2 1
Passes 2,296 3.55 2.5 2.1 1.0
(Other)

aSignificant based on seuential Bonferroni minim=m table-wide significance
level set at 0.0167 for a table of three tests.
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Apperxi~ix 5.11.-_apln dates, l times, ni .e of recorded
each sm time (n), and nme of ps and buzzes of Myotis

grisescens and g o of batsa amorm five habitats within 2
and 13 km of Bai Cave Jackson Co., Alabama, 1992. Habitats sa
are M follows: 1 e 2 yriclyllumb; 3, terC; A,

MyriophyllumC; 5, Nelumboc.

Habitat Date time b Passes Buzzes Other

Open-waterb

26-27 June

7T-8 July

18-9 July

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-06600
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

369
360
392
316
350

281
418
374
381
349

37.3
376
381
372
318

324
392
378
360
310

329
372
369
375
373

1,565
310

1,130
3,715
2,907

1,631
1,367
1,432
2,450
1,307

3,4'63
2,469
3,245
3,360
2,572

2,627
884

1,122
2,5,60
2,195

1,0il
517

2,013
4,107
2,117

47
18
58

142
124

148
61
65
69
51

144
88
85
38
79

109
9

14
28
80

36
15

191
158

-15

105
41

150
34

6

i1

25

18

19
13
63

138
26

1
14
14
39

1

80
67

341
360
712

20-21 July

3-4 August

opem-wterb

19-20 August 2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

283
386
334
363
326

224
354
846

1,517
1,288

6
2
10
31
55

28
36
77

103
356
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Apeni 5. ll.---cmiti.pu

31 August-
1Septexiber

15-16 Septen*,er

.26-27 .June

7-8 July

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0OOO-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-;0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2G000-2200
2200-0000
0000-0200
0200-0400
0400-0.600

285
380
326
350
298

535
311
298
243
298

378
367
376
376
317

360
375
383
368
316

379
377
331
374
242

339
269
326
374
297

405
350
397
384
352

379
260
182

1,079
2,003

1,423
163
240
119

617

892
427
844

1,327
1,699

212
472
901

1,729
i,229

1,608
1,154
i, 956
2,577
1i563

1,266
494
727

1,398
1,384

228
733"

1,059
4,121
2,165

15
3
5
45
61

58
2
3
4
8

32
32
50
61

134

14
39
59
93
65

17
8

31
52

131

2
0
0
0
2

143
201
225
120

41

56
40
29
92
52

8-9 July 61
42
61
97
38

537

27
107

0

20-21 July

-3-4 August

56
6

49
25
36

4
28
24

177
64

218
37

213
147
41

17
597

88
205

13
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Appendix 5.11. --Contiuied.

Myigmy1imb

19-20 Augost

31 August-
1 September

.15-16 September

2000-2200
2200-0000
0000-0200
0200-0400
G400-0600

2000-2200
2200-ooo,
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

422
396
355
352
225

313
347
320
336
410

518
360
288
323
457

295
1,156

230
244
301

1,291
1,393

602
529

1,292

1, 192
453
214

36
254

16
25
11
7

16

176
99
27
21
47

33
14

6
0
6

20
20

1
2

52

37
685
164
261
214

18
2
2
0
2

cpen--waterc

7-8 July

8-9 July

3-4 August

19-20 August

2000-2200
2200-0000
0000-0200
0200-(0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-04'00
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

362
379

372
381
360

374
378
325
357
355

251
214
260
381
339

92
93

187

183
396
617
544

9

772
111

794
1,15.3

1?2

465
170
325
550
119

114
i8

782

13
46
13

5
0

12
3

11
23

0

15

9
15
55
10

14
18
20

0

12
0

6
0
1

10
0

189
18
46

4
2

0
0
4

186 27 30
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Appendix 5.11. -- Continued.

31 August-
I Septmer

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

353
358
376
367
557

181
215
374
254
113

7
16
15
10
4

13
13

4,
8

10

open-watprc

15-16 September

7-8 July

8-9 July

20-21 July

2000-2200
2200-0000
0000-0200
0200-0400
0400--0600

2000-2200
2200-0000
0000-0200
'0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0460

0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
04000606b

2000"2200
2200-0000
0000-0200
0200-0400
0400-0,600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

329
275
382
369
492

330
378
328
357
380

37.1
355
327
327
322

371
368
370
314
367

293
178
360
237
268

412
372
372
364
343

93
21
83
16
11

98
128
790
525

4

553
123

1,694
1,144

10

207
127
454
24723

17
0
1
0
0

0
2

13
11

0

12
4

22
22

0

19
11

5

0
2

4
8

11
3

13
11
29

3
3

0'
0
0
0
0

5

1
1
1

0

1
64
31

4

0

57
23

0

3-4 Auust

19-20 August

140
125
631
271

37

128
180
712
368

69

1

44
0
0

0
15
11

119
15
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Apendix 5. 11. -Continued.

31 August-
1 September

15-16 SepteTber

2000-2200
2200-0000
0000-o200
0200-0400
0400-0600

2006-2200
2200-0000
0000-0200
0200-0400
0400-0600

415
363
3 64
363
447

485
342
391
375
453

199
86

175
83
74

215
59
35

9
11

11
2
5
3
1

15
5
.0
1
0

5
21
92
86
16

1
0
0
0
0

Neludboc

7-8 July

8-9 July

20-21 July

3-4 Aust

19-20 AUgust

31 August-
1 september

2000-2200
2200-00006
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

2000-2200
2200"0000
0000-0200
0200-0400
0400-0600

2000-2200
22o00-0 o0o
0000-0200
0200-0400
0400-0600

373:
372
278
278
225

239
283
275
270
275

276
367
320
284
276

353
391
318
366
353

401
370
358
357
267

414
368
352
362
544

92
212
473
774

12

99
157

1,090
1,466

81

114
119
533
317

19

180
.377
566
796

83

205
'248
536
990
366

98
127
208
125

88

1
1
9

14

0

0
1

25
37

3

io
7

13:
6
0

9
23
28
25

4

9
10
2

28
12

6
1
3
1
2

1

31
10
I0

0
8

4
48

0

0
0
4
1
0

11
II
17
23

6

2
2

32
53

3

1

.1

10
6

28
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Appendix 5. 1i .-- Continued.

237

15-16 September 2000-2200
2200-0000
0000-0200
0200-0400
0400-0600

469
360
383
372
470

93
75

9
12

7

8
6
0
0
0

0
0
1
0
3

Total Minutes Passes

62,227 133,480

&izzes

4,949

Other

8,794

apasses of bats other than Mvt g~ri.
bHabitats ca. 2 km fran Blowing Wind Cave.
CHabitats ca. 13 km frim Blowing Wind Cave.
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VI. TMRAL VARIATIO IN 1IESMEN OF MWISE AMNG

HABATS AT Gu Vi•wn RESEmVIR. AABA

Amy B. Goebel and Travis H. Henry

eren of Zool and Wildlife Science, Fui1 Hall,

A r University, AL 36849-5414

A -ra During sumiers of 1991 and 1992, and spring and sqmmers of 1993
ard 1994, insects were collected at 2-h intervals from sites on or
adjacent to Guntersville Reservoir in northern Alabama. Taxo=nmic order,
number, and weight of insects in each sample were recorded. We
investigated relationships between abundance of insects and hour of the
night, night of the month, sampling period and type of habitat. More
insects, especially Diptera, were present just after dusk than during
other hours of the night. Abundance of insects usually was greatest fron
June thrvuih early August. Few significant differences in abundance of
insects and insect biomass were observed among hours of the night, nights
of the month, and sampling periods. Habitats containing American lotus
often produced greater mass of insects than other habitats.

INTRWJCTION

The area around Guntersville Reservoir is home to several large colonies of the
eangered gray bat Motis gri, NLrtus caves suitable for roosting
have been docu= eted in the area, and the reservoir and its tributaries provide
productive foraging areas for gray bats. The insectivorous gray bat primarily
eats aerial insects and restricts its foraging to these riparian areas (Tuttle,
1976_, 1976b).

As most insects are active only during spring and sunmer months, foraging
activity of the: gray bat also is limited seasonally. Foraging activities of
the gray bat may be further limited by short-term variations in abundance of
insects. Studies of birds and bats have shown that flying insectivores are
limited to foraging in specific areas and at specific times relative to
abundance of prey (Anthony and Kunz, 1977; Gray, 1993; Kunz, 1973; Rabinowitz,
1978). It is unknown how abundance of insects varies over tine and among
habitats at Guntersville Reservoir. Furthernore, it is unknown whether bats
adjust patterns of foraging in response to variation in abundance of insects.

The abundanoe and camposition of assemblages of aerial insects in riparian
habitats are inluenced by temoral factors, quality of habitats, and
environmental crditions. Many investigators have attempted to explain
distribution of aquatic, subadult insects (Dvorak and Best, 1982; 1east, 1984;
Krecker, 1939; Rosine, 1955; Zwick, 1984). A few recent studies have focused
on distribution of winged adult insects (Corbet, 1964; Jackson, 1988; Jackson

V.
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and Fisher, 1986; Mc~eachi'e, 1989). The mature stage of insects often is
brief, but certain factors may significantly alter populations of aerial
insects (Williams and Feltmate, 1992).

Many insects live only for a single season. Thus, events in the lifecycle of
an insect must take place in relatively rapid sucoession (Johnson, 1969).
Therefore, hatciing, emergence, dispersal, and mating may cause the abundance
and composition of insect poqupuities to flbctuate dramatically over time. The
timing and duration of lifecycle events often are flexible in response to
environmental factors, such as air and water temperature or photoperiod (Ward,
1992; Wolf and Zwick, 1989).

Variation in abundance of insects also may be linked to quality of habitats.
Prior to emergence, distribution of aquatic nymphs may be affected by quality
and characteristics of submerged vegetation, water flow, oxygenation, and
subs tte (Flannagm and Cobb, 1991; Ward, 1992). Greater diversity of
macroinvertbrates typically correspo ds to greater divpersity of habitats
(Kieast, 1984; Krecker, 1939; Rosine, 1955; Zwick, 1984). During emergence,
teneral adults usually are abundant near habitats occupied by nymphs. Thus,
habitats occupied by nymphs will affect the initial distribution of winged
adult insects.

Along with emergnce, swarming, and dispersal, environmental factors may
influence nightly Abudance of aerial insects. McGeachie (1989) found that
brighter lunar illumination and stronger windspeed decreased nightly catches of
lepidopterwns. Conversely, warmer air temperature inr nightly catches in
traps.

The goal of our' 4-year study was to investigate variation in assemblages of
aerial insects over Guntersville Reservoir, an impotudnmnt of the Tennessee
River in northern Alabama. C1mprehensive samwpling allowed analysis of
variation on hourly, nightly, and seasonal levels. Variation among different
aquatic and terrestrial habitats also was evaluated.

TERIALS AND MEtODS

GOntersville Reservoir is a 27,479-ha impoundment of the Tennessee River in
northeastern Alabama and saithoentral Tennessee. It is characterized by warm
waters, slow currents, and an extensive littoral zone (Tennessee Valley
Authority, in litt.). The 12,141-ha of shallow water along with fertile
hydrosoil prcomte gth of aquatic plants; both submergent and emergent
macrophytes flourish in the reservoir (Tennessee Valley Authority, in litt.).

In 1991, insects were sampled in aquatic and terrestrial habitats. Because
this project was part of a broader project studying the foraging ecology of
Myot grise .n, habitats were selected based on their proximity to Blowing
Wind Cave, Jackson Co., Alabama. This large limestone cavern located adjacent
to Guntersville Reservroir, is the summer roost of up to 300,000 gray bats
(Tuttle, 1976b). Three aquatic habitats were selected in shallow coves within
2 Jun of Blowing Wind Cave. One habitat was characterized by an introduced
Uacltphyte, Eurasian watermilfoil iMyriophyllum spicatum). This submerged
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plant occurs in dense groves in <-1.5 m of water (Tennessee Valley Authority, in
litt.). Fronds of Myriophvllum are visible at the surface of the water fron
late June through October. The density of stands of Eurasian watermilfoil can
reduce circulation of water in this habitat, establishing gradients of water
density, temperature, and concentration of dissolved oxygen (Tennessee Valley
Authority, in litt.). A second vegetated habitat consisted of graves of
American lotus (Nelu61 lutea). From July throi4I October, stalks of Nelumbo,
topped with large flat leaves, emerge from the water. Flowers of American
lotus bloom in early July, and laý,xe seed pods develop in subsequent months.
Like Eurasian watermilfoil, American lotus grows in shallow areas of the
reservoir. The third aquatic habitat was an open-water area that contained
little or no vegetation. The final area sampled was a field habitat adjacent
to the reservoir. The field was dominated by grasses (oghum), herbaceous
(Soli o), and woody grth (Rhus l

In each of the four habitats, insects were collected along a 50-m transect. A
mesh sweep-net was held near shoulder height and swung in a figure-8 pattern 50
times per sample. In the field habitat, samples were taken while walking
through the vegetation. In the open-water habitat and habitats containing
Myri.0hlm and Nelumbo, collections were made while canoeing through the
transects. In each habitat, five samples were taken per night. Collection
occurred every 2 h beginning at 2000 h and ending at 0600 h. Insects were
collected for 3 nights, every 2 weeks, for 7 sanpling periods. The first
period began on 26 June, and the following six periods began on 8 July, 22
July, 5 August, 20 August, 3 September, and 17 September, respectively
(Appendix 6.1). collected specimens were killed using ethyl acetate and hourly
samples were stored individually in 70% ethyl alcohol. Insects were identified
to order. All flying insects were included; ticks, wingless ants, springtails,
and insect larvae were excluded from analyses. Spiders were included due to
their ability to balloon and drift in the air. For each sample, the total
number of flying insects captured, as well as the number of each order present
were recorded. To reoord an index of biomass, insects were dried >12 h and
weighed to the nearest rg on a Sartorius balance.

Beginning in 1992, collection of insects in the terrestrial habitat were
terminated. While. sampling continued in the same open-water habitat as 1991,
four -ne study sites were established. Instead of using the Eurasian
watermilfoil habitat sampled in 1991, a similar MPyriohyllum habitat in a more
aocessible area near the open-water habitat was examined. In addition, three
new habitats were located ca. 13 km fron BloWing Wind Cave in the mainnavigation channel of the reservoir. The depth of the ain channel is
maintained between ca. 2.7 and 10.6 in to allow for heavy commuercial and
recreational navigation. currents typically are stronger in the main channel
than in the backwater areas. Two vegetated habitats, one Myriophvllum and one
Nelumbo, were established in a relatively shallow sand-bar adjacent to the main
channel. The fourth new locality was an open-water habitat (Or) located on the
edge of the deep navigation lane.

In 1992, insects were collected using the same methods and tim table as in
1991. The first of six twice-rorthly sampling periods began on 6 July. Five
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subsequnt periods began on 20 July, 3 August, 17 August, 31 August, and 14
Septeme, respectively (Appemiix 6.-2),

In 1993 and 1994, the five habitats estab!ished in 1992 were dxamined, but
samples were collected on 1 day each month for 6 sapl ing periods. In 1993,
the first period began 10 April, aid sbeent. samplirg periods were 7 May, 11
June, 10 July, 1 AugUst, and 13 S (p 6.3). In 1994, the
sampling periods began 7 April, and followin4i periods starte. 1 May, 1 June, 5
July, 6 August, and 7 September (Appendix 6.4). Procedures for storing and
analyziM samples r.ined the Same thrcaho•ut the 4 years.

Because habitats and sampl ing schedules were changed during the 4-year study,each. yer was analyzed separaty. T•oral variation in the presence of
insets over each habitat was analyzed ai.rng hours, days, and samplir
sessions. For each habitat and. each of the 3-day sample periods of 1991 and1992, corresponding samples were arranged in five groups by tine of collection
(2000-2159 h, 2200-2359 h, 0000-0159 h, 0200-0359 h, and 0400-0559 h) and the
average numbdr of all insects ýCaught was- calculated. Duie to sample sizes < 5,
the five groups of hours were cxzpared using the non-aamtic
XKriskall-Wallace test (SAS Institute, Inc., '1985; S and Torrie, 1980).
Thisproceduke was repeated for each habitat, substitutui' averages of mass; of
insects qaught. Next, for each habitat and each sample period in 1991 and
1992 -, -the-three nigh. tly laveprages of. total inse Icts -1caught were comnpared usi .ng
the Kruskall-Wallaoe test. Again, this test was repeated for each habitat,
using averages of mass of insects collected during ea•h of the 3 nights within
a sampling perio. Additionally, for each habitat thrdt the 4 years,
one-way aralysis of variance (ANO VA) was used to detect differences amongr

sampingperodsmeaure bytotal umesand mass of insects collecteýd.
Fa.ly, "for each sampling periodthrOht te 4 yea1, o-way analysis of
Variark)e was used to detenuine variation among habitats measue by tota
numbers and mass of Insects collected during the sanpling period.

RESULTS

Flom June .1991 t• September 1994, 1,071 samples of insects Were collected and
analyzed. More than 1,800 arthropods pre ing Arac-nida and 10 orders of
Insecta were collected. of insec.s collet .each year, 80-90% were Diptera.
Other prevalent orders included Epheamrptera, Trichoptera, Araneida (spiders),
"and le•pdoptera. Oocasionally, insects from the orders Coieoptera, H iptera,

omqft.era, JHymnopteia, ()onata, and O&rhptera wer captutd (Table 6.1).
adlee yearly collections of insects were similar in cxmtosition, individual
samples were variable in orders of insects, mnmber of insetps, 'and mass of
insects coleced hen meaons we re calculatebd f or nube ofi insects -and mass
of sAmples, s deviations typialy were large, often exceeiiq the mean
(Aiendioes 6.5-6.8).. Due to oonsiderable variation among individual samples,
regular patterns of aburndarx of insects were almost non-existent at any level.

Qmrgarigong of total nuber and mass of insets andmd hau-s.-Few differences
between Abundance of insects and hour of the night-were observed. In 1991 only
nine of 26 ccupariscns of total -r nmer of insects and four of 26 cxmparisons of
mass of samples differed among hours (Apzdix 6.5). On average, nmwber of
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insects and mass of samples were greatest at 2000 h and decreased throughout
the night. When differences in number of insects occirred, they were often
extreme. For example, the greatest difference among hours ooxrred in the
field habitat during early August. The average number of insects dropped from
398.3 at 2000 h to 9.:0 at 2200 h. These differences among hours occurred from
late July till early September.

In 1992, five of 30 couparisons of total number and one of 30 camparisons of
mass of samples differed among hours (Appendix 6.6). In most comparisons where
a differenc was found among hours, samples collected at 2000 h had more
insects or mass than other samples during the night. In addition, in contrast
to 1991, the number of insects collected often increased at 0400 h in 1992.
However, these trends were not evident in all habitats during a sampling period
or in one habitat throughout all sampling periods. Thus, no definite pattern
of abundance of insects was evident among hours.

omMarisons of total number and mass of insects among nights. -Few differexnce
in number and mass of insects were observed among nights. Although there often
was prominent variation among the 3 nights in numbers or mass of insects
captured, the great variation in individual samples precluded statistical
significance (Appendix 6j7). During 1991, differenoes did occur during late
july, early August, and late September in the field, Mvriophyllu, and
open-water habitats, respectively. In 1992, differences only occurred in total
number of insects from one night to the next. most differences were during
late August and late September among Nelumbo and I yriophyl habitats,
respectively (Appendix 6.8). However, no significant pattern of variation in
abundance or mass of insects among nights either among habitats or sampling
sessions was evident.

Cgarison of total number and mass of insects amogM habitats within sampling
sessions.-Fn• 1991 through 1994, number of insects and weight of samples were
cmpkared among sampling periods for each habitat. As with previous
comparisons, there was much variation in aburdance of insects amnwg sampling
sessiorii yet fluctuaticns were random and sporadic (Appendix 6.9-6.12).

There were no differenes in habitats throughout the year in 1991 (Appendix
6.9). On average, Most insects ocurred amog the field and Nelumbo habitats.
Greater numbers of insects in the field habitat ocirred diring early August
(aver-age = 83.!2) and early September and greatest weight of samples was in
June, early July, aN early September (15.2, 14.5, and 20.6 mg; respectively).
In the Nelumbo habitat numbers of insects increased throughout the summer.
Greatest levels of insects were observed in early September (average = 67.4).

During 1992, differences in the total number of insects throughout thesuiwr
were cbserved in the Nelumbo (13 km from Blowing Wind Cave) and Myriophylium (2
km from Blowing Wind Cave) habitats (Appendix 6.10). Differences in mass of
samples were observed in both Myron11um habitats. No differences in total
umzber or mass of insects were observed in 1993 or 1994 (Appendices 6.11-6.12).

Differences among habitats within each sampjinM session.--When abundance of
insects was ccrpared among habitats in each sampling period, there was .uch
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variation among habitats, although few relationships between abundance of
insects and habitat were found. When significant differences in abundance of
insects ooxirred among habitats, Nelumbo (near navigation channel) habitat
usually exceeded other habitats in number of insects or mass of insects
(Appendix 6.13-6.16). Durinlg 1991 and 1993, no differences were found among
habitats. In 1992, differenos were ctserved in late July, late August, and
late September. In 1994, differences in mass of samples were observed in
September. When habitats are ranked in order of total number of insects and
total weight of samples, Nelimbo habitat has the greatest total mass of samples
for 3 years. During the same 3 years, open-water (river-channel habitat) had
the smallest number of insects and the smallest mass of insects each year
(Table 6.2).

DISCUSSION

Our purpose was to document variation in abundance of aerial insects over time
and among riparian habitats. Considerable variation in number of insects
captured occurred among individual samples. Variation among samples also was
present in measurements of mass. However, there was little variation in
abundanc at any level of ccmarison that could not be attributed to chance.
Thus, there was almost no statistical relationship between either number of
insects or mass of insects and hour, night, sanpling period, or habitat. Rapid
and erratic changes in a of insects are not unusual and may result frc
emergence of adults, swarming behavior, or change in environmental condition
(Qorbet, 1964; Jackson, 1988; Jackson and Fisher, 1986; McClure, 1938;
MoGeachie, 1989). Timing of emergence and swarming may differ among species of
insects and may be influenced by several variables (Ward, 1992; Wolf and Zwick,
-1989).

Although few statistical differences were observed, trends in abundance of
insects were evident among hours, sampling periods, and habitats. Within a
night, the greatest number of insects often was .captured at 2000 h. This trend
is especially obvious fron July through August (Appendix 6.5-6.6). In 1992,.
number of insects collected often seemed to follow a bimodal pattern; capture
usually was greatest at 2000'h and 0400 h. A number of studies have reported a
great abundance of insects just after dusk, and a few have noted a second peak
in abw-da of insects just before dawn (Anthony and M=nz, 1977; Gray, 1993;
Racey and Swift, 1985). Racey and! Swift (1985.) also reported that bats
adjusted foraging habits in response to changes in insect density throughout
the night.

Although there are few statistical differences among sampling periods, there
generally were more insects in all habitats during June, July, and early August
of each year. Likewise, Anthony and Kunz (1977) collected large numbers of
insects during mid-super, yet abundance of insects often fluctuated sharply,.
Fbr many insectivorous bats, foraging is most intense during mid-summer, as
they are raising young and depositing fat in preparation for hibernation (Racy
and Swift, 1985).

Finally, comparisons among habitats often indicated a greater abundance of
insects in the Nelumbo habitats than in other habitats. This trend was
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particularly clear in 1992. EKxept for 1991, total mass of insects collected
each year in Nelumbo habitats was greater than samples from other habitats
(Table 6.2). In several years, we observed massive emergenoes of large,

mexna mayflies (Ewruptera) in the Nel habitat near the primary
navigation channel of Guntersville Reservoir. Coleoptera and Odonata also were
cbserved more often in the Nelumbo habitats. Insects my prefer qualities of
the habitat containing American lotus, including food, oviposition sites, or
shelter offered by eiergent leaves (Ward, 1992).

In conclusion, wide variation in abundance of insects was noticed, regardless
of hour, night, sampling period, or habitat. It is unknown how insectivorous
bats respond to this variation in abundanc of prey. Further analyses
considering taxornmic caftosition of samples are necessary, as same bats are
selective for specific sizes or taxa of prey (Rabinowitz, 1978; Ross, 1967).
Continued investigation of availability of prey among habitats, as well as
preference of gray bats for specific foraging habitats, will improve efforts to
conserve essential habitat for the endangered gray bat.
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Table 6.1. --'TgmA e of eac Of i ollected at Guntersville
Reseoi Jacks, n (., I , 1991-1994. The e of each order in
the • n f n collected ea- Ler is n R-'Mntbesi9.

Orders

Dip- E*tý - Tricho- Aran- Lepid- Coleop-
Year Total tera optera tera eae cptera tera Othersa

1991 6,991 6,215 266 233 62 47 22 146
(88.9) (3.8) (3.3) (0.9) (0.6) (0.3) (2.1)

1992 6,100 5,387 29B 174 50 32 30 129
(88.3) (2.9) (4.9) (0.8) (0.5) (0.5) (2.1)

1993 2,623 2,417 93 87 11 5 2 8
(92.1) (3.5) (3.3) (0.4) (0.2) (0.1) (0.3)

1994 2,395 2,298 24 37 10 5 7 14
(95.9) (1.0) (1.3) (0.4) (0.2) (0.3) (0.6)

a~nclus Heiptera, Hamxptera, ymenoptera, Od.onata,
unidentifiable specimens

Orthoptera,
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Table 6.2.--Tt• mber. of insects and mass of insects collected
habitats at Guntrsille Peservoir, Ja Co., Alabama, 1991-1994.

Number of Mass of
Year Habitat insects Habitat sample (rag)

1991
Nelutmboa 2,558 Fielda 99.1
Fielda 1,813 NeboW a 44.6
r uma 1,417 Open-watera 18.9

Open-watera i, 203 Mvrioyl umaa 17.1

1992
Myriohl 1,695 Nelumbob 108.0
191 1,526 p te 21.7
penwate-ra 1,357 M 17.2MVriophyllumb 944 Mg:ricphyllumfP 12.7

Open-w 587 oen-watr 9.8

1993
M 1yrt 1lp a 1,020 Nelumbob 25.8
openwatra 751 Mvriophyllumb 20.8
Mriohyl lureb 378 Myriophylluma 10.4
__l___ 260 open-watera 6.7
o Wý-aterb 214 open-waterb 2.4

1994
Open-watera 754 ngl 14.4Myiopi•[•[i umb 718 Myriq~hyllumb 11.1

Myribphll~ura 419 Open-watera 10.6
_lubo_ 378 yriobiyflvuna 4.1

S126 Oen-waterO 1.6

aHabitats ca. 2 km frcm Blowing Wind Cave.
bHabitats ca. 13 )a fran Blowing Wind Cave.
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Apendix 6.1. -- salij sessior, 2 of collection, ard sa1e pizes used
to co11c ine ms five hia t wi 2 0 of Boir Wind Cave,
Jackson ., A , 11. Habitat saml as follows: 1, n
2, Myriophyllum; 3, Nelumbo; 4, field.

Sampling Sampling Habitats
session day Date 1 2 3 4

1 1 26-27 June 5 5 5 5
1 2 27-28 June 5 5 5 5
1 3 28-29 Jun 5 5 5 5

2 4 8-9 July 5 5
2 5 9-10 July 5 5 5 5
2 6 l1-12 July 5 5 5 6

3 7 22-23 July 5 5 5 4
3 8 23"24 July 5 6 5 6
3 9 26-27 July 5 5 5 6

4 10 5-6 August 5 5 5 6
4 1i 6-7 August 5 5 5 6
4 12 7-8-August 5 5 5 6

5 13 20-21 August 5 5 5 6
5 14 21-22 August 5 5 5 6
5 15 22-23 August 5 5 5 6

6 16 3-4 September 5 5 5 6
6 17 4-5 September 5 5 5 5
6 18 5-6&September 6 5 5 6

7 19 17-18Septeber 5 5
7 20 18-19 September 6 6 5
7 21 19-20 September 6 5

I
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Appendix 6. 1. -- Sam~l n sesson, ts of coolection, and sa• sie used
to 0lt1 amo fjy6 habitats .2 k& of Blow W" cave,
Jackson ., , 191. Habi are as foll 1, open-war;2,:Myriophyllum; 3, Nelumbo; 4, f.

Sampling Saflping Habitats
session day Date 1 2 3 4

1 1 26-27 June 5 5 5 5
1 2 27-28 June 5 5 5 5
1 3 28-29 June 5 5 5 5

-2 4 8-9 July 5 5
2 5 9-10 July 5 5 5 5
2 6 11-12 July 5 5 5 6

3 7 22-23 July 5 5 5 4
a3 8 23r-24 July 5 6 5 6
3 9 26-27 July 5 5 5 6

4 10 5-6 August 5 5 5 6
4 11 6-7 August 5 5 5 6
4 12 7-8 August 5 5 5 6

5 13 20-21 August 5 5 5 6
5 14 21-22 August 5 5 5 6
5 15 22-23 August 5 5 5 6

6 16 3-4 Septayber 5 5 5 6
6 17 4-5Septsiber 5 5 5 5
6 18 5-6 Sept.eber, 6 5 5 6

7 19 17-18 Sept4ezber 5 5
7 20 18-19 Se Rer 6 6 5
7 21 19-20 Septemb)er 6 5

'U
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Appendix 6.2. -- sali e , d of gllgi, and sale sizes used
to collect insects • five habitats within 2 and 13 kmn of Blow Win d Cave,Jaco 0., ýii9. Maitt saMM1e ara -1l~s , .open-water;
2 Myricphyllyuma; _3, o Laten-a ; 4, MyricphyllUMP; 5, NeluibcP.

Sah1irfg Sarli Habitats
session day Late 1 2 .3 4 5

1 1 26-27 June 5

2 2 6-7 July 5 5 5 5 5
2 3 7-8 July 5 5 5 6 5
2 4 8-79 July 5 5 5 5 5

3 5 20-21 July 5 5 5 3 5
6 22-23 July 5 5

3 7 23-24 July 5 5 5 5 5

4 8 3-4 August 5 5 5 5 5
4 9 4-5August 5 5 .5 5 5
4 10 5-6 August 5 5 5 5 5

5 11 17-18 August 5 5 5 5 4
5 12 18-19 August 4 4 5 5 5
5 13 19-26 August 5 5 .5 5 5

6 14 31 August- 5 5 5 5 5
1 September

6 15 31 August- 5 5 5 5 5
1•Sept55 er

7 16 14-15 September 5 5 5 5 ;5
7 i7 15-16 September 5 5 5 5 5
7 18 16"17Septeber 5 5 5 5 5

aHabitats ca. 2 km fran Blowing Wind Cave.bHabitats ca. 13 km from Bloing Wind Cave.
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Apendix 6.3.--S lng sessions, • of collection, d sampl sizes of
inse ts fr ive habita withs 2 ad 1 of Blcain Wind C Jackson
Co., Al 1993. Ha are as o1, ln-watosa; 2,
Myricphylluma; 3., e 4, Myriophylltum; 5, Nelm•.

251

Sanpi ir Sanpling Habitats
session day Date 1 2 3 4 5

1 1 10-ii April 6 6 5 5 5

2 2 7-8 May 5 5 5 5 5

3 3 7-8 June 5 5 5 5 5

4 4 8-9 July 5 5 5 5 5

5 5 1-2 August 5 5 5 5 5

6 6 13-14 Septeaber 5 5 5 5 5

aHabitats ca. 2 km frun Blowing Wind Cave.
bNabitats ca. 13 km frmn Blowing Wind Cave.
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Ap ix6.4. -Salinq sessions, dates of collection, and sailes sizes of
insects from five habitats within 2 and 1i km of BlowinM Wind Cave, Jackson
Co., Alabara, 1994. Habitats saple are as follows: i, pen-watera;2,
Myrityiunia; .3, gpen-water•b; 4, Mqrioy1um; 5, NelumboD.

Saip1irq Sanpling Habitats
session day Date 1 2 3 4 5.

1 1 1-2 May 5 5 5 5 5

2 2 .1-2 June 5 5 5 5 5

3 3 5-6 July 5 5 5 5 5

4 4 6-7 August 5 5 5 5 5

5. 5 7-8s eptember 5 5 5 5

aHabitats ca. 2 km fran Blowing Wind Cave.
bHabitats ca. 13 km from Blowing Wind Cave.
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Appendix 6.5.--B dtg of Kruskal-WaLflae rpoarametric test hoirir ors
within hblg seven saWling sesso at Guntersville Reservoir,
a Co., Ala, 1991. Mea ta • and (±l SD) of insects

are rA . with sama size (n), • of f (d. f.),
an probability vale (P). An asterisk indicates P < 0.05.

TcItal number of Mass (mg)
Sanplir, insects of insects
session Habitat Hour h Mean (SD) Mean (SD)
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Field 2000
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9.0
4.0
Q.5

(
(
(
(
(

63.6)
28.3)
8.5)
4.2)
0.7)

2.8
1.2
0.1
0.0
0.0

(C
(
(

3.9)
1.7)
0.1)
0.0)
0.0)

X = 3.009
d.f. = 4

P = 0.556

X = 2.642
d.f. = 4

P= 0.619
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A 6.5. -- Conltinuad.

26-:28 'une

Op--water 2006
2200
0000
0200
0400

3
3
3
3
3

4.7
18.0
11.7

7.7
1.7

•(

(
;(

5.7)
18.3)
16.1)
8.0)
2.9)

0.8'
0.4

1.3
1.2
0.0

C(

(
,(.

1.4)0.1)

2.3)
0.7)0. 0.)

X = 4.234
d.f. = 4

_p = 075

X = 4,219
d.f. = a4P = 0.377

,8-11• Jul y

Fitid 2000
2200
0000
0200
0400

3
3
3
3
3

15.0
4.3
0.7
1.7
1,3

(
(
(
(

13 ,28)
2.1)
1.2)
0.6)
2,3)

3.5 ( 4.1)
4.3 ( 5.0)
1.1 ( 1.9)
3.9'( 4.1)

59.4 (102.9)

X = 1.609
d.f. = 4

P 0.807

x = 5.i86
d.f. = 4

P = 0.269

'Nelumft 2000
2200
oooo0200
04o0

3
3'
3
3

20.315.3
6.3
4.7
1.6

(
(
C
(

23-5)
9.5)2.5)

1.7)

5.7
2.5

14.0

0.2

(.
C'
CJ
(

8.8)i
2.1)

8.5)0.4)

*1

I

'1X -'6.451
d.f. =14

P£ = 0-.168

X 4.805
d.f; =04

P =0 0308.

MtLophyllign 200.0
2200
0000
0200
0400,

3
3
3
3
3

43.7
7.3
2.0
1-7
0.0

(38.4)C 3.1)
2.0)

( 1.5)
o.00)

7.3
1.7
0.9
0.5
0.0

C
(

(,

6.5)
0.9)
1.6)
0.9)
0.0)

X = 7.299
:dif. = 4

P= 0. 121

x 5,755
d.f. = 4

P = 0.218
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APPendix 6.5. -Continued.

Open-water 2000
2200
0000
0200
0400

3

3

33

10.7
1.7
0.7
0.0
0.0

(
C
C(
'C

13. -6)

o.1)0.6O)

.0.0)

3.1
3. 3
o00. 0

0.0

(
(C
C
(
(

4.8)
5.7)
0.0)
0.0)

:k= 6.3'3 6
d.f. = 4P = 0.175

d -

d_.f.-
5.689
4
0,.224

22-26 July

Field 2000
2200

06000
0200
0400

3
3
.3

3

9.3
2.0
2.7
1.3
'1.7

C
(

12,1)

3..1)
1-.2)
1.2)

X: = 1,i80
d;. = 4

P= 0.0881

16.8•
0.2
8.2
3.3
1.8

d.f =

.15.9,
1.7
0.2,
1.1,
1.1

(.

(

25.3))
0.3)

11..8).

2.9)
2.3)

Nelumbo 2000
2200
0000
0200
0400

:3
3
3
3
3

99.7
.9.7
1.7
2.7
3.3

(:114.9)
(3.5)

2.9)
1.5)

(.15)

2.898
4
0.575

( 23. 0)
1•. 2)

(0.3)

( 0.3)

X: = 11;.218
d.f. = 4

•P = .024*

X = 8:.J21
d.f. = 4

P = 0. 063

Mnozriylluni 2000
2200

o000
0200
0400

3
3
3
3
3

38,; 0
7.3
3.0
.0.7
0.3

(
(
(

55.4)
1.2)
3.0)
0.6)
0.6)

3i3
3,; 2
1 2'.
O. 0
0.0

(
C
/C

,(

5.1)

1.7)

0.-0)
0-.0)

X = 10.200
d. f. 4

P ' 0.037*

X = 8.353
d'.f. = 4

.P = 0.080
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Appendix 6.5. -<cntinued.

Open-water 2000
2200
0000
0200
0400

3
3
3
3
3

2.0
1.0
0.7
0.3
0.0

((
(
(
(

3.5)
1.7)
1.2)
0.6)
0.0)

0.4
1.5
0.0
0.1
0.0

(
(
(
(

0.7)
2.5)
0.0)
1.7)
0.0)

X = 1.373
d.f. = 4

P = 0.849

X 2.367
d •"= 4

P = 0. 669

5-7 August

Field 2000
2200
0000
0200
0400

3
3
3
3

398.3
9.0
2.0
5.0
1.7

(338.5)
( 3.6)
( 2.7)
( 1.0)( 1.5)

28.7
2.3
0.0
6.7
2.9

(
C
(
(
(

18.2)
2.1)
0.0)
7.6)
4.7)

X = 11.562
d.f. = 4

P= 0.021*

X = 10.326
d.f. = 4

P = 0.035*

5-7 AUguSt

2000
2200
0000
0200
0400

3
3
3
3
3

97.3
21.7

8.0
5.7
8.3

C

(

26.0)
9.7):8.7)
6.7)

11.0)

17.1
6.3
i.0
7.0
1.6

C
(
(
(
(

8.7)
4.5)
1.5)
8.1)
2.2)

X = 9.292
d.f. = 4

P 0. 054

X = 7.588
=4

P = 0.108

Myriowhvl lum 2000
2200

0000
0200
0400

3
3
3
3
3

33.7
15.3
4.0
4.7
2.3

C
(
(
(
(

39.9)
5.5)
2.7)
1.2)
2.1)

2.3
3.5
0.2
0.9
0.2

(
(
C
(
C

3.8)
1.3)
0.3)
1.0)
0.4)

X = 8.984
d.f. = 4

'P = 0.062

X = 6.356
,d._ = 4

.P = 0.174

II
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Appendix 6.5. -- ontý .

open-water 2000
2200
0000
0200
0400

3
3
3
3
3

42.3
0.3
0.7
5.0
0.7

((
(
(
(

73.3)
0.6)
0.6)
5.6)
1.2)

5.8
0.0
1.1
0.8
0.0

(
(
(
(
(

10.1)
0.0)
2.0)
1.4)
0.0)

X = 1.790
d.f. = 4

P = 0.774

X = 2.367
d.f. = 4

= 0. 669

20-22 August

'Field 2000
2200
ooo0
0200
0400

3.
3
3
3
3

4.0
3.3

0.7
0.0

((
(
(
(

3.6)
3.2)
1.7)
1.2)
0.0)

1.5
2.0
0.0
.3.1
0.0

((
(
(
(

2.5)
1.6)
0.0)
5.3)
0.0)

X = 5.972
d.f. =4

P = 0.201

X = 6.179
d.f. =4

P = 0.186

Neluybo 2000
2200
0000
0200
0400

3
3
3
3
3

141.7
5.7
2.7
0.3
1.7

(157.1)
( 6.0)
(2.1)
(0.6)
(0.6)

10.5
4.8
0.2
0.0
0.4

(
(
(
(

10.9)
8.0)
0.2)
0.0)
0.4)

X = 9.530
4

P = 0.049*

X
d.f.=._P

8.129
4
0.087

20-22 August

2000
2206
0000
0200
0400

3
3
3
3
3

45.0
12.0

8.3
3.0
1.3

((
(
(
(

22.7)
3.6)
6.4)
3.0)
1.5)

4.0
0.7
0.5
0.2
0.0

(
(
(
(

1 .1)
0.4)
0.9)
0.2)
0.0)

X = 10.601
d.f. = 4

P = 0.031*

X = 10.663
d.f. = 4

P = 0.031*
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Appendix 6.5. -Qntinued.

Open-Water 2000
2200
0000
0200
0400

3
3
3
3
3

184.7
0.3
8.7
0.0
0.0

(203.1)
( 0.6)
( 9.6)
( 0.0)
( 0.0)

30.0
0.0
0.1
0.0
0.0

((
(
(
(

34.8)
0.0)
0.2)
0.0)
0.0)

i

t

X = 10.436
d.f.= 4

P= 0.034*

X = 11.859
d.f. = 4

_p = 0. 018#

3-5 September

Field 2000
2200
0000
0200
0400

3
3
3
3
3

75.3
13.3

2.3
13.7

2.0

(107.2)
17.1)

(2.5)
(11.9)
( 3.5)

96.3
0.9
1.2
5.3
0.2

(163.4)
( 1.6)

1.7)
6.4)
0.4)

X = 7.244
d.f. =4

P = 0.124

X = 4.560
d.f. = 4

P = 0.336

Nelumbo 2000
2200
0000
0200
0400

3
3
3
3
3

261.7
26.0
26.7
22.7

0.0

(125.7)
(21.6)
(38.4)
( 22.1)

o0.0)

22.9
1.1
6.2
1.1
0.0

(30.3)
(10.1)
(107.4)
( 14.0)

o0.0)

X = 11.057
C1.f.= 4

P = 0.026*

X = 9.000
d.f. = 4

= 0. 061

myimbyI1 2000
2200
0000
0200
0400

3
3
3
3
3

76.3
22.0
47.0
10.3

2.3

((
(
(
(

46.3)
15.7)
51 ;3)
5.5)
3.2)

14.7
1.3
3.3
0.6
0.1

X =
d-f.=

_P

((
(
(
(

10,8)
0.8)
3.7)
0.6)
0.2)

X = 9.776
d.f. = 4

P = 0-044*

10.883
4
0.028*
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A4:endiX 6.5. -- Continued.

3-5 September

Open-dater 2000
2200
0000
0200
0400

3
3
3
3
3

89.3
7.0
2.0
0.0
0.0

((
(
(
(

77.5)
11.3)
2.8)
0.0)
0.0)

12.0
0.6
0.6
0.0
0.0

((
(
(

13 .1)
1.1)

0.9.)
0.0)
0.0)

X = 9.946
dLL = 4

F = 0..041*

X = 9.132
d.f. = 4

P = 0.059

17-19 September

Field

Nelumbo

i
i

2000
2200
0000
0200
0400

2000
2200
o0000
0200
0400

1
1

3
1

3

33
3

0.0
0.0
0.0
2.0
0.0

35.0
2.3
1.3
0.0
0.0

((
(
(
(

(
C
(
(
(

0.0)
0.0)
0.0)
0.0)
0.0)

56.4)
4.0)
2%.3)
0.0)
0.0)

0.0
0.0
0.0o
2.2
o.0

3.9
0.2

0.1
0.0
0.0

(
C
C
C

C
(
C.
C
C

0.0)
0.0)
0.0)
0.0)
0.0)

6.3)
0.4)
0. 2)
0.0)
0.0)

X = 4.831
d.f. = 4

T 0.305

X = 4.831
d.f. = 4

P = 0.305

myihyllum 2000
2200
0000
0200
0400

3
3
3
3
3

17.3
4.7
3.3
1.7
0.0

(
(
(

o30.0)
6.4)
4.9)
1.5)
0.0)

3.4
0.3
0.2
0.0

,0.

(
(
(
(

5.9)
0.5)
0.3)
0.0)
0o.0)

X = 2.957
d.f. = 4

P = 0.565

X = 2.367

= 0. 669

Open-water 2000 0
2200 0
0000 o
0200 0
0400 0
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Appeniix 6.6.-Resuts of Kruskal-walace noparaumetric test r hours
wthin habitats seven sa sessi At Gintersville Res
Jackson Co., Alabama, 1992. Mean total number ard mass (+ SD) of

AO mm alr w-ith OM1 size (n), d of f (d. f.),
pr oalbability T (_). A is icat P < 0.05.

Total nunber of Mass (mag)
Sarplini insects of insets
session Habitat Hour n Mean (ED) Mean (SED)

6-8 July
Nelumpbob 2000

2200
0000
0200
0400

3
3
3
3
3

40.7
16.7
5.0
4.3

43.3

(
C
(
(
(

54.1)
7.5)
3.6)
4.0)

32.6)

10.5
25.3

3.7
7.6

84.8

(16.6)
(8.5)
(4.5)
(12.7)
(132.4)

5.134.
4
0.274

X = 6.425
d.f. = 4

P = 0.170

X -
d. f__.

P=

MriOynlluma 2000
2200
0000
0200
0400

3
3
3
3
3

45.3
26.7

8..3
3.3

27.0

(
(
(
(
(

41.7)
9.1)
4.6)
0.6)

17.7)

6.0
3.9
1.0
0.7
3.8

(
(
(

6.2)
2.8)
0.9)
0.3)
3.0)

X = 9.249
d.f. =4

P = 0.055

2000 3
2200 3
0000 3
0200 3
0400 3

X = 12.120
d.f. = 4

= 0. 017*

X
d. f__.

P=

8.223
4
0.084

85.,3
11.7

1.7
1.0

26.7

(68.7)
(6.0)
(2.9)
(1.0)
( 12.9)

8.5
3.7
0.4
0.2

12.7

(
C
(
(
(

5.8)
1.4)
0.8)
0.3)

18.0)

10.962
4
0. 027*
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Apendix 6.6.-Continued.

6-8 July

Open-watera 2000
2200
0000
0200
0400

261

3
3
3
3
3

37.0
11.7
4.7
5.3

23.7

(
(
(
(

11.5)
4.2)
3.5)
5.8)
8.1)

4.0
i.1
0.7
1.6
5.9

C
(
(
(

3.2)
1.1)
0.6)
2.8)
5.8)

x
d.f.

= 11.616
-4
= 0.020*

X = 5.103
.d4.f= 4

P = 0.277

Open-waterb 2000
2200
o000
0260
0400

3
3
3
3
3

30.0
15.0
6.0
1.7

10.3

(
(
(

18 - 7)
14.1)
8.7)
2.1)
8.0)

12.7
4.3

0.5
0.4
1.1

(C
(
(

14.6)
4.5)
0.6)
0.4)
1.1)

X = 6.954
d.f. = 4

P = 0.138

X = 8.165
d.f. = 4

P - 0.086

210-23 July

Neluibob 2000
2200
0000
0200
0400

2
2
2
2
2

35.5
30.5
32.5
17.5

141.0

C(
C
(
(

29.0)
26.2)
34.7)
21.9)
24.0)

9.1
4.1

24.4
8.9

14.6

(

(
(

10.3)
3.9)

34.5)
12.6)
9.9)

X = 5. 127
d. _. = 4

P = 0.275

X = 1.509
d.f. = 4

P = 0.825

Myriorhylluma 2000
2200
0000
0200
0400

3
3
3
3
3

30.0
8.3
7!3
3.0
5.7

C

(
(

8.5)
5.8)
7.6)
1.7)
3.8)

2.2
0.5
0.6
0.1
1.4

C(
(
(

0,7)
0.8)
0. 6)
0.1)
1.5)

X = 8.766
d.f. = 4

P = 0.067

X = 6.927
d.f. = 4

P = 0.140
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AIppii 6.6. -Continued.
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Mvricphw11umb 2000
2200
0000
0200
0400

2
2

1

88.0
1.5
0.0
0.5
2.0

(113.1)
( 2.1)
( 0.0)
( 0.7)
(0.0)

6.9
0.0
0.0
0.0
0.3

(
(
(
(

8.6)
0.0)
.0.0)
0.0)
0.0)

X = 5.163
d.f. = 4

P = 0.271

X = 6.891
d.f. =4

P = 0.142

20-23 July

Open-watera 2000
2200
0000
0200
0400

3
3
3
3
3

33.7
7.3
3.7
2.7

33.7

((
(
(
(

22.1)
2.5)
3.8)
2.1)
5.8)

1.9
17.7

1.2
0.0
3.6

(
(
(
(
(

1.6)
30.4)
2.0)
0.0)
0.7)

X = 11.323
d.f. = 4

P.= 0.023*

X = 7.501
d.f. = 4

P= 0. 112

Open-,wAterb 2000
2200
0000
0200
0400

2
2
2
2
2

13.5
9.5
3.0
2.5
1.0

(
(
(
(
(

14.9)
6.4)
2.8)
2.1)
1.4)

1.2
1.1
0.8
0.3
0.0

(.(
(
(
(

0.5)
0.3)
0.1)
0.4)
0.0)

X = 4.942
C = 4

P = 0.293

X = 7.903
d.f. =4P = 0.095

,3-5 Aulust

Nei Pbo 2000
2200
0000
0200
0400

3
3
3
3
3

78.3
8.3
3.0
2.7
6.7

(124.4)
(14.4)
( 2.7)
(2.1)
(4.6)

8.6
0.7
0.4
9.9
3.7

(
(
(.
(.

6.7)
1.2)
0.3)

16.5)
5.0)

X = 5.104
4

P = 0.277

X = 5.842
= 4

P = 0.211



I

Best et al. -Endangered Gray Bats

Apendix 6.6. -- Continued.

263

Mvriorhvlluma 2000
2200
0000
0200
0400

3
3
3
3
3

31.0
4.0
1.3
3.0

15.0

((
(
C
(

13.9)
1.7)
2.3)
1.7)
6.3)

3.6
0.8
0.3
0.6
2.0

((
(
(
(

0.5)
0.7)
0.5)
0.6)
2.1)

X = 11.904
d.f. = 4

P= 0.018*

l 2000 3
2200 3
0000
0200 3
0400 3

X = 8.628
d.f. = 4

F = 0.071

X = 7.724
d.f. = 4

P = 0.102

56.3
16.3
3.3
1.7
3.0

CC
C

30.1)
19.9)
1.2)
1.2)
3.0)

6.8
0.7
0.2 (
0.3 (
0.7 (

3.8)
1.2)
0.3)
0.5)
1.2)

X

_p=.
7.593
4
0.108

3-5 August

Open-watera 2000
2200
0000
0200
0400

3
3
3
3
3

26.0
7.7
2.0
4.0
7.3

C(
(
(
(

11.4)
7.1)
1.7)
4.0)
4.9)

2.9
0.7
0.5
0.7
1.2

(C
C
(
(

2.0)
1.2)
0.5)
0.9)
0.6)

X = 7.629
d.f. = 4

P = 0. 106

X = 4.718
d.f. = 4

P = 0.3,18

Cpen-watexb 2000
2200
0000
0200
0400

3
3
3
3
3

38.7
3.7
5.3
0.7
3.0

(
(
(
(
C

39.9)
0.6)
9.2)
0.6)
1.7)

3.5
0.0
0.4
0.1
0.8

(
(
(
(
(

3.5)
0.1)
0.8)
0.2)
1.3)

X = 8.369
d.f. = 4

. = 0. 079

X = 5.804
d.f. = 4

P = 0.214
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Appendix 6.6. --Cbntimnud.

17-19 August

NTelubob~ 2000
2200
0000
0200
0400

2
3
3
3
3

19.5
11.0

9.3
16.7

6.7

(
(
(
(
(

0.7)
8.2)
7.6)

10.7)
5.1)

6.5
9.4

10.8
85.3

6.5

X =
d. f__. =

P=

(
(
(
(

2.1)
5.8)
9.9)

87.8)
5.2)

X = 4.305
d.f. =4

P = 0.366

7.410
4
0.116

2000
2200
0000
02000400

3
3
3
3
2

60.7
34.0
18.0

6.0
2.5

(
(
C
(

18.5)
33.8)
24.3)

3.6)
2.1)

3.2
1.4
0.8
0.0
0.0

(
(
(
(

1.1)
2.0)
1.4)
O 0)
0.o0)

X = 6.529
d.. _ = 4

,P = 0. 163

X =
d.f.=

7.931
4
D. 094

2000
2200
0000
0200
0400

3
3
3
3
3

12.3 j
3.3
4.3 (
3.0 (
0.7 (

9.3)
2.5)
3.5)
1.0)
1.2)

0.9
0.2
1.1
0.1
0D.0

(
(
C
(
(

0.6)
0.4)
1.5)
0.2)
0.0)

X = 6. 019
=,4

%P = .198

Xd.f__ 6.730
4
0.151

17-19 August

Open-watera 2000
2200
0000
0200
0400

3
3
3
3
2

25.0
7.3
3.0
0.3
3.5

(
(
(
(
(

29.5)
4.5)
1.0)
0.6)
5.0)

4.7
0.3
0.1
0.0
0.0

(
C
(
(
(

5.5)
0.3)
0.2)
0.0)
0.0)

X = 9.482
d.f. = 4

P = 0.050

X 9.262
d.f. 4

P = 0.'055
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Appendix 6.6. -Conti- ied.

Cpen~wterb 2000
2200
0000
0200
0400

3
3
3
3
3

18.0
7.0
6.0
2.0
1.3

((

(

7.0)
2.7)
6.2)
1.7)
1.5)

1.2
0.1
0.3
0.2
0.0

((
(
(
(

0.3)
0.2)
0.6)
0.3)
0.0)

x
d.f.

p

1 10. 118
-4

0- 0039

X = 8.400
d.f. = 4

P = 0.078

31 August-i Septmbeo

Nelunb&' 2000
2200
0000

0200
0400

2
.2
2
2
2

7.0
9.0
7.0
3.0
2.0

(
(
(
(

4.2)
5.7)
7.1)
2.8)
1.4)

2.3
28.8

8.9
0.3
0.7

((
(
(
(

2.6)
21.8)
2.7)
0.4)
0.9)

X = 4.114
d.f. = 4

P = 0.391
d =

7.381
4
0.117

Myrickyiitua 2000
2200
0000
0200
0400

2
2
2
2

23.0
5.0
0.5
3.0
0.5

(

(
(

21.2)
0.0)
0.7)
2.8)
0.7)

1.6
0.3
0.0
0.0
0.0

((
C
(
(

2.0)
0.3)
0.0)
0.0)
0.0)

X = 7.702
df= 4

= 0.103

' 2000 2
2200 2
0000 2
0200 2
0400 2

X = 4.947
cl 4 = 4

= 0.293

X
d.f.=

_1P
8.446
4
0.077

12.5
0.5
0.5
2.0
0.5

(
(
(
(
(

3.5)
0.7)
0.7)
2.8)
0.7)

1.7

0.0
0.0
0.0
0.0

C(
(
(
(

0.3)
0.0)
0.0)
0.0)
0.0)

X = 8.889
d.f. = 4

P = 0.064

31 August-I September
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266

Open-watera 2000
2.200
0000
0200
0400

2
2
2
2
2

15.0
13.0

4.5
1.0
1.0

(
(
(
(
(

11.3)
5.7)

3.5)
1.4)
1.4)

1.1
1.0
1.7
0.0
0.0

(
(
(
(
(

1.1)
0.3)
2.4)
0.0)
0.0)

X = 7.189
d.f. =4

P 0.126

X - 5.338
d.f.= 4
P= 0.254

open-terb 2000
2200
0000
0200
0400

2
2
2
2
2

12.0
3.0
0.0
0.5
0.0

(
(
(
(
(

5.7)
0.0)
0.0)
0.7)
0.0)

3.5
0.0
0.0
0.0
0.0

(
C
(
(
(

2.6)
0.0)
0.0)
0.0)
0.0)

X - 8.375
d.f. =4

P 0.079

X
d.f.=

_P=

8.889
4
,0.064

14-16 Septerber

Negumbob 2000
2200
0000
0200
0400

3
3
3
3
3

20.3
8.3
6.3
9.7
8.3

(
(
(
(
(

23.6)
2.5)
4.5)
6.0)
3.8)

5.4
2.4
8.8
3.5
0.8

C
(
(
(
C

4.6)
3.1)

6.9)
4.5)
0.5)

X = 1.165
d.f. =4

P = 0.884

X - 5.976
d.f. =4

P = 0.201

kmyrithj~~la 2000
2200
0000
0200
0400

3
3
3
3
3

30.0
131.0

5.0
2.3
2.3

(
(
(
(
(

22.1)
2.0)
2.7)
2.1)
0.6)

1.8
0.,8
3.4
0.0
0.7

(
C
(
(
(

1.55)
0.1)
6.0)

0.0)
0.6)

X = 10.956
d = 4

P = 0.027*

X = 5.514
d.f. = 4

P = 0.239
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Appendix 6.6. --continued.

M4rigphyllurb 2000
2200
0000
0200
0400

3
3
3
3
3

1.7
3.0
3.0
2.7
2.3

((
(
(
(

2.9)
3.6)
2.7)
3.1)
2.1)

0.0
0.0
0.o
0.0
0.0

C(
(
(
(

0.0)
0.0)
0.0)
0.0)
0.0)

X = 0.581
d.f. -=;4

P = 0.965

X 0.000
d,f. = 4

P = 0.999

14-16 Septet

0•pmiwatera 2000
2200
0000
0200
0400

3
3
3
3
3

57.0
10.3

4.3
5.0
4.3

(
C
(
(

23.6)
9.6)
3.8)
2.0)
2.3)

4.2
0.4
0.6
0.1
0.5

(0.8)
0.4)

(0.7)
(0.2)
(0.4)

8.171
4
0.086

X 7.462
d.f.= 4

P = 0. 113

X -

d.f.=
_P

Openr-waterb 2000
2200
0000
0200
0400

3
3
3
3
3

3.0
3.4
2.3
1.3
3.7

((
(
(

1.7)
3.2)
2.5)
0.6)
4.0)

0.2
0.3
1.8
0.0
0.1

(
(

(

0.2)
0.4)
2.6)
0.0)
0.2)

X = 1.267
d.f. = 4

P = 0.867
d.f.

4.194
4
0.380

aHabitats located ca. 2 km frarn Blowing Wind Cave.
babitats located ca. 13 km frm: Bloing Wind Cave.
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AppencLix 6.7.-_Resultsa of Kruskal-Wallace analysis i total number and
mass of each saml sessi habitats within
2 )n of Bli Wind Cave, Jackson Co., Alm a, 1991. ci • values Q

aof freedm (d.f.), nd prbability levels (P) ai given. An asterisk
indicates P < 0.05.

Total number of Mass (mg)
Sanlig . of insects

Habitat session Date n Mean (S) Mean (SD)

Field

1
1
1

26 June
27 June
28 June

5
5
5

8.6 (
6.0
4.6 (

8.7)
6.6)
3.4)

2
2
2

8 July
9 Jy

:i July

5
5
5

d.f.=

6.2
5.0
2.6

X =
d.f.=

P,

0.250
2
0.882

11.7)
7.6)
2.4)

0.069
2
0.966

25.6
19. 2
1.0

xP

2..4
4.3

36-7

x
d.f.

p

6.0
10.6

x
d.f.

_P

2, 4
12.12

9.7

X

p

::=

((
(

((
(

46.7)
40.5)
0.7)

0.805
4
0.747

3.4)
4.6)

79.2)

0.341
2
0.843

8.9)
19.8)
2.3)

1.381
2
0.501

4.6)
19.7)
12.2)

0.922
2
0.631

r

3
33

22 July
23 July
24 J•ly

5
5
5

8.0
1.6
0.6

x
d.f.

18.0
154.6

77.0

( 8.6)
(2.1)
(0.9)

= 8.038
=2
= 0.018*

:(3,2.5)
(333.4)
(162.7)

((
(

4
4
4

5 August
6 AUgust
7 AUgust

5
5
5

(
(

X -- 0.383
d.f. = 2

P = 0.826
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tats within I
asterisk :

Appendix 6.7. -continied.

Field

5
5
5

20 August
21 August
22 August

5
5
5

3s (mg)

Im-Meq

2.4 (
2.0
1.0

d.f. =_P=

3.4)
1.4)

0.307
2
0.858

, ( 46.7)
40.5)
0.7)

0.805
=4

=0. 747

6
6
6

3 September
4 September
5 September

5
5
5

54.0
4.6
5.4

(

(

0.3
2.9
0.8

d.f.
P

58.8
0:2
3.4

x
d. f.

P=

( 0.7)
( 4.0)
C 1.7)

= 2.580
=2
= 0.275

(126.5)
( 0.4)
f 5.4)

5.824
=2
=0.054

X

•L--

82.0)
4.6)
7.7)

5.251
2
0.072

7 18 Septenber 5 0.4 ( 0.9)

(
(
C

3.4)
4.6)

79.2)

0.341
2
0.843

1
1*

26 June
27 June

5
5

6.8 (5.9)
4.8 ( 5.1)

X=

_P

(
(

8.9)
19.8)
2.3)

1.381
2
0.501

4.,6)
19.7)
12.2)

0.287
1
0.592

18.2)
7.1)
2.6)

2
2
2

7 July
.9 July

11 July

5
5
5

17.8
7.4
:3.4,

x

P

50.6
10.0

9.6

(
(
(

44.0 ( 1.0)

4.0 ( 8.7)
3.3 ( 5.4)

X = 0..000
d.f. = 1

P = 0.;999

7.-4 ( 77)
8.8 ( 10.8)
3.0 (6.4)

X = 2.676
d-f. = 2

P = 06262

9.6 ( 18.4)
0.9 ( 1.1)
1.5. (1.2)

X = 1.643
d.f. = 2

_P = 0.440

r

= 2. 805
=2
= 0.246

(101.4)
17.5)

( 10.3)

3
3
3

22 Jul.
23 July
26 July

5

55
: 0.922
-2
: 0.631

X = 0.910

P = 0.635

I I
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Appendix 6.7. -Continued.

4
4
4

.5 August
6 August
7 August

5
5
5

41.0
24.0
19.6

x
d.f._

p

(
(
(

46.3)
41.5)
30.4)

9.2
5.1
5.4

8.9)
6.7)
8.5)

2.075
2
0.354

= 3.126
-2
= 0.210

x
d. f.

MelUT

5
5
5

20 August
21 August
22 August

5
5
5

6
6
6

3 September
4 September
5 Septamber

5
5
5

65.2
12.4
13.6

x
d.f.

P

56.2
62.2
83.8

x
d.f.

P

21.4
0.8
1.0

x
d.f.

p

(144.1)
( 22.8)
( 20.3)

1. 029
-2
- 0.598

(54.2)
(108.8)
(171.9)

4.8
1.1 (3.:6 (

10.2)
2.3)
5.9)

X = 1.494
d.f. = 2

P = 0.474

8.1 (
5.5 (
5.1

9.9)
10.9)
10.7)

7
7
7

17 September
18 September
19 Septembe±

5
5
5

(
(

0.671
2
0.715

44.0)
1.8)
2.2)

1.219
2
0.544

X = 0.867
d.f. = 2

F = 0. 648

2.3

0,.10.1 (
4.9)
0.2)
0.2)

) = 1.219
d.f. = 2

P = 0.544

1.6 ( 2.4)
0.0 ( 0,1)

1
1

26 June
27 June

5
5

30.8 (36.7)
1.4, 1.1)

x
d.f.

p

2.827
1
0.093

x

P

0.809
1
0.368
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Appendix 6.7. -Continued.

271

7
9

11

July
July
July

5
5
5

22 July
23 July
26 July

5
5
5

17.4
12.6

2.8

x
d.f.

p

22.2
3.6
3.8

X

_p

19.0
6.8

10.2

((
(

30.8)
26.0)
3.3)

1.050
2
0.592

44.7)
3.8)
2.6)

0.067
2
0.967

2.9
2.3 (
1.0 (

x
d.f.

((
(

2.3
1.2 C
1.1

X=

2.2
0.7
1.4

5 August
6 August
7 August

5
5
5

(
(

x
d.f.

P

20 August
21 August
22 August

3 September
4 Septaer
5 September

5
5
5

5
5
5

13.0
12.2
16.6

x
d.f.

P

52.0
24.0
18.8

Xd.f.

15.0
0.6
0.6

d.f.

(
(

33.71)
7.0)
7.2)

1.002
2
0; 606

17.2)
8.3)

29.5)

0.972
2
0.615

60.4)
23.0)
16.8)

0.561
2
0.755

21.3)
1.3)
0.S9)

5.164
2
0.076

X
d.f.

P

1.1 (
1.2 (
1.0 (

x
d.f.

p

5.3)
4.2)
1.4)

0.159
2
0.924

3.9)
1.7)
i.8)

0.077
2
0.963

2.7)
1.6)
1.9)

2.752
2
0.253

2.1)
1.9)

0.594
2
0.743

11.5)
3.4)
3.5)'

0.197
2
0.906

( 7.2
2.3 (
2.4 (

x

p

7
7
7

17 September
18 September
19 September

5
5
5

(
(

2.3(
0.0o
0.0 (

4.4)
0.0)
0.0)

X = 6.898
d.f. = 2

P = 0.032*

i!
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APerxix. 6.7. -- Continued.

ope-water

1 26 Jure
1 27 June
1' 28 June

.2 7 July
2 9 July

1' July

272

5
5
5

8.2
15.8

2.2

X
d.f.

p

(
(
(

6.1)
17.5)
q.0)

3.288
2
0.193

11.2)

2.5)

4. 393
2
0. 111

1.2 (
1.0 (
0.1 (

;X =

d.f. =

3-.7(
0.0 (
0.1 (

d&f.

1.5)
1ý.7)
0.-2)

3.293
2
0.193

5.i3)
0.0)
0.3)

2.647
2
0.266

5
5
5

6.2 (

1.6 (

x

open-water

3
3
3

4
4

22 July
23 July
26 July

5 August
6, August
7 August

5
5
5

0.6 (
1.8
0.0 (

x
d.f.

p

0.0
1.2

28.2

0.9)
2,7)
0.0)

2-.602
2
0.272

1-6)
55.4)

0.1o
1.,1 C
0.0 (

d.f. =

5
5
5

(
('

o0o
0.07
4.0A

0.1-)
1.9)

0.0)

2.,647
2
0.266

0,0)
1.5)
-7.6)

2.299
2

0.317

30.6)
9.2)
0.4)

0.428
2
0.807

X= 6.531
d.f. =.2

P = 0.038*

x
dCf.

13.7
4w2
0.;2

5
•_5
5

20 August
21 Auguist
22 August

5
5
5

85.6
28.4

xX-f
R._-

(180.4)
,(59.7.)
'( 4.9)

= 1.629
=2
= 0.443

(

X=

dP =
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Apperndix 6.7. -Continued.

6 3 Septeber
6 4 Septnber
6 5September

273

0.7)

13.3)
3.4)

5
4
5

5.0
43.3 (
19.0 (

8.5)
86.5)
32.5)

0.5
6.7
1.9

X = 0.170
d.f. = 2

P = 0.919

X = 0.151
d.f. = 2

P = 0.927
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Apperdix 6.8.-esults of Kruskal-Wallace analysis cc in g total number and
Of ins s withi each sampi session a habitats within

2 and )3 km of lowi wind Cave, JacksoD Co., Ala, 1992. Chi
values (2), degaie of f (d. f.), And probability levels (p) are giv
An aster indicates P < 0.05.

Total number of Mass (rag)
Sampling insects of inst

Habitat session Date D Mean (SD) Mean (Q_)

Nelm*bob

1
1
1

6 July
7 July
8 July

5
5
5

43.2
10.8
12.0

x
d.f.

p

((
(

43.8)
17.2)
7.0)

16.3
57.4

5.5

x
d.f.

p

( 15.9)
(101.1)
( 9.6)

= 1.117
=2
= 0.572

= 3.429
=2
= 0.180

2
2

20 July
23 July

5
5

38.4 (48.8)
64.4 (57.0)

5.7 (7.4)
18.7 (18.8)

x
d.f.

2.8
5.0

51.6

3
3
3

3 August
4 August
5 August

5
5
5

((
(

0.884
1

0.347

2.8)
4.6)

95.7)

2.124
2
0.346

d.f. -P=

4.4 (
6.3 (
3.3 (

X -
d.-f.=

_P

4
4
4

17 August
18 August
19 AUTust

4
5
5

4.0
11.8
19.0

x
d.f.

P

(
(
(

2.2)
6.8)
5.4)

x

12.3
42.2
17.7

x
d.f.

p

2.098

0.295

5.4)
12.7)
5.8)

0,060
2
0.970

9.5)
80.4)
17.0)

0.1430
2
0.931

((
(

8.353
2
0. 015*
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AP~enix 6.8. --cntirnued.

Nelunmbob

275

5 31 August-
5 1 Septenber

5
5

6.6 ( 4C7)
4.6 ( 4.5)

5.3 ( 5.2)
11.1 (19.1)

Xd. f___.
_P

0.707
1
0.401

3.8)
18.0)5-3)

6 14 Septznber
6 15 Sept6nber
6 16 September

5
5
5

7.4
15.4

9.0
(
(

x = 0. 198
d.f. = 2

P = 0.906

1
1
1

6 July
7 July
8 July

5
5
5

16.8
15.6
34.0

xd.f.
p

( 10.1i)
15.5)

(3'6.2)

0.923
=2
--0.630

x
d.f.

P

4.8
3.5
4.3

1.5
5.9

d.f......•

1.5 (
0.6

X=

d.f.__. =

1.7 (
1.3 (
1.,4 (

0.538
=1

=0,.463

5.1)
(5.1)
C 4.9)

1.591

=20.451

1. 1)
1.5)
5.0)

2.7i0
2
Q.258

1.1)
0.8)
1 3)

3.026
2
0.220

2.3)
1.1)
1.3)

1. 189

2
0.910

2

22

20 July
22 July
23 July

5
5
5

16.8
7;2
8.6

x

P

14.6
8.2
9.8

(
(

12.6)

3.984
2
0..136

20.2)
9.6)
7.7)

0.463
2
0.793

3
3
3

3 August
4 August
5 August

5
5
5

(

x C x
d. f.

P
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A~edx6. 8.--Continued.

276

1.0)
2.0)
1.2)

0.736
2
0.692

4
4
4

17 August
18 August
19 Au~gust

5
4
5

18.6
34.3
26.2

x
d.f.

_P

((
(

33.8)
36.3)
18.7)

0.852
2
0.653

0.9 (
1.7 (
1.0 (

x
d.f.

p

-Mvriopfryllunla

5
5

31 August-
1 Septaeber

5
5

8.8 (16.5)
4.0 ( 3.0)

0.7 ( 1.3)
0.1 ( 0.1)

6 14 September
6 15 September
6 16 September

5
5
5

x
d.f.

p

9.8
16.0

5.8

x
d.f.

p

(
(
(

0.563
1
0.452

11.3)
21.3)
4.0)

0.469
2
0.791

X

d.f.=_P

2.6 (
1.1(
0.3(

0.222
1
0.638

4.3)
1.4)
0.4)

X =-2.811
d.f. = 2

P = 0.245

Myriophvliurmb

1
1
1

6 July
7 July
8 July

5
5
5

23.4
42.2
10.2

x
d.f.

p

(
(
(

31.9)
66.6)
8.6)

0.322
2
0.851

2.9
10.2

2.1

((
(

3.0)
14.3)

1,.6)

0.341
2
0.843

Xd..
d.f. -

P=

2
2

20 July
23 July

3
5

57.3 (95.8)
2.0 ( 3.5)

4.3 (7.5)
0.2 (0.4)

3
3
3

3Auust
4Auust
5 August

5
5
5

x
d.f.

p

11.4
20.2
16.8

x
d.f.

P

C
(

1.890
1
0.169

19.9)
39.1)
17.3)

1.531
2
0.465

X _

d.f.=

2.2
1.3 (
1.8 (

X -

d. f.=
_P=

0.029
1
0.864

4.9)
2.8)
1.1)

3.889
2
0.143
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277

II

4
4
4

17 August
18 August
19 Aug~ust

5
5
5

2.0 (
6.8 (
5.4

1.6)
7.6)
6..2)

0.1 (
1.1 (
0.2 ,(

0.2)
1.1.)
0.3)

4. 58o

0.101

X
df.

_P

1.933
2o.:381:

x

p

5
5

31 3August
1 September

5
5

2.4 (4.3)
4.0 (6.4)

0.4 (0.9)
0.3 (00.7)

x
dif.

p

0.107
1
0.743

x
p:f.

0.022

0.882

6 .14 Septebe
6 15 Septerbe
6 16 September

5
5
5

0.4
4.2 (
3.0

0M9)
1.9.)
2-8)

0.0 (
0.0
0.0 (

0.0)
0.0)

0. 000
2
0.999

x
d.f.

6.099
2
0. 047*

X
d..

open-watera

6 July
7 J1ly
8 July

5
5
5

18.8
121.218.4

X
d.f.

P,

23.6
13.0
12.o0

(
(
(

19.1)
9.4)14.6)

3.8
1.0 (
.3.3 (

2.9)
1,.0)
:5.1)

= 0._422
-2
= 0.810

X =,2.679
d.f. - 2

_P ý-0.262

20
22
23

July
July
July

5
5
5

(
(
(

23. 1)
1:3.4)
15.0)

1.83,3
2
0.399

12.6
1.0
1.0

((
(

22;.5)
1.5)
1,9)

2.634
2
0.268

X -
d.f.=

_P= d.f.=F=
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3 August
4 August
5 August

17 A~ugust
.18 Auxgust
19 August

278

5
5
5

9.4
8.0

10.8

X
d.f.

P
3.4

18.8
4.4

X
d.f.

p

(3.8)
13.6)
14.1.)

= 1.479
=2

=0.478

0.8
1.1(
1.7

X=

2.2
0.9 (
0.1

X -

d.-f.:
P=

0.6)
1.5)
1.8)

0,653
2
0.722

4.8)
1.2)
0.2)

2.608
2
0.272

5
4
5

(
(
(

3.9)
27.3)
3.2)

1. 469
=2

=0.480

31 AuguSt
1 Septmnber

5
5

7.2 ( 9.5)
6.6 ( 6.6)

0.5 (0.8)
1.0 (1.4)

Open-watera

14 Septertber
15 Septafmbet
16 S&pternber

5
5
5

X
d. f.

p

9.2
22.4
17.0

x
d.f.

P

11.8
11.2
14.8

0.000
10. 999

X
d.f.=

0.310
1
0.578

(
(

open-aterb

17.3)
34.6)
17.7)

3.984
2
0. 136.

13.1)
20.0)
11.0)

0.424
2
0.809

0..9 (
1..•3 (
1.3 (

X

d.f. =P=

8.2 (
1.7 (
1.6 (

1.7)
2.1)
1.41)

1.520
2
0.416.

12.5)
2 9)
1.1)

1.594
2
0.451

6 July

7 July
8 July

5
5
5

(
(
C

X
d.f.=

FP
x

d.f.
P

20 July
23 July

5
5

9.4 (9.6)
2.4 (1.7)

X = 1.590
=. 1

-= 0.207

0.8 ( 0.6)
0.5 ( 0.5)

X

_P

0,281
i
0.596
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3 August
4 August
5 August

17 Aug'ust
18 August
19 August

279

5
5
5

5.6
18.4
6.8

(
(

X

d.f. =

6.2
7.2 (
7.2

9.8)
36.7)
5.9)

1.385
2
0.500

7.6)
10.0)
5.1)

0.339
2
0.844

0.4 (
1.5 (
1.0 (

x
d.f.

P

0.9)
3 3)

0.9)

2.582
2
0.275

0.7)
0.5)
o0.5)

0.000
2-
0.999

5
5
5

0-.4 *(0.3 *(
0.4 (

X
_P

x
d. f.

p

31 August
1Septarer

5
5

3.8 ( 6.9)
2.4 ( 3.4)

1L.1( 2,.4)
0.3 ( 0.7)

X
d.f.

P

0.050
1
0.823

X

P

0.022
1
0.882

open-water~b

14 September
15; September
16S Septerber

5
5
5

0.4 *(
4.6 (
3.4 (

0.6)
2.5)
1.7)

9.063
2
0. 011*

0.0
0.2 (
,2. (

Xd=
d. f___.

P,=

0.0)
Q,.2)-
2.1)

5.441
2
0.066

X
d, f.

_p

aHabitats located ca. 2 km frcmn Blowing Wind Cave.
bHabitats located ca. 13 km fran Blowing Wind Cave.
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Appendix 6.9. -Esults of analysis of variance total number and mass
of insects sa'pling sessions • habitats w 2 J of Blowi Wind
Cave, Jackson Co., Alabama, 1991. of g ling sessions were: 1, 26-28
June,; 2., 82l Ju; 3, 22-26Ju.ly _14 5"_2 A04i; ._,ý 2022 2 --5

r; 1, 17-19 Sz . F-values (F) d f freedoiý (d.f.) and
prabability levels (P) are gqy . An r iit P < 0.05.

Total number of Mass (Mg)
Sampling insects of insects

Habitat session DMean () Mean (&D)

Field

1.
2
3
4
5
6
7

15
15
15
15
15
15
5

6.4
4.6
3.4

83.2
1.8

21.3
0.4

(6.4)
( 7.7)
(5.8)
(207.3)
(2.6)
(50.2)
(0.9)

15.2
14.5

6.0
8.1
1.3

20.6
0.4

C

(
(
(
(

34.7)
45.5)
12.3)
13.3)
2.6)

73.2)
1.0)

!

F=
J. f.=

_P

1 .77
6
0.114

F =d.f. =
p=

0.50
6
0.804

I
2
3
4
5
6
7

10
15
15
15
15
15
15

5.8
9.5

23.4
28.2
30.4
67.4

7.7

( 5.3)
( 12.3)
( 58.8)

38.2)
(82.8)
(113.2)
( 25.6)

3.7
6.4
4.0
6.:6
3.2
6.3
0.8

(

C

6.8)
8.2)

10.7)
7.7)
6.6)
9.9)
2.8)

F -

d.f.=
_P=

1.71
6
0.127-

d F=d.f.
_p=

1.07
6
0.388
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Apperdix 6.o9. -continued.

myricrtyllum

28"1
I

1
,2

3
4
5
6
7

10
i5
15
15
-1.5
,i5
15
15

16.1
10.9

9.9
12.0
13.9
31.6

5.4

(
(.
(
(
(

29.0)

25.7)
19.5)
18.9)
38.8)
13.4)

0.-8
2.1
1.5
1.4
1.1
4.0
0.8

(
(
(
(
(
(

1.8)

2.5)
2.1)
1.6)
7.1)
2.6)

F,

P=

1.68
6
0.i35

F =
d.f,

1.37
6
0.234

Open-water

1
2
3
4
5
ý6

15
15
15
15
15
14

8.7
2.6
0.8
9,8

38.7
20.9

11.,6)
(6.7)
( 1.7)
( 2.5)

(107.8)
(48.2)

0.7

'1.3
0.4
1.6
6.0
2.8

((
(
(
(
(

1.3)
3.2).
1.2)
4.5)

18.1)
7.2)

F=
p=

1. 19
5
0.322

,F =
d.f.=

P=

0.94
5
0.460
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Apperdix 6.10. -Results of analysis of variance • ing total number and mass
of insects a saml sessions habi within 2 and 13 km of Blowin•
Wind Cave, Jackson Co., Alabama, 1992. tes of sal sessions were: 1, 26
June; 2, 6-8 j2ay; T, 20-23 uy; 4, 3-__55 ; 5, 17-1_9 A ; _6, 31
Mmt-2 Sept 2, 14-16 F-Val (F) o of o (d.f.)

and ili+-V levels (P) are given. An asterisk indicates P < 0.05.

Total nimber of Mass (zrg)
Sapiin1rg insects of insects

Habitat session n Mean (SD) Mean (pp)

Nelumbob

2

3
4
5
6

15
10
15
i4
10
15

22.0
51,4
19.8
12.1.

5.6
10.6

((
(
(
(
(

29.8)
51.9)
56.3)
7.9)
4.5)

10.8)

26.4
12.2

4.6
24.9

8.2
4.2

(
(
(
(

59.66)
15.1)
8.1)

47.8)
13.5)
4.7)

Fd-f
d.f.=

. _P,

2.47
5
0.040*

F-
d.f.

1.23
5
0.305

1
2
3
4
5
6

15
15
15
14
10
15

22.1
10.9
10.9
25,8

6.4
1W.5

((
(
(
(
(

23.4)
11.1)
12.0)
28.4)
11.4)
13.8)

3.1
0.9
1.5
1.2
0.4
1.3

f(
(
(
(
(

3.5)1.1)
1. 5)
1.6)
0.9)
2.6)

d.f. =
_P=

2.35
5
0.048*

F-
d.f.=

_p=

2.43
5
0. 042*

myr-ig~bynumb

1
2
3
4
5
6

15
8

15
15
10
15

25.3
22.8
16.1

4.7
3.2
2.5

((
(
(

(

42.0)
58.8)
25.5)
5.7)
5.2)
2.5)

5.1
1.8
1.7
0.5
0.3
0.0

'C(
(
(
(
(

8.7)
4.5)
3.1)
0.8)
0.7)
0.0)

.F "
d. f__. =

1.65
5
0.158

F=
d.f. =

P.=

2.71
5
0. 027"
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Appendix 6.10.--<30ntinued.

pen-watera

1
2
3
4
5
6

15
15
15
14
10
15

16.5
16.2

9.4
8.1
6.9

16.2

(
(
(
(
(

14.1)
17.3)
10.5)
15.1)
7.7)

23.4)

2.7
4.9
1.2
1.1
0.8
1.2

(
(
(
(

3.4)
13.4)
1.3)
2.9)
1.1)
1.6)

F 1.09
5
0.375

Fd•-
d.f.

_P=

0.97
5
0.440

Open-waterb

2
3

4
5
6

15
10
15
15
10
15

12.6
5.9

10.3
6.9
3.1
2.8

(
(
(
(
(

14.2)
7.5)

21.4)
7.3)
5.2)
2.5)

3.8
0.7
1.0
0.4
0.7
0.5

(C
C
C
(
(

7.6)
0.5)
2.0)
0.5)
1.7)
1.3)

d.f. =
P=

1.45
5
0.218

d.f. =
_P=

2.08
5
0.077

aabitats located ca.
bHabitats located ca.

2 km frao Blowing Wind Cave.
13 km from Blowing Wind Cave.
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Appendix 6.11. ---Results of aasis of varin omarinc total number and mass
Of' iet • s li sessions • hab~itats with•i and 13 km of Blw
FWid _ave, Jacksn Co., Al 1993. Dates of sessio•s : 1,
10-11 Avri; 2, 7-6 May, _3, 11-12 !1"; 4, 10-Il Ju_; 1-, 12 A ," 6, 13-14

• . F-values (F) d of freed (d iiitV leels (p)
are given. An asterisk indicates P < 0.05.

Total number of Mass (rg)
sanp1ig insects. of insects

-Habitat session n Mean (SD) Mean (SD)

Neljmb6b

1

2
.3
4
5
6

5
5
5
5
5
5

0.0
.2.6

25.2
19..0

4.4
0.8

d.f.-

( 0.0),( 5.8)
(18.9)

(24.5)
6.1)

(0.8)

3 . 33
5
0-. 020*

(0.9)
(42.2)
(141.9)( 12.0)
( 71.0)
( 39.2)

0.0
0.4

22-.2
25.4

2.3
1-3

(
(
(i
(
(
(.

0.0)
0.9).4.11)

31.4)
3.9)
1.9)

d.f.-Fr_
1.57
5
0.207

1
:2
3
-4.
5

6

5
5
5
5

5

0.4
21.6
80.0

48.4
46.8

0.*-1
3.1
8.31;1!

5.4
2.9'

(
(
(
(

0.2)
7.0)

14.6)

8.0)
-2.4)

,d.f.-
-P-

0.95
5
0.-470

dF.-
d.f. =

•=
0.79
5
0Q566

3

4
5
6

5
5
5
5
5
5

0.0
0. 8

33.8
37.2
3.6
0.2

(
(
(
(
(

0_0)
1.3)

37.4)
70; 5)
3.4)
0.4)

0.0
0.0
7.6

31.3
2.7
0.0

(
(
(
(
(
(

ý0.0)
0.0)
9.4)'

-40.5)
4.7)00o)

d.f. =
p =

1.49
5
0.229

d.f. -_P=
2.59
5
0.052
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Appendix 6. ii. -- •inued.

Opem-watera

2
3
45

6ý

Open-waterb

5
5
5

5
5

1.2
7.6

55..8
8.8
8.4

68.4

( 2.7)
(13.6)
(61.9)
(13.3)
(15.1)
(106.7)

0.0

3.5
2 .7
1.0
4.9

((
(
[(

(

0.0)
2.3)
2.3)
4.4)
1.5)
7.6)

-=

1ý63
5
0.191

F =
d. f_ .=

1.09
5
0. 389

1
2
3
4
5
6

5
5
5
5
5
.5

0.0
0.4

26.6
14.4

1.4
0.0

((

(
(

0.0)
0.9)

•53.4)
26.4)
1.3)
0.0)

0.0
0.0
3.5
1.2
0.0
0.0

(

•(
(
C

0.0)
0.0)
7.4)
2.3)
0.0)
0.0)

f = 1.03
d.f. = 5

_P = 0.420
d.f. =

_P

1.00
5
0.441

aabitats located ca. 2 km fran Blowing Wind Cave.
bAbitats located ca. 13 km fran Blowinag Wind Cave.
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pe bix6 6.12.--Pesults of analysis of variance 1 total n ane mass
Of inaps iir, sess Ions , habitats wýithin 2 and 13 Rm of Blownc
Wind Cave, Jackson Co., Alabama, 1994. Dates of -mjpli sessions were: 2,
1-2 May; _2, -2 J i ; .3, 5-6 __u ; 4, T- A ; 5, 7- Spt r . F-values
(F) p of freedom (d.f.) and probability levels (P) are .qven. An

-s- ris cs [P < 0.05.

Total numbet of Mass (nq)
SaTrling insect9 of insects

Habitat session n Mean (SD) ,ean (5_)

Nelumbgb

1
3
4
5
6

2
5,
5
5
.5,

.0.5
46.4
17.2

4.4
7.4

((
(.
(
(

0.7.)
58.4)
11.5)

5.3)

0.0
10.2
122.3

0.9
5A3

C
(
(
(

0.0)
16.2)
18. 1)

1.-6)
5.3)

F -
d.C.=

P=

1.81
4
0.173

F = 0.83
d.f. =4

P = 0.525

MyriopLylluma

1
2
3
4
15
6

5
5
5
4
5
5

0.6 ( 0.5)1.8 ( 1.9)

63.6 (101.4)
4.0 (4.5)

1-2.65 ( 11.5)
,2.0 ( 2.8)

F= 1.66
P=05

0¸..i -
0.-4
6.3
0.5
0.8
0.2

(C
(
(
(
(

0.0)
0.7)

11.9)
1.1)

0.3)

IF=
Aj-f_•

1.20
5
0. 340

Itigby11wmrb

3
4
5
6

2
5
5

5

o.0
126.2

2.4
7.6

_F f

P=

'0.0)
(232.9)
(4.3)
(14.3)( 10.6)

0.'0
22.0

0.5
0. 7

(
(
(
(

0.0)
44.6)
0.5)
0.1)

1.11
4
0.386

F= 0.96
d.f. = 4

P= 0.453
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Appendix I6.12. -- ontinued.

Open-watera

1 5
2 5
3 5
4 4
5 5
6 5

Qpen-waterb

287

0.0
3.6

136.8
0.8
8.8
1.0

F=
d.f. =

_p=

(0.0)
(6.4)
(219.5)
(0.5)
(15.3)
(1.4)

1.77
5
0.160

0.0
0.4

20.3
0.0
0.4
0.1

((
(
(
(

0.0)
0.7)

40.0)
0.0)
0.9)
0.2)

.F_•
P=

1.20
5
0.338

1
3
4
5
6

2
5
5
5
5

0.0
17.0

3.8
2.0
2.4

(
(
(
(
(

0.0)
21.8)
5.0)
2.0)
3.2)

0.0
2.1
0.5
0.1
0.3

(
(
(
(

0.0)
3.8)
0.5)
0.3)
0.3)

f = 1.74
d=., - 4

F = 0. 188

F -
d.f.=

P=

0.98
4
0.447

aHabitats located ca. 2 k)n frxn Blowing Wind Cave.
bHabitats located ca. 13 )an frcn Blowing Wind Cave.



Best et al. -Mxbargered Gray Bats 288

Appendix 6.13.--Resultsa of anlysis of varianxe r total number and
mass of gns gots p habitats within amln sessions at sites within 2 km of
BlowinW Wind caej Jackson Co., Alabama, 1991. F-valUes (F) d_ e of tfredom
(d.f.) and probability levels (P) are given. An asterisk indicates P < 0.05.

Total number of Mass (rqg)
insects of insects

Date Habitat n Mean (SD) Mean (LD)

26-28 June

Field 15 6.4 (6.4) 15.3 (34.7)
Nelumbo 10 5.8 (5.3) 3.7 6.8)
*iophvllum 10 16.1 (29.0) 0.8 ( 1.8)
open-water 15 8.7 (11.6) 0.7 (1.3)

F=1.06 F =l1.78
d.f- =3 d.f. = 3

P = 0.376 P = 0-i64

8-11 July

Field 15 4.6 (7.7) 14.5 (45.5)
Nelumbo 15 9.5 (12.2) 6.4 (8.2)
Mvriophyllum i5 10,9 (22.5) 2.1 (3.8)
Open-water 15 2.6 (6.7) 1.3 (3.2)

_F = 1.24 _F = 1. 01L
= 3 d•f = ý3

P = 0.305 p = 0.394

22-26 July

Field 15 3.4 (5.8) 6.0 ( 12.3)
Neltunbo 15 23.4 (58.8) 4.0 (10.7).
Mytigohvllum 15 9.9 (25.7) 1.5 (2.6)
Open-water 15 0.8 (1.7) 0.4 (1.2)

F - 1.48 F = 1.40
d.f. 3 d.f. = 3

P 0.231 P = 0-253
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5-7 August

Field 15
Nelumbo 15
Myriochyllm 15
Open-water 15

20-22 August

289

83.2
28.2
12.0

9.8

(207.3)
(38.2)
(19.5)
(32.6)

8;1
6.6
1.4
1.6

((
(
(

13.3)
7.7)
2.1)
4.5)

d.f. =
P=

1.54
3
0.215

d.f. =
P=

2.71
3
0.054

Field
Ne)umbo
Oeriovn-wa
Open-water

15
i5
15
15

1.8
30.4
13.9
38.7

( 2.6)( 82.8)
(18.9)
(107.8)

1.3
3.2
1.1
6;0

(
(
(

2.6)
6.6)
1.6)

18.1)

_F=
d.=f

0.87
3
0.461

F -

d. fCz
_p=

0.83
3
0.485

3-5 September

Field
Neliumro
Myriopehyllopenýter

15
15
15
14

21.3
67.4
31.6
20.9

( 50.2)
(113.2)
(38.8)
(48.2)

i.48
3
0.230

20.8
6.3
4.0
2.8

((
(
(

73.2)
9.9)
7.1)
7.2)

E =
d.__• =

_P=
d.f.=

_P

0.73
3
0.537

17-19 September

Field
Nelunmo
_Myrigghy1liure

5
15
15

0.4
7.7 (
5.4 (

0.9)
25.6)
13.4)

0.4 (
0.8
0.8 (

1.0)
2.8)
2.6)

F. =
d.f-

0.28
2
0.759

d.f. =
P=

0.05
2
0.955

a p< 0.05.
* Significant at 0.05 level.
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Appendix 6.14.-Results of analsi of variance m total number and mass
of insects am habitats within sampin sessions at sites within 2 and 13 km
of Blowing Wind Cave, Jackson Co., Alabama, 1992. F-values (F) d_- of
freedom (d.f.) Aad probability levels (P) are ci . An asterisk indicates P <
0.05.

Total number of Mass (mg)
insects of insects

Date Habitat n Mean (SD) Mean (SD)

6-8 July

Ne1mob 15 272.0 (29.8) 26.4 ( 59.6)
rophyllma 15 22.1 (23.4) 3.1 ( 3.5)

=riophv11nP 15 25.,3 (42.0) 5.1 (8.7)
OPe)-jWatra i5 i6.5 (14.1) 2.7 (3.4)
Cen-waterb i5 12.6 (14.2) 3.8 (7.1)

F =1.48 F = 0.73
d.f. =3 d.f. = 3

P = 0.230 P = 0.537

20-23 July

Ngelumbob 10 51.4 (51.9) 12.2 (15.1)
i p15 10.9 (11.3) 0.9 (1.1)

MvriophyllU.b 8 22.8 (58.8) 1.8 (4.5)
Open-watera 15 16.2 (17.3) 4.9 ( 3.4)
open-waterb 10 5.9 (7.5) 0.7 (0.5)

F = 3.23 F = 2.75
d~f. = 4 d.f. = 4

= 0.019* P = 0.038*

3-5 August

Nelumbob 15 19.8 ( 56.3) 4.6 ( 8.1)
M 15 10.9 ( 13.0) 1.5 ( 1.5)
MYriophyllu] 15 16.1 ( 25.5) 1.7 ( 3.1)
Open-batea 15 9.4 (10.5) 1.2 ( 1.3)
Open-%at•"4  15 10.3 (21.4) 1.0 ( 2.0)

F= 0.33 F =2.04
d.i. = 4 dd.f = 4

P = 0.856 P 0.098

i

!l
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Appendix .6. 14. -Continued.

17-19 August

Nelmbob 14 12.1 ( 7.9) 24.9 ( 47.8).yrriophynuma 14 25.-9 ( 28.4) 1.2 ( 1.6)
Myrhtyh 15 4.7 ( 5.7) 0.5 ( 0.8)
open-watera 14 8.1 ( 15.1) 1.1 ( 2.9)
open-waterb 15 6.9 ( 7.3) 0.4 ( 0.5)

F = 4.37 F = 3.70
d.f. = 4 d-f. = 4

P = 0.003* P = 0.009*

31 A1*just-I Septemiber

Nelltlnbob 10 5.6 (4.5) 8.2 (13.5)
R1i:hyll6ma 10 6.4 (11.4) 0.4 (0.9)
njiOhilur 10 3.2 (5.2) 0.3 (0.7)
Open-wateza 10 6.9 (7.7) 0.8 ( .1.1)
Open-waterb 10 3.1 ( 5.2) 0.4 ( 1.7)

F = 0.61 F = 3.09
d.f.- =4 d.f. = 4

= 0.661 P = 0.025*

14-16 Sept•iter

Nelimbob 15 10.6 (10.8) 4.2 (4.7)iohll 15 10.5 (13.8) 1.3 (2.6)
Mzri 15 2.5 (2.5) 0.0 (0.0)
Op en watera 15 16.2 (23.4) 1.2 (1.6)
open-waterb 15 2.8 (2.5) 0.5 C 1.3).

F=2.94 F = 5.91
d.f. = 4 d.f. = 4

= 0.026* T - 0.001*

&Babitats located ca. 2 km from Blowing Wind Cave.
blabitats located ca. 13 km frmin Blowing Wind Cave.
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Appendix 6.15.-,Results of analysis of variance o tatal number _and mass
of insects a habitats within sali sessio at sites withiUn 2 an-xd 13 km
of B1og Wind Cave, Jackson Co., Alabama, 1993. F-values (F) d of
f (d.f.) and prcbgbility levels (P) are g4_. An asterisk indica P <
o.05.

Total number of Mass (mg)
insects of insects

Date Habitat n Mean (SD) Mean (SD)

10-11 April

Nelumbob 5 0.0 ( 0.0) 0.0 ( 0.0)
5iophlluma $ 0.4 ( 0.9) 0.1 ( 0.2)

?yiophYllumi 5 0.0 ( 0.0) 0.0 (0.0)
Open-watera 5 1.2 ( 2.7) 0.0 (0.0)
Opeh-wate•b 5 0.0 ( 0.0) 0.0 ( 0.0)

F = 0.85 F = 1.00
d.f. = 4 d.f. = 4

P = 0.510 P = 0.431

7-8 May

NeluTbob 5 2.6 ( 5.8) 0.4 ( 0.9)
Myriophyvluma 5 21.6 ( 42.2) 3.1 ( 7.0)Myriophyllumfb 5 0.8 ( 1.3) 0.0 ( 0.0)

Open-%atera 5 7.6 13.6) 1.3 ( 2.3)
Open-waterb 5 0.4 1.9) 0.0 ( 0.0)

F 0.98 F = 0.78
d.f. =4 d.f. = 4

P - 0.440 P = 0.551

11-12 June

Nelumbob .5 25.2 ( 18.9) 22.2 ( 41.1)
Myriohlluma 5, 80.0 (141.9) 8.3 ( 14.6)
MyriophylluP 5. 33.8 ( 37.4) 7.6 ( 9.4)
Oen-watera 5 55.8 ( 61.9) 3.5 ( 2.3)
Open-waterb 5 26.6 ( 53.4) 3.5 ( 7.4)

F = 0.48 F = 0.73
d.f. = 4 d.f. = 4

= 0.750 P = 0.583
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Appendix 6.15, -- Continued.

0io-1 July

NelumbI b 5 19.0 ( 24.5) 25.4 ( 31.4)
rohlluva 5 6.8 (12.1) 1.1 (2.2)

Mvibhr1 5 37.2 (70.5) 31.3 (40.5)
Open-ýwatera 5 8.8 (13.3) 2.7 (4.4)
Open.•aterb 5 14.4 ( 26.4) 1.2(2.3)

F =2.06 F = 0.56
= 4 d.f. =4

P= 0.124. P 0Q.695

1-~2 "Aigist

Nellubob 5 4.4 ( 6.1) 23 ( 3;9)
,Mv~iDfvllr~ 548..4 ( 71.,0) .5'..4 ( 8. 10)

mvriq~llu 5 3.6 ( 3.4.) 2.7 (4.7),
Ftera 5 8.4 (5.1) 1.0 (1,5)

oCn-Amterb 5 1.4 (1.3) 0.0 (0.0)

F= 1.92 F 0.99
d.f =4 d._f. 4

P = 0.146 P = 0.434

1-14 Septsler

.eluybob 5 0.8 ( 0.9) 1.4 ( 1.9)

.yiogyllu 5 46.8 ( 39.2) 2.9 (2.4)
,r Vn11: 5 0M2 0..4) 0.0 (0.0)

"0pen.wtera 5 68.4 (106.7) 4.9 (77.6)
,p t 5 0.o (O0.) 0.0 ( 0.0)

F= 2.02 F=1,63
d.f. = 4 d.f.= 4

P = 0.131 P = 0.206

a~abitats located ca. 2 km frui Blow"ing Wind Cave.
gbitats located ca. 13 kim from BIadcng. Wind Cave.
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Appendix 6.16. -Results of analysis of variance cmoari total number and mass
of insects a habitats within sapling sessions at sites within 2 and 13 km
of B -owin Wind C~ve, Jackson C., Alabamia, 1994. F-values (F) r of
freedczn (d.f.) and probability levels (P) are gi . An asterisk indicates P <0.05.

Total number of Mass (mg)
insects of insects

Date Habitat n Mean (S) Mean (S0)

7-8 Apri

NelUnb

ri ophyllum•P
O -watera
Open-watezb

2
5
2
25
2

0'.5
0.6
0.0
0.0
0.0

(•
(
(
(
(

0.7)
0.5)
0.0)

0.0)

0'. 0
0.0
0.0
0.0
0.0

(
(
(
(

0.0)
0.0)
0.0)
.0.0O)

F = 2.10
d.f. - 4

= 0.149

1-2 May

MriophylluPaOpn-4tera 5
5

1.8 (1.9)
3.6 ( 6.4)

= 0.36
d.f- = 1

-= 0.560

0.4
0.4

0.7)
0.7)

F = 0.00
d.f. =I

1-2 June

Nelu*,•
Myriophyllum

cioen-,ate•a
opebn-waterb

5
5

5
5

46.4
63.6

126,:2
136.8

17.0

( 58.4)
(101.4)
(232.9)

(219.5)
( 21.8),

10.-2
6.3

22.0

20.3
2.1

(
(
(
(

,16 .2)
1.1.9)
44.6)
40.0 )

3,.8)

F = 0.57
d.f_. = 4

P = 0.685

F = 0.47
d.f. 4

P = 0.756
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Appendix 6.16. -- Continue3.

5-6 July

Nelumbob 5 17.2 (11.5) 12.3 (18.1)
Myriophyll !ta 5 4.0 (4.5) 0.5 (1.1)
Myriophyl.umD 5 2.4 4.3) 0.2 (0.5)
Open-watera 5 O.A (0.5) 0.0 (0.0)
open-waterb 5 3.8( 5.0) 0.5 ( 0.5)

F = 4.93 F = 1.92
d.f. = 4 d.f. = 4

P = 0.007* P = 0.151

6-7 August

Nellurto) 5 4.4 (4.1) 0.9 (1.6)
Myriophylluma 5 12.6 (11.5) 0.8 (0.9)
Mvriophvllum" 5 7.4 ( 14.3) 0.5 (1.1)
Open'watera 5 8.8 ( 15.3) 0.4 (0.9)
open-waterb 5 2.0 ( 2.0) 0.1 (0.3)

F=0.70 F = 0.46
d-.f. = 4 d.f. =4

= 0.599 P = 0.766

7-8 Septenber

Nelumbob 5 7.4 ( 5.3) 5.3 ( 5.3)
Mio hvb ltvP 5 '2.0 ( 2.8) 0.2 ( 0.3)
MVrioqphivl1un 5 7.6 ( 10.6) 0.7 (0.7).)

Open-watera 5 1.0 1.4) 0.1 ( o.2)
Opn-wateirb 5 2.4 (3.2) 0.3 ( 0.3)

F = 1.57 F = 4.37
d.f. = 4 d.f. =4

P = 0.221 P = 0.01-1*

agabitats located ca. 2 km from Blowing Wind Cave.
bbitats located ca. 13 km frum Blowing Wind Cave.
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1.0 PURPOSE

TVA-SPP-5.14 Environmental Auditing Process directs Environmental Auditing to conductaudits of agency facilities, activities, and contractors. This implementing procedure providesguidance for conducting such audits and helps ensure that audits are comprehensive,
systematic, objective, and independent.

2.0 SCOPE

A. Environmental Auditing provides TVA corporate management and operations
managers with thorough, timely, and accurate information on the effectiveness of thefacility's environmental program, implementation of the TVA EMS at the facility leveland the facility's compliance with environmental laws, regulations, and the TVA EMS.The audit will focus on the time period since the previous audit of the same
facility/region.

B. Environmental Auditing meets the guidelines and provisions of

1. ISO 14001 Environmental Management Systemr Specification.with Guidance.for
Use (2004)

2. ISb 19011S Guidelines for Quality arid/or.,Enivironmental Manaaement Systems
Auditing - U.S. Version With'SU'plemerntal Guidance Added (20041SO 19001)

3. Environmental Protection Agency's (EPAS) Environmental Auditing Policy
Statements, Federal Register, Vol. 51, July 9, 1.988 and Vol. 59, July 28, 1994

4. The Auditing Roundtable's Standards for Performance of Environmental, Health,
and Safety Audits, February 19 93

5. EPA's Generic Protocol for Conducting Environmental Audits of Federal Facilities,
December 1996

2.2 Environmental Management System (EMS) Audits

TVA EMS audits are comprehensive, addressing the implementation and effectiveness ofthe EMS at the facility level and the facility's compliance with'the TVA EMS and withregulations governing air, water, toxic substances, solid and hazardous wastes, and otherenvironmental areas. These audits also address compliance with TVA environmental
policies.

2.3 Unannounced Audits

The scope of unannounced audits is limited to one regulatory area (eg., hazardous waste,
air, PCBs, solid waste) and will focus only on compliance issues. The auditwill includerecords review, interviews, and site inspections.

2.4 Program Audits

Program audits assess environmental issues such as SBU/BU level implementation of theTVA EMS or TVA-wide issues that cannot be adequately addressed in facility-level audits.
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2.5 Environmental Restricted Awards List (ERAL) Audits

ERAL audits assess environmental and financial risks of companies currently on or being
considered for TVA's ERAL. These include vendors responsible for manaaina and
disposing Of TVA's wastes as defined in TVA-SPP-5.17 Environmental Restricted Awards
List (ERAL) Procedure.

3.0 PROCEDURE

3.1 Roles and Redponsibilities

Audit Steerinq Team

A. The Audit Steering Team is comprised of members from the SBUS/BUs, EP&P Staff
(Team Lead Environmental Auditing) and the Office of the General Counsel (OGC).
Participation from front-line employees is encouraged. The Team:

1. Participates in the annual Team meeting

2. Provides input on 1"VA-SPP-5.14 and, EP&P's implementitng procedures

3. Provides input for facilities and programs to be audited

4. Reviews draft audit schedule and identifies scheduling conflicts and solutions

5. Evaluates the process indicator data and addresses any process issues

B. The Team meets annually in the fourth quarter of the fiscal year and periodically during
the year as needed. Issuesý may be communicated by the Audit Steering Team Lead
to the Environmental Peer Team (ENVP'T) for guidance.

Environmental Auditing Manager

The Environmental Auditing'Manager is responsible for the following:

A. Ensure development and maintenance of the audit procedure

B. Ensure development and maintenance of the audit schedule, ini collaboration With Audit
Steedring Team, and arrange for necessary resources

C. Assign-audit teams

D. PerfOrm lead auditor or auditor duties

E. Ensure proper format, accuracy, clarity, consistency, and thoroughness of audit reports

F. Ensure audit data is provided for quarterly status reports

G. Ensure issuance of reports on audit process indicators

H. Manage Environmental Auditing's budget

I. Ensure professional conduct of audits
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Roles and Responsibilities (continued)

J. Certify lead auditors

K. Ensure training of lead auditors and auditors

L. Ensure maintenance of audit guides, issues lists, and other audit tools

M. Ensure maintenance of environmental audit files (e.g., audit reports)

Lead.Auditor

Lead auditors are responsible for the following!

A. Assist Environmental Auditing Manager in preparing schedules, assigning audit teams,
developing budget documents, maintaining the audit procedure, preparing audit
process Indicator and quarterly status repob•ts, maintaining audit guides and issues
lists, and maintaining audit files

B. Lead the assessment of the effectiveness of the environmental program at the facil~ity,

and the evaluation of the facility's implementation of and compliance with the IVA EMS

C. Ensure professional conduct of audits

D. Certify auditors in each regulatory area

E. Prepare facility audit announcement

F. Make specific arrangements for conducting audits

G. Communicate specific assignments to audit team members

H. Prepare pre-audit information package for team members

I. Direct conduct of audits

J. Direct preparation and peer review of audit reports

K. Ensure proper format, accuracy, clarity, consistency and thoroughness of audit reports

L. Sign final audit reports

M. Present audit results to facility management

N. Ensure that the EP&P Learming Development Representative enters audit results into
the audit tracking system

0. Distribute final audit reports

P. Complete pre-job and post-job safety checklists
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1 Roles and Responsibilities (continued)

Environmental Auditor

A. Environmental auditors are responsible for the following:

1. Prepare for assigned audits

2. Complete assignments in accordance With this procedure

3. Prepare audit report input

4. Participate in the peer review of audit. reports

5. Develop and maintain audit guides and issues lists, as assigned

B. Environmental auditoris must have the following qualifications and, skills:

1. Experience and skill in interpiersbnal relations

2. Good oral and Written communication skills

3. Understanding of environmental management systems

4. Experience in and knowledge of techniques for organizing complex activities and
motivating peopie to achieve goals and objectives

5. Overall knowledge and understanding of environmental laws and regulations

6. Understanding Of.T VAoperations and environmental practices

7. Understanding of quality assurance

Cledcai Support

EP&P clerical staff provides secretarial-and administrative services to the Environmental
Auditing staff, as needed.

Learning :Development Representative.(LDR)

The EP&P LDR provides support for lead auditors and audit team by tracking and analyzing
auditfindings and corrective actions, distributing audit reports, and providing other services'
as needed.
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3.1 Roles and Responsibilities (continued)

Audit Assistant/Observer

A. Staff from other TVA organizations may accompany the audit team as Audit
Assistants/Observers. There are no specific qualifications or responsibilities for an
Audit Assistant/Observer. They may observe one or more regulatory area during an
audit and/or assist the audit team by reviewing records or performing other routine
tasks. The assistance is done under the direct supervision of an auditor. Approval to
accompany the audit team must be obtained from Environmental Auditing and the
audited facility before the audit. The Audit Assistant/Observer.s organization is
responsible for their travel, per diem, and salary expenses.

B. Persons from other agencies o"r companies may occasionally accompany audit teams
as observers. Arrangements for such a visit must be approved by the Environmental
Auditing Manager and the management of the audited facility.

3.2 Auditor Training, Certification, and Development

3.2.1 Auditor Training

Upon joining Environmental Auditing, a new auditor and the Environmental Auditing
Manager develop a training plan. This plan is designed to get the auditor certified in as
many regulatory areas as practical and to help the new auditor become familial With auditing
methods and techniques. The training plan generally consists of:

A. An introductory course in environmental auditing taken within six months after joining
Environmental Auditing.

B. Self-study and/or formal training in each regulatory area (e.g., Clean Water Act,
Resource Conservation and Recovery Act, and Toxic Substances Control Act).

C. ISO 14001 EMS introductory course taken within one year after joining Environmental
Auditing.

3.2.2 Lead Auditor Certification

A. An auditor must become certified before leading an audit. To be certified as a lead
auditor, knowledge and Understanding of the following must be demonstrated:

1. Auditing principles and standards

2. TVA operations, including experience in dealing with environmental issues at TVA
facilities and an understanding of how regulations apply to TVA operations

3. Federal, state, and local environmental regulations, and TVA environmental

policies and procedures

4. Controls needed to maintain compliance in various TVA operations

5. Auditing techniques

B. Detailed requirements for certification are shown in Appendix B.
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312.2 Lead Auditor Certification (continued)

C. Lead auditors are also required to obtain EMS and Compliance certification from the
Board of Environmental Auditor Certification (BEAC) or an equivalent certification.

3.2.3 Regulatory Area Certification

A. Auditors and lead auditors are to become certified in all regulatory areas in accordance
with their training plan.. Certification means that the auditor understands the regulatory
requirements and is able to apply that knowledge in an audit. An auditor or lead
auditor certified in a regulatory area may certify a new auditor.

B. A new auditor first becomes knowledgeable of applicable federal, state, and local
regulations, Environmental Auditing audit guides, and other materials. They then
participate in an audit where they observe the certified auditor conduct that portion of
the audit. In a subsequent audit, a new auditor has complete responsibility for the
regulatory area and is observed by the trainer and then certified. Certification is
documented. The Environm'ental Auditing Manager may waive the certification
requirement if it is determined the auditor has thorough knowledge of the regulatory
requirements and is able to apply that knowledge in an audit.

C. Regulatory areas certifications include:

1. Air

2. Asbestos

3. Drinking Water

4. Emergency Planning and Community Right to Know Act (EPCRA)

5. Hazardous Wastes

6. National Environmental Policy Act (NEPA)

7. Oil Pollution Prevention

8. Pesticides

9. Polychlorinated Biphenyls (PCBs)

10. Solid Waste

11. Underground Storage Tanks

12. Used Oil

13. Water
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3.2.4 Professional Development

A. Lead auditors and auditors should take at least 80 hours of training each year.
Training may address any of the following elements:

1. Environmental regulations

2. EMS auditing techniques

3. Internal audit methods and standards

4. Interpersonal skills

5. Oral and written communications

6. Industry developments in environmental compliance and controls

B. The Envirohmental Auditing Manager discusses training opportunities and needs with
each auditor. Specific training assignmients are made a part of each auditor's personal
goals and objectives for the next fiscal year. Training may include TVA and'non-1lVA
courses. Training progress is reviewed quarterly.

3.3 Audit Scheduling

3.3.1 EMS Audits

A. Environmental Auditing, based on input from SBUs and the Audit Steering team,
identifies and maintains a list of all TVA facilities and activities to be audited.
Environmental Auditing prepares an annual schedule and presents it to the Audit
Steering Team for review by July 1. Environmental Auditing finalizes and distributes
the schedule to the Audit Steering Team by AUgust 1. The schedule may be adjusted
during the year if conflicts develop. Any schedule revisions will be coordinated with
affected operating organizaitons. Unannounced audits are not shown on the schedule.

B. Given the large number of TVA facilities:that potentially pose environmental risk, an
important issue facing the environmental audit program is how to make best use of
available audit resources. A quantitative systematic risk-based process to select and
schedule audits is used to ensure available audit resources are Used effectively.
Appendix A describes the procedure used in risk-based scheduling.

3.3.2 Unannounced Audits

A. A limited number of unannounced regulatory compliance audits will be conducted each
year. These audits will help verify that facilities are prepared for unannounced
regulatory insPections.

B. The decision on which facilities will receive unannounced audits is based on such
factors as:

1. Closure time for previous findings

2. Likelihood of a regulatory inspection
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3.3.2 Unannounced Audits (continued)

3. Compliance history

4. Implementation and effectiveness of EMS

5. Time since the last audit

6. Regulatory or organizational changes since the last audit

C. The audit will generally consist of two auditors and be completed in one day.,

3.3.3 Program Audits

A limited number of program audits may be conducted eachoyear. Selection of program
audits is based on input from the Audit Steering Team, the EMS Steering Team, the
ENVPT, and T"VA management.

3.3.4 ERAL Audits

Approximately 12 ERAL audits will be scheduled and conducted each year in accordance
with TVA-SPP-5. 17 Environmenta, Restricted Awards. List (ERAL) Prodedure.

3.4 Audit Protocol

The following describes the protocol for conducting EMS audits: Theie are minor variations
when conducting unannounced, program and ERAL audits. For example, no ahnouncem'nent
memo is issued for unannounced aUdits. Specific guidelines for unannounced, pr'gtram and
ERAL audits are maintained on the Environmental Additing's networked €omnsuter .stystem:.

3.4.1 Audit Identification

Each audit is assigned an identification number. The audit number consists of a set of
letters followed by a set of:nUmbers. The letters identify the facility tobe aued. Six
numbers are, used to identify the scheduled date of the audit Ientrance meeting. For
example, CUF-02-03o06 identified an audit of Cumberland Fossil Plant with a scheduled
entrance meeting date ofMarch 6, 2002. Audit numbers for unannounced audits will identify
the media audited; for example, CUF(HW)-02-03-06 for a hazardobus waste audit.

3.4.2 Pre-site Visit

A. Audit Preparation

1. About four weeks before a scheduled audit, the lead auditor should beginpreparation by referring to the lead auditor package. This package is maintained
on Environrehtal Auditing's netwrkted corputer system and includes, among
other things;

a. A detailed list of lead auditor responsibilitiesltor each audit phase- pre-site,
onsite, and post-site visit

b. An announcement memorandum, audit documents checklist, audit
coordination form, and environmental audit information handout
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3.4.2 Pre-site Visit (continued)

c. A pre-audit questionnaire to be completed by facility staff before the audit

d. Entrance, pre-exit, and exit meeting outlines

e. Entrance and exit meeting attendance forms

f. Audit interview schedule form

g. Standard audit report format

h. Audit Quality questionnaire

2. The lead auditor or designee contacts the audited Lead Manager and/or
environmental contact to discuss the audit and to confirm entrance meeting
arrangements. At this time, the pre-audit questionnaire issent to the
environmental contact to complete and return. The enviroirnmental Contact of the
audited facility is informed that an onsite work area equipped with a telephone will
be. needed by the auditors, ra'and that dertain rec ords and file materials will be
needed in the work area. when the aqdit ,team ar rives at the site.

3. The lead auditor or designee should prepare the annbuncement memorandum
and aUdit4do'uments checkliisi for'transmittal to the Lead Manager of the audited
facility. Copies of the memorandum are sent to off-site management of the
au dited operatin, 6GO, Environmental Auditing staff, and others as appropriate.

4. Approximately one week before the entrance meeting, the lead auditor should
confirm work ar ea and odcument review arrangements withthe environmental
contact.

5. The lead auditor is responsible for preparing the audit coordination form and
environmental audit information handout If outside exp0ertise is needed, the lead
auditor is responsiblýe• , cordinating necessary arrangemndts. The lead auditor
or designee Makes travel6 arrangemnýetslfor. the audit teaimi.

6. AUditors are.generally assigned to a specific audit When the ahnual audit
schedule is prepared. T•h leadauditor is responsible for coordinating auditor
sel ction changes when schedule conflicts occur or specific technical expertise is
needed.

B. Gathering Background Information

1. The lead auditor is responsible for ensuring that audit information is provided to
each audit team member about two weeks before the audit. The package
includes:

a. Audit announcement memorandum and attachments

b. Audit coordination form

c. Environmental audit information sheet
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3.4.2 Pre-site Visit (continued)

d. Completed pre-audit questionnaire

2. Auditors prepare by reviewing the audit information package, EMS audit
protocols, applicable regulations (federal, state, and local), facility environmental
procedures, ard Environmental Auditihg files. Auditors also obtain audit guides
and issues lists for assigned regulatory areas, These are main6tained by
Enviro0nmental .Auditkng staff on the networked computer system.

C. Audit Team Meetirig

The lead auditor should meet with the aUditteam approximatel.y:one week before theentrance meeting to confirm final audit arrangements and ensure that computer
equipment, manuals, regulations, safety equipment, and other items are available for
the audit. The lead auditor Should ensure assignments areoclear for compleiting the
EMS review. The Ore-job safety checklist: is usually completed during this meeting.
After this meeting, the lead auditor should call ,the enviroirnmental contacdt br Lead Site
Manag'er t0:c6nfirm arrangements for the entrance imeeting.

3.4.3 Onsite Activities

A. Entrance Meeting
1. The entrance meeting is scheduled and conducted at the convenience of the

Lead Manager of the audited faciity. The audft team should arrive at the site 15-
30 'minutes before the time of the meeting.

2. The lead auditor conducts the entrance meeting and distributes an attendance
form. An environmental audit iniformation sheet is provided to each attendee for
reference. The lead auditor offers to have the. audit team meet with the manager
and environmental contacteac:h day to summarize results.

3. Consistent with the pre-job safety checklist, the: lead auditor-will:

a. Confirm audit team Work room or space location

b. Confirm work hours ard restrictions on Working past the normal shift hours

c. -Review safety equipment needs (shoes, hard-hats, safety glasses, hearing
protection)

d. Verifywhether therelare any areasat the facility undergoing construction,
rmaintenance, or outage activities

e. Request facility staffto come to the team work room for audit interviews and
to escohta uditor for site inspections
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314.3 Onsite Activities (continued)

B. EMS Overview Meeting and Site Tour

1. After the entrance meeting, the lead auditor facilitates a meeting with the entire
audit team and the facility environmental contact to obtain EMS overview
information. The auditteam poses questions regarding how the EMS is
implemented and functions at the facility.

2. The audit team may take a guided tour of the site with the environmental contact.

C. Gathering Information

D. Audit information is gathered by interviewing, obsJrving, records revieW, and sampling.

1. Interviewing

a. Whenever possible, interviews will be scheduled and conducted in an area
free from dist-action. The auditor has- discretion on Who should be included
in the interview. The auditor definesthe; topics to be co vered before the
interview begins.

b. Standard audit interview techniques, including use of open-ended questions,

are used. "How does this-work?", ",How do you know?" or "How do you
ensure?" types of questions are preferred in determining the effectiveness of
the facility :environmental program and EMS implementation. Auditors are
discouraged from relying on checklists during the interview and take only
brief notes t6 identify key information from the .interview. As soon as
practical following each interview the auditor prepares expanded hotes to
more completely summarize theinformfation from the interview. Tape
recorders are not used during interviews.

2. Observation

Observation involves inspecting the facility and various EMS implementation and
compliance activities. For example, if a facility is required to take water samples
or conduct inspections, these activities may be observed by the auditor. If no
activities are scheduled, the auditor may request a demonstration of activities
unless it involves impracical startup and operation of equipment. All potential
issues (findings and observations) are noted and discussed With the appropriate
personnel at the time of discovery. Pictures may be used to document
observations for the eyi meeting.

3. Records Review

Records review consists of examining documentation to ensure accuracy and to
compare practices agaihst EMS and cbmpiiance requirements. This activity
verifies the existence of documents which provide evidence that the EMS is being
effectively implemented and that the facility is in compliance with the TVA EMS
and regulatory requirements.
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3.4.3 Onsite Activities (continued)

4. Sampling

Sampling is a process where evidence is gathered by examining only a portion of
a broad array of items. Because of time constraints, it is often .necessary to usesampling in interviews, observations, and records reyiew. Sampling methods that

may be used include random, sampling, block sampling, and stratified. sampling.
The criteria to be Used, in selecting the. Size of the sample .are"

a. The importance of the information in evaluating the effectiveness of the
facility's environmental program

b. Risk of overlooking a finding

c. Probability of a finding

d. Available time

E. Documehtation of Auditor Work

1. D6cumentation of information collected during an audit should be sufficient,
reliable, relevant, and useful'to provide a sound basis for reporfing on the

eveness of the facility's environmental program, implementation of the TVA
EMS, findings, and observations. Written notes, along with memoranda, reports,
letters, pictures and Other documents constitute documentation. Each subject
reviewed in the audit is to be documented sufficiently so that the lead auditor or
another auditor of similar skill could confirm the conclusions of the first auditor.
The auditor's written notes need to be legibly written or printed in ink with date,
.page number, auditodr'sinitials, and facility name on eac h page.

2. Auditor notes are discardbd after all corrective actions have been closed. Notes
from ERAL audits are discarded after the decision is miade on whether to ihclude
the facility on the ERAL

F. Evaluating Resul. ts

Before daily briefings and the pre-exit and-exit meetings, each auditor and the team
eyvaluates informa-tion gathered from interviews, observation, and records. review. The
info.rmation -is compared to regulatory and EMS requirements. The. lead auditor is in
contact with the audit team members throughout the audit to determine how the
information collected is to be, included in the report.

G. Pr-eexit.Meetings

It'is important for the audit team to have a well-organized presentation of audit results
prepared for the exit meeting'. This is accomplished by initially conducting an audit
team peer review and then ai.meeting with the facility's staff.
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3.4.3 Onsite Activities (continued)

1. Audit Team Peer Review

Each auditor prepares input for the audit report and provides it to the lead auditor.
The lead auditor completes the overall assessment of the effectiveness of the
environmental program, and implementation of the TVA EMS based on input from
the audit team. The lead auditor compiles a draft report. The audit team then
meets to discuss and revise the report. Each auditor presents the details of his or
her EMS assessment and proposed findings and/or observations. Each EMS
assessment, finding, and observation and the interrelationships are subjected to a
team peer review and a decision is made as to whether and how the i nformation
will be included in the report and how it will be used. The team jointly prepares
the Executive Summary. The lead auditor is responsible for resolvitg differences
of opinion among the team and preparing a revised draft report.

2. Facility Meeting

After the audit team peer review, a pre-exit meeting is held with the audited facility
environmental contact and other appropriate managers and staff to discuss the
EMS assessment, findings, and observations. The draft audit report is presented
at thattime, and the EMS assessment and all findings and observations are
thoroughly discussed. It is important either to reach a consensus oh identified
issuesobr identify any areas of disagreement during this meeting. After this
meeting; the firial audit report is prepared and signed by the lead.auditof.

H. Exit Meeting-

The exit meeting is held with the Lead Manager (Or designee) and appropriate staff.
The final ,udit report is provided and servesc as the basis for disc'ss•ion at the meeting.
The lead auditor discusses the executive summary and the reIsults of the'teamrs
assessment of the effectiveness of the facility's environmental program and EMS
implementation. Then each audit team member (or lead auditor) presents the audit
findings and observations identified- in their assigned areas. The level of. discussion of
the audit results is at the discretion of the Lead Manager. At the end of the exit
meeting, the Lead Manager or designee is given an audit quality questionnaire to
evaluate the performance of the audit. They and others from the facility that Wereinvolve'd in the audit are askIed to complete the questionnaire and return itto the VicePresident of EP&P (VP-EP&P). If alIlappropriate m.anagers and itaff wereepre'sent at
the pre-exit briefing, the Lead Manager may elect ntito ýave an ýexit meet ing,
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3.5 Audit Report

3.5.1 Report Content and Format

A. Audit reports should be prepared in accordance with modern, professional business
writing standards and include findings as well as observations. The report must be
marked "Environmental Audit Report: Privileged Document" and contain the statement
"To ensure legal audit confidentiality, distribution of the report must be limited to
persons within TVA who need to see the report in connection with their responsibilities.
Audit reports must not be distributed outside TVA." The lead auditor is responsible for
preparing a final audit report, including any changes agreed upon in the pre-exit
meetings. The lead auditor signs and dates the final report.

B. To ensure consistency in audit reports, report templates are used for EMS,
unannounced and ERAL audit reports. These templates are maintained in the
Environmental Auditing's networked compuier system. Because of the varied nature of
program audits, a set format is not established.

C. Audit reports typically include an executive summary, -findings, and observations. EMS
audits also include an EMS assessment.

D. Executive Summary

.1. The executive summary provides an overview of the audit results. It may include:

a. A statement on the effectiveness of the environmental program

b. TVA EMS and regulatory areas Where findings Were identified

c. EMS strengths and areas for improvement

d. Commendable practices

e. Status of findings from the previous audit

f. Repeat findings

E. Assessment of the Effectiveness of the EMS

An assessment of the effectiveness of the environmental program at the facility level is
based on how well tithe EMS is implemented and functioning. Components of an
effective EMS are defined in the ISO 14000 Standards (upon which the TVA EMS is
base'd) and the EPA protocolfor conducting EMS assessments. Environmental
Auditing, developed a protocol for conducting EMS audits at TVA facilities based on the
information provided in the ISO 14000 and EPA protocol documents. This protocol is
Used .when evaluating the EMS. Examples of EMS strengths ahbd areas for
improvement are provided as appropriate. A su mmary of the criteria used in assessing
the effectiveness 6f facility EMS implementation is available on the Environmental
information Cenier.
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3:5.1 Report Content and Format (continued)

F. Findings

1. Regulatory Findings

A regulatory finding is a condition that is not in compliance with:

a. Federal, state, or local regulation, law, or permit

b. Procedure or plan required by such a regulation, law, or permit

c, TVA environmental policies

2. EMS Findings

An EMS finding is a condition not in compliance with a requirement of the TVA
EMS.

3. Repeat Findings

a. A repeat finding is a• condition that is not in compliance With a regulatory or
EMS requirement identified as a finding inithe prývious auidit report
(announced or unannouncrd) of the same-facility. See AppendiXC for
repeat finding criteria for regional operations.

b. A repeat finding willl Usually have the same regulatory or TVA EMS citation
asthe finding in the previous audit.

4. Open Findings

Open findings are findings. from the previous audit of the facility or region (see
above) which have not been closed in accordance with the COO Corrective
Action Program.

5. Self-Identified Nonconformances

Nonconformances identified prior to an audit through selfassessments,
inspections, regulator~yinspections or other means areýhot included as findings in
an audit report provided the nonconformances are addressed in accordan'e with
TVA-SPP-5'.12 Corrective and.PreventiVe Action Process and the COO CorreItive
Action Program. 'Sellf-identified nonconfo0raices mue t br e documented and
correcive actionsdocumented and tracked in order to be'excluded as findings.

eif- identified nonconformances which are still in a non-complying condition may
be included-as observations in the audit report.

G. Observations

Observations may include:

1. Noteworthy or positive accomplishments

2. Conditions that could develop into findings
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3.5.1 Report Content and FOrmat (continued)

3. Activity status

4. Compliance improvement opportunities

5. Nonconformances observed during an un'announced audit which are. outside the
media area covered in that audit Will be iderntified as observations in unannounced
au:dit rep orts.

3.5.2 Report Transmittal

A. The lead auditor provides a copy of the EMS and unannounced: audit reports to EP&P
management following ,the a udit After the facility Management Review`Committee has
met to discuss the audit reporti but no later than fivepbqsiness days after the exit
meeting, Environmental Auditing distributes the audit report to.OGC and the facility's
representatiVes on the ExecUtive Committee and ENVPT. Environmental Auditing may
on ,ccascIn prorvide copies of specific audit reports or corre4tive action plansto other
organizations (e.g.,. Office bfthe Inspector General -(OIG), TVA Board) Upon reques or
iflneeded in connection with their duties. Additional dcistriiblution ofthe aUditb irepo•r is at
thWe discretion of the facility or SBU., T ensurei lgal audit confidential'it6y, distribution of-
the report must be limited to persons within TVAWho need t see the report in
connectioh with their responsibilities. Audit reiports must not be distributed' outside
TVA.

B. ERAL audit, reports, are provided to ResearcIh &.Technology Applications with copies'to
Finance, EP&P, OGC and others, as appropriate.

C. Program audit reports are provided to TV,'s Environmental Executive, VP-EP&P, OGC
and others depending on the" scope of the audit.

3;5i3 Report Revision

If the auditors, in consultation'with-the audited facility and OGC, determine after anaudit exit
meeting that an audit finding Was in error, a revised audit reportwill be issued ..to the Lead
Manage6, dleting the ri ndinnation can be made before, the correctivce

obseravan, tioh revsed repor isiriginal.
Copies of the revised repor ae also distributedý tohe oigina recipients.
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3.6 Corrective Action And Follow-Up

3.6.1 Corrective Action

Findings that are not corrected in a timely manner present TVA and its management with
risk. Management of the audited organization is responsible for correcting findings identified
in the audit. In some cases, another organization may also be respon sible for correcting
findings. The. audited Lead Manager is responsible for deveIoping an i implementing a
corrective action plan according to TFVAsPP-5.12. corrective and Prevenitive Action Process
and COO .Corrective Action Prociram. Effective January'20, 2006, A and Blevel Problem
Evaluationi Rieprfts (PERs) must be addressed individually under different PER numbers. C
and. D level PERs may'be 'combined into a singlePER provided they have the same
app arent cause, the same responsible organization, and the same affected envirornmental
media.

3.6.2 Tac1king and Closing Findings

A. TVA SPP-5.12 Correitive and Preventive Adtion'Process and the COO Corrective
Action Program deScr'be the audited organizations' responsibdities for tracking andClosing findings.

1. PERs for all environmental audit findings must be entered as potential
environmental issues.

2. The facility is requested to notify the lead auditor when the CAP is prepared. This
will allow the lead auditor to review the zPER-and bring to the facility''s attention
any closure planS that appear to be inadequate.

3. The facility is to notify the lead auditor by email when each PER is closed. The
lead auditor may request supporting informiation to document closure of the
finding. In order for a finding to be Conside"red closed, the facility must have
completed corrective acion. Corrective action solutions must be fullyi. implemented
ani documentedand th'e noncomplying situation eliminated before the' findinig is
closed.

4. The lead auditor will review the PER closure for auditor~concurrence, If-it is
determined cilsure is inefective, the lead audior contacts.the facility to ensure
understanding. If the lead auditor s determination does not thange, a new PER' is
created.

B. During the next auditofthe facility, open items from the previous audit are checked to
determine their status. If the. auditors determine during an audit that any open findings
have been addressed and should be closed, the status of these findings is reported in
the new audit report.

C. Repeat findings are highlighted for management attention.

D. The EP&P LDR maintains computer files for tracking closure of audit findings.
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3.6.3 QUarterly Performance Reports

Operating organizations are required to regularly update the status of findings in the COO
Corrective Action Proqram. Audit results arid trending analyses are included in quarterly
envitbr•nmeital performance reports These rep0ts a-re prepared by EP&P in accordance
with TVA-SPP'-5.-110 Performance IM~onitorind a ,ndRe'Dortiing Pr~ocess. Environmental,Auditing pryides audit, EMS indicato"r data, and ad codmpilationofaudit issues to PA&R in
accordan•cerwith E=P&PsDP-5.5PerformanceMonitorigi and Reporting Procedure.

3.7 Audit QualitY AsSUrance
A. Quality assurance (QA) consists of systematic activities which provide the user of a

product. ora service the assurance that dened quality standards are being met. It
consists of five separatebut related activities:

t. Controls

'2. Assessments

3. Corrective actions

4. Peri0dic process review

5. Continuous improvements

B, The purpose of the audt QAk prtgram is to provide reasdnble, assurance that-the audit
proc•e's and prioducs conform to applicable standards anrd procedures.

3.7.2 Audit Qualilty Control
Addit lqalýity.control is a system of activities whichassistsan audit organization in meeting

its mi ssion d• n :objeciyes. Tle following are quality controln actiities for Environmrentali
Auditing products and services:

A. Audit Standards

Environmental Auditing follows the provisions of the standards and guidelines listed inSection 2.0.

B. Audit Procedures

The audit procedures assistEnvironmental Auditing in meeting its responsibilities
outlined :in TVA-SPP-5.A4 Environmental Auditing-Process.

C. Training and Certification

Auditor training and certification requirements have been established and. incorporated
into the audit procedure (see Section 3.2).
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3.7.3 Audit Assessments

Audit assessments provide assurance that the quality control activities are effective. For
Environmental Auditing, such assessments involve the routine evaluation of performance in
light of TVA's needs. Environmental Auditing's assessment activities include oversight,
internal reviews, and external reviews.

A. Oversight

1. Oversight of auditors is carried out continually to assure conformance to audit
standards and procedures. The Environrmental Auditing Manager provides
oversight of individual audits. The Environmental Auditing Manager should meet
with the lead auditor and with team members periodically to review and discuss
audit performance.

2. The VP-EP&P and TVA Environmental. Executive provide oversight through

periodic reviews of the audit process and monitoring the process indicators.

B. Internal Reviews

The purpose of internal reviews is to verify the effectiveness of the audit program.
These internal reviews include:

1. Customer Appraisal

At-the completion of each audit, an audit quality questionnaire isprovided to the
Lead Site Manager or designee. The form is to be completed by that manager
(and others they may designate) and returned to the VP-EP&P after the audit.

2. Corporate Management Input

Environmental Auditing annually receives feedback from senior and line
management via representatives on the Audit Steering Team.

3. Self-Assessment

EP&P will conduct self-assessments in accordance with EP&P-SDP-5.4 self-
Assessment Procedure to evaluate compliance with TVA-SPP-5.14
Environmental Auditinq Process and this procedure,

C. External Reviews

External reviews are performed to appraise the quality of the audit process. These
reviews are performed by qualified persons who are trained in environmental
management systems and environmental auditing. The following are some examplesofdifferent types of external reviews.
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3.7.3 Audit Assessments (continued)

1 External Audits of the Process

a. External audits are designed to evaluate the effectiveness of the. audit
process. These reviews seek to determine whether audits are complete and
suitably designed by the audit team and if corrective actions are being taken
by the auditees. Reviews also. seek to determine if quality control policies
and procedures are adequately documented, communicdated to the auditors
and auditees, and effectively complied with SEo as to provide reasonable
assurance that TVA is meeting appropriate standards,

b. External reviews are to be carried out by qualified peers. People outside the
environmental auditing profession do not always have the technical
eddcatibn, t rainig, and perspective to evaluate Environmental Auditing
professional practices,

c. External reviews should be conducted every three to five years. The Audit
Steering Team recommends an external auditor. Upon completion~of the
review, a formal, written report is issued. The report expresses an opinion
as to the effectiienfes s of the process and TVA's corhpliance with the
process. It may als-o include reconmmendations for irhprovemýnht.

2. External Audit of an Audited Facility

Consultants with environmental auditing experience could be hired to0 perform an
indedpendentaudit of a fadility recently audited by Environmental Auditing.

3. Qualified Observers

Consultants could be hired to observe an audit and write a report to-describe
strengths and areas for improvement of the audit process, including
recommendations for improvement.

4. Benchmarking

Environmental-Auditing keeps abreast.of how other organizations conduct
environmental audits. This is accomplished through membership in organizations
sdch a's The Auditing Roundtable, the Edison Electric Institute Envirhiinental
Auditing Task Force, and through working relationships with. audit groups'from
other agehcies and corporations. Envirbnmental Auditing also keeps current on
state-of-the-art approaches through audit training courses.

3.7.4 CorrectiveActions

As part of its effort to continuously improve the audit process, the Audit Steering Team can
take the following actions concerning each issue identified during quality assessments-

A. Determine cause of the issue

B. Identify appropriate solutions

C. Recommend changes
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3.7;5 Annual Review of Process

During the fourth quarter of each fiscal year, the Audit Steering Team typically discusses
internal and external feedback on the audit process and any improvements that could bemade to enhance effectiveness, Audit issues may be communicated by the Team Lead to
the ENVPT for guidance. The Team Lead submits requests for revisions to TVA-SPP-15.14
Environmental Auditinq Process and TVA-SPP-5.17 Environmental Restricted Awards List
(ERAL) Procedur'e to the Team Lead of the EMS Steering Te-am.

3.8 Miscellaneous Activities

3.8.1 Procedure Revision

Revisions to this prpcedure are approved by the Environmental Auditing Manager and VP-
EP&I. Proposed substantive revisions are provided to the Audil Steering Team and EP&P
Performance Analysis -nd Rep6rting ManagerfoIr Icomment. Audited 6rganizatiQns are
n6tified of ubstaitiVe revisins., En vi ronmen4tal Auditihg may pre are mi ori rev1sions
without. additional coordination provided such revisions do not materially change'the
procedure. A revision log is maintairned as, part of this procedure.

3.8,2 Reporting lEvidence of Fraud or Willful Violation

If there is evidence of fraudulent activities, repeated serious violations, or findings likely to
cause imminent adverse impacts to human health or the environment, the audit team will
bringthese immediately to the attention of the facility's manager. The team may also bring
these rrit&e.s to'the attention of'itsrhanagjr- and OGOC. EP&P :make§! ll04it repo r tsavailable to the elG1 EP&P and SBUS adyisett OIG when they beieve dthe6e is sufficient
ewdence of intentional wr~ongloing or serious harm to the environment Such that the
violation would iikely be considered a crime.

3.8.3 Regulatory Review

Auditors must maintain current knowledge.qf regulatory requirements. Various sources of
irformaiion are used to maintain this awareness, including the Code o.f Federal.Regqulations,
,Federal- ieeister, state regu.f!ions, and Biureau of Nationa AffajirSipubicatibris. Each
auditor is assigned responsibility for keepingabrieast of new and amended state, federal,
and local regulations in several regulatory areas. When a new or amended regu"lation
becomes fiial, the responsible ýudit&? informs the other .auditors ahd revises;the audit
.guides accordingly.

3i.84 Audit Guidfes

Audit guides are developed to provide guidance to the aulditoes on how to apprbach auditing
an assigned regulat~oryor EMs area. The' giuidbs•_riablethe au'dltors-to be consistent in the
EMS a&gsessments and compliance evaluations.. Audit guides are not a substitute'for the
regulations or EMS documents. The auditor responsible for each area determines the
format that works best for his/her area(s). Guides are updated as needed. The responsible
auditor may also provide information tb other auditors through meetings, e-rnails, handouts,
guidance from regulators, etc. A network computer file of the guides is maintained by
Environmental Auditing. Audit guides are not to be:distributed outside Environmental
Auditing.
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4.0 RECORDS

A. Audit reports and correspondence are maintained in accordance with TVA-SPP-5.13
Records Management Process. Access to audit reports and correspondence is
restricted per EP&P requirements.

B. Environmental Auditing maintains an electronic working file for each audited facility,
These files contain copies bf the audit reports and documentation relative t6the audit.
Auditor -certification records (lead auditor and media) shaill be maintained by
Envirdnmental Auditing.

5.0 DEFINITIONS

Audit'w Systematic, independent and documented process for obtaining records, statemenis
of fact or other information, and evaluating it o0bjectively to determine the extent to which
policies, procedures or requirements are fulfilledi

The following terms are defined in TVA-SPP-5.14 -Environmental Auditinq Process:

A. Corrective Action Plan

B. EMS Finding

C. Environmental Management System (EMS) Audit

D. Environmental Audit Steering Team

E. ERAL Audit

F. Program Audit

G. Regulatory Compliance Audit

H. Repeat Finding

I. Unannounced Compnliance Audit
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Appendix A

(Page 1 of 2)

Risk-Based Audit Scheduling

As described below, a two-step. process is used for determining when TVA facilities should be
audited:

A. The first step involves assigning an audit frequency range for all TVA facilities based on their
'size and complexity and available:audi t resources.

B. The second step involves an annual assessment of risk for each facility to determine Which
facilities Will be.audited inthe next year.

First, an average audit frequency is assigned based on benchmarking data from other companies and
the available audit staff resources. Each'TVA facility is -16ced into one of four-categories and
assigned an Audit freq uency based on the follow ing criteria.

Categ6ory Large and Complex Medium to Large Small to Medium Small 'and'Simple

Medium sized Medium sized facilityLarge facility,,-
e rponumeroUscompex faility several or groupbof facilitieS, Small facility or group

Description eironient complex some moderately of facilities very, fe w
issues. environmental qomplex environmental issudes.

issues, envirohmentailsues,

Ayerage Audit~requency 2.0 years 2.5 years 3.0 years 4.0 years

Range of AuditFneofAudit 1 1.0 to 2.5 years 1:5 to 3.0 years 2.0 to 4:0 years 3.0 to 5.0 years
Fr~eq'tie-ncy

Thus, the largest most complex facilities would be audited an average of every two years with the
highest risk facilities in this category audited as often as annually and all facilities in this category
audited at least every two;and one-half years.

The following regions include many smaller facilities and are audited by region:.
• Hydro Production Regions

* Resoifrce Stewardship Watersheds

* Ground and Property Maintenance Regions

* Transmission Operations & Maintenance Regions

Audits of these regions may be scheduled more frequently than the above size and complexity matrix
would indicate to ensure adequate coverage of each region. However; individual facilities within these
regions would not be audited more frequently than the size and complexity matrix would indicate. The
second step is to rank the risk of each facility for each of the following six.'criteria:
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Appendix A
_(Page 2 of 2)

Risk-Based Audit Scheduling

Category High Risk Medium-High Risk Medium-Low Risk Low Risk

Ranking Criteria 4 3 2 t

One or no significant . No significarit
Numerous Several weaknesses and a few weaknessbs and two orWeaknesses In the EMS significant the EMS, one or more reiinorweakne~se•sin less mnir wegkesses

implernentation, weakhesse-s in the significant, in last the EMs in the last in the EMS 'n the last
EMS in last audit. audit, audit, audit.

The impac~t ofregulatory Regulatory changes Regulatory'changes Regulato~ry dhanges Re•ulatory ch~ages
0on the reatly impact provide m6derate have slight effect onchanges ontefacili.. would not affect fcilit... . .. .• ... f'ciity .effelct. facility n,... . . .

Numerous Several findings, one Aw minor No findings in last audit.
Sigrificantndings in oor s2 anor no repeatlast audt a nd/r aom i minoafndings in2Findings In lastuaudit udit and/or ?3 last audit'and/or 2-3' ast audit findings in lastrepeat fi•dings in repeat r t find-ings in last Envi.ronental Auditinglast audit, audit. audit

Re6portable histonmry, a History of findings Sqvera~l findings or Afwinngad 1/ra No recent-findgings
Cp6IaLce h o y, I A Several S o A few findings and/r a and/orN no recent REES." .I E OAIte a r ( Stjer REEs (EPA-t few RE EEs (EPA - Stl (EPA - Statate Nt's a nc

Notices - State NOarand NO'Vs and- release (EA las )is nNo6ies of Violation (NOVs) releases) aid/or V releases)'')an-do mostly
... r."-e"le' ' " bases),anUVs ari aend/o6r•s-me n~egativ2ep0stv sof

and/or a history ofnegative s a self- several negative self- podsotsive negtiveuself ass'sirnent assessment aesuIts sesent r6 5 s sblf-assessmentresultsself assessmentres'Uia•r n ve assessment results- adanda correctveaction and corrective action and correciveaactioin
prgrssdas correcttve action, and correcbeatnct.ricive actionprogress progress, progress.

Organizational changes
that could i~m'pagt'the Changes to several
facllity's Environmental Numerous changes key ,esS neli sir c Only a few cha'ges No changes since last
Cbmpiiance (For example, since'last audit. since la~t audit, audit.
new Plant m•nager; new . last audit,
environmenial manager.)

Time since lastaudit 4 years 3 years 2'years 1 year

The sut of the numerical rankings of each of these sixrisk categories~is tabulated to deterrmine a"Total Risk Score." This total risk score is used to determine which facilities within each of the four
size and complexity groups poses the most risk to TVA. those with the highest score are given the
highest priority for audits in the following year. These scores are ree&valuated each year based on
available data and used t'o determine the audit Schedule for the next year,
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Lead Auditor Certification

1.0 PURPOSE

To describe the method used by TVA to certify Environmental Auditing lead auditors.

2.0 REFERENCE

EPA Environmental Auditing Policy Statements - Federal Register, Vol. 51, July 9, 1986 and
Vol. 59, July 28, 1994

3.0 RESPONSIBILITIES

The Environmental Auditing Manager shall be responsible for:

A. Administering lead auditor certification process

B. Ensuring lead auditor training

C. Verifying qualifications for lead auditor certification

D. Awarding lead auditor certification

.4.0 CERTIFICATION REQUIREMENTS

4.1 General Requirements

A. Lead auditor candidates must demonstrate knowledge and understanding'of:.

1. Basic.auditing principles and standards

2. Auditing techniques for examining, interviewing, evaluating, preparing work
papers, and reporting

3. Environmental 6perations and practices

4. ISO 14001 Environmental management systems

5. Federal, State, and local environmental laws and regulations

6. TVA environmental policies and procedures

B. A lead auditor candidate must be certified as a Professional Environmental Auditor
(Compliance and Environmental Management Systems) by BEAC or the equivalent as
determined by the Environmental Auditing Manager.
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Lead Auditor Certification

4.1 General Requirements (continued)

C. In addition, lead auditor candidates shall have participated as an audit team member in
a iminimumn of four facilities audits within 6t6 years before the date of certification. Atleast one hof the required auits rust have beren completed witiin the pr'evious 12

months. Candidates for lead auditor certification shall demonstrate to the
Environmental Auditing Manager a thorough, sound Understanding of the material
referenced in Section 20 of this appendix. The Environmental Auditing Manager or
VP-EP&P shall make the final determination of lead.auditor certification.

4.2 Specific Requirements

Candidates for lead auditor certification shall, in addition to the above, have verifiable
evidehce that a miinimum fof 10 points has been scored under the criteria noted below'

4.2.1 Education (Three P1ints Maximum; Must Be From Accredited School)

A. Bachelors' Degree (TWo Points)

B. Masters' Degree in engineer!ng, physical or biological science or other discipline
directly related to quality assurance or envirohmentai.compliance (One Additional
Point)

4.2.2 Envi ronmental Compliance ExperienCe (Six Points Maximum)
A. Applied experince in environmental compliance, pollution control equipment design

and mairitenhance, or pollution control engineering (One Point/Year, Two Points
Maximumj

B. Experience in compliance auditing (Two PointsIYear, Four Points Maximum)

41.23 Isoi4001 EMS Experience (Three Points Maximum)

A. Experience in ISO 14001 EMS auditing

B. Knowledge and understanding of ISO 14001 EMS

4.2A Auditing Skills and Experience (Six Points Maximum)

A. Communication and leadership skills

B. Analytical abilities

C. Interpersonal skills

D. Team-oriented approach to solving problems
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Lead Auditor Certification

5.0 MAINTENANCE OF LEAD AUDITOR CERTIFICATION

A. Lead auditors shall maintain their proficiency through the following:

1. Regular, active participation in conducting audits.

2. Leading a minimum of six audits every two years.

3. Ongoing review and understanding of statutes, standards, regulations,
procedures, instructions, and other documents related to ISO 14001
envirbnrmental management systems, environmental compliance, quality
assurance, and auditinfrg.

4. Annual participation in management/employee development programs;
attendance at professional environmental compliance, EMS, and auditing training I
programs, conferences, or seminars.

B. The Envirbnmental Auditing Manager or VP-EP&P shall annually assess the status of
lead auditor proficiency and'deteTmine if each lead auditor maintains his/her
certification. This is done in conjunction with the annual employee service review.

6.0 RECERTIFICATION OF LEAD AUDITORS

Lead auditurs who lose theircertification must demonstrate to the Environmental Auditing.
Mana~ger or VP-EP&P their competency in the reqirements outlined in Section,4.0 of thisappendix. They mus also participate as an audit teamr ember in the audit of three facilities
within a i2,monIth period before they may be recertified.
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Lead Auditor Certification

6.0 RECERTIFICATION OF LEAD AUDITORS (continued)

Lead Auditor Certification Form

Lead Auditor:

Lead Auditor Requirements (10 Points Re quired):

Points Earned

1. Education .- 3 Points Maximum

2. Environmental Compliance Experience -- 6 Points Maximum

3. ISO 14001 EMS Experience - 3 Points Maximum

4. .Auditing Skills -- 6 Points Maximum

TOTAL POINTS (18 Points Maximum)

Certified By: Date:

EnvironmentaI Auditing Manager
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Repeat Findings Criteria for Regional Operations
Facility' RepeatFinding -is based on last audit of:

Distributed Generation Prj• cts Any Distributed Generation' Project
Coal mining and Reclamation Sitess Anjy Coal mining and Reclamation Site5

-J R9E:2 JjjRSO&E K
Resource Stewardship and Lands Resource Stewardship and Lands

Holston-Cherokee-Douglas, Watts Bar-Clinch, Little Any Watershed Team Area
Tennessee, anrd Chicka mauga2-H"wass ee,
Guntersville-Tims Ford, Pickwick-Wheeler, and
Kenftdky Watershed Tears

Nonpower Dams NonpOWer Dams
Tellico. Normandy, Upp•r Bear Creek, Bear, Litle Any Nonpower Dar
Bear, cear Creek, C.edar, Dogvwood, Lost Creek
Pin Oak, Pine, Redbud',Sytcim oe, Beaver Creek,
Clear Cree-. Nolichucky and other no-power dams
owned by TVA

.. Po rDams ,Power Dams-
Watts Bar family (Watts-Bar, Great Falls) Any facility in the family

H iwassee family'(Hiwassee, Apalachia, Chatugre,
Blue Ridge, Nottely)

0coee family (Qcoee #1, Ocoee #2, Ocoee #2)

Chickamauga family (Chickamauga, Nickajack, Tims
Ford)

Boone family (Boone, Ft; Patrick Henry, South
Hoiston, Watauga, Wilbur)

Cherokee family (Cherolkee, Douglas, Norris)

Ft. Loudoun family (Ft. Loddoun, Melton Hill,
Fontana)

kentucky Last audit of this facility

Pickwick

Wilson

Wheeler

Guntersville

Raccoon Mountain
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Repeat Findings Criteria for Regional Operations

Facilityj RepeatFinding iS based on last audit of:
.PowerS"....i.s Opemtio........owerSjistes ysp ei . ng...New Gonstruction Prjectsb New C.nstfu~tion Projects'

Transmission Line Construction ý TVA Any Transmission Line Construction 7 TVA - Project
Substation Construction - TVA Any Substation Cohstruction - TVA - ProjectTelecommunications Construction - TVA Any Telecommunications:Construction .- TVA.-, Project

Contractor construction Contractor Cbnstruction"
Transmission Line - Contractor Any Transmission Line or Substation/

Telecommunication Sites-- Contractor - Project
Substation/Telecommunication Sites - Contractor Any Transmission Line orSub•stationf

TelecommunicationrSites.- Contractior-Project
system Applied Maintennce (SAM) Any, SAM Project

Existing Transmission Lines and ExistingTransmissiwon LiJnes and SUbstations3

Substations3 o- Easti t ast.
Transrriission Service Centers (TSCs) in Existing Any TSC in Existing Transmission Lines andT'ransmission 'Lines and ýýubsiakions3 - East Area Substations 3

--Eas•t Area
Includes: Johnson City TSC, Knoxville TSC.
Chattanoog~a TSC ;Clevelan'd TSC; Huntsville TSC

Existing Transmissi61n Lines and Existing Transmission Lines and Substations3
Substations -ý North -.North

TSPs in Existing Transmission Lines andSubstations3 
- North Area inc•iude~: BMing Grbeei Any TSC in Existing Transmission Lihes and

• TSC;,Columbia TSC; May•field tSC; Murfreesboro Substations3 NbrthArea
TSC; Nashville TSC

Existing TransmissionLines and Existing TransmissieonLines and Substations3
:Substations3 

- West -West
TSCs in Existing Trns mission. Lines'and Any TSC in Existing Transmission Linesr and
SubstationS3 - West Area I ncludes:- Jackson TSC; Substations• - WestAred
Memphisi TSC Tupelo TSC; Starkville TSC; Muscle
Shoals TSC2
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Repeat Findings Criteria for Regional Operations

Facility " Repeat-Finding is based on last audit of:
>7 AmlnstiratIvkS6fie :'Ad-1610iitiv&ervlces'
Grounds Marintehance Bases Grounds ,Mahifte'i'de Bases

Stand alone Maintenance Bases Any stand alone Maintenance Base (any maintenance
base not contiguous with ia hydro reservation

Facilities Facilities
Knoxville area facilities Includes., Norris, Any Knoxville area facility
Greenway4 , and'Singleton
C~h~tanboga arle fac~ilies Any Chattanooga area facilityMt`icle Shoals ailea facilities Ary iscle Shbals aea facility

1.

2.

3;

4.

6.

Faqiliy, includes all of-the contiguous property and operations on this site.

See maps of Chickamaruga, Watts Bari'and Muscle Shoals reservations attached to .VA Environmental Roles
and Respons ibilities ist or site rounda'es' nd lead.

Includes crew maintenance facilities in eact-f Transmission Service Center area,

At ,GreeWay, TPS has lead on properties nohth of Greenway Drive and building andstorage area south of the
Railroad tracks. Facilities has thelead on all other propete~s.

Includes all properties exceptihose at fossil plan ts, where the plant manager is the Ilead.

Sites ouitide existing Transmission Lines and Substations.
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TVA Heritage Resources Review Process
for TVA Transmission Rights-of-Way

Vegetation Maintenance,
Line and Pole Maintenance, and

New Transmission Line Construction



TVA Heritage Resources review process for TVA transmission rights-
of-way vegetation maintenance, line and pole maintenance, and, new

transmission line construction

Tl'is dricument brieffiv suiinmarizcs the envirnmonn i --Ila iaon)O ce review proc¢ess TVA Heritage"
]t.. clocs 'use fr maintea nciand lodiht ()n *-s ofl -ansmission finees and proposetd
construction oneW tran1siission :lbn. The ieview processýs are presented below by res.ource

Overview of Cnfvironmental compliance process for transmission line
maintenance and modifications

The TVA Pow.er Sysii Opep-ations organizTItion routinely coriducis maintenance activiUiCes on
Iransinission lines in the TVA Prower et-ice Area (PSA); These. acti'ities'ifihlude, but are nut
restncied to, night-pi-way recl•earing (refilova1 o*eggetation', J)Qlz and crossamr repl.ac~ements.in.lallation of figtnii' arestors and :eo terpisc, find u'gradiŽ of e-7kistifig equipmnenl.

egular :ve., etauian ginten..e acivties aire conduct.ed on a cPycl of 3-5 years. Prior to these
inainltnanceactivifies. the innsmission line area includir• the rikht-of-wvayvf0W) is trvie,,ed
by tftcbnital !specialists itt .1e TVA ReqginaY NtUiral I Project to identi:fy any-natural
rtsource issues that nlavyc 'cur alone iaia tlanlsinissipn'ine. TheTV, Reional Natura teriage
Projee -mahitains a database-ofsome 35000"- (as ofNovehnber 2005).occirre:nce records for
protected •lantiŽ il ais. caves. heronnes. eage) nests, and natural areas fo&: the entire. TVA
ISA_ includin"2-01 'cuntieS irn z seven stale artia. The 'VA Heritage database is dynanic, -with
updaitus and additions taking place throughout the year. Only credible records are. included in the
databai e. and the sources include tlhe results of field survys by TVA bi1oo1sts, publications,
museum aind herbaiuni spefiiins,.unnublished repoirs froin biologiqs outside TVA. data
exc'.anges With •tht seven sL~tat l~riage p rgrams ov6.lapped by'TVA's ioverage area :(AL. 6A.
K.h MS., NC, TN. and'VAA. and data exchaniies with fivte offices of:U,.S. Fish & VWildlife
Servxice (COOkeville, TYN Abheville, NC, AtheIns, GA.A Daplhe. AL4 and Jackson, MS).

Wetland inkimnation is mainfitained by TVA Herita0e Resources• and includes National Wetland
rnvtntofy }ielland niaps'for ilth entire TVA PSA. Soil ýurvxey niaps aie also used to identif,
potential wetland areas. All reords of listed planits o an imals. caves, wetlan..ds, or na-.ral areas
thal are prist.'ni, or are pb.entiafly present, in the trah-nlission line right-of-ways 'are.takbil into
Lunsideration when obi'ductilng these -trasibission line reviews. Other sources of considetred in
re'ewsi include county lists of federally NProectedsp.ecies. the TVA N aural. H eritagic database
dcschied above. aedal phdtogrmphs and USGS opogr+aphical maps. In addition high quality
vid.eos taken durinig low-altitude flyovers' of the transmission torridoirs are used to estitiate the
eeological coibmuinity ,}Ies present on the ROW, Usin .theseava2ilabl data sourc-es. 1ieritaiue
biolwiss idenify sensitive habitats where rare. pl0ýis.or animals are mnowmn or II;ikely to oicur.

If potential implacts of hfinitenance activities to plnits or animal§ on the federil Endangeied
Species Act are identifie& fild surveys may be conducted to docurmient presence of the lisied

I



species in the ROW. especial!y if the prOposed actions include pole rtpiaczeni or stoe other
action ihat would restull in tuound di-turbance. lHowever. ri many other ctas&s where the
amailable dita indica-t i* pogsibiliiy of listed species being presem on the ROW. Heritage
specialists assume the species is preeni •Md wwr with PSO staff'to avoid impact. to the listed
species. For example., ifmaiit~enance a'aLi-;iets in lhe RO\W could affect e cave inhabited dufin!ii
pan of fhe yeto by a hal coh.ny a rcsi.Ttri ion may be indicated for the lime of year thl
in iiflanl~ ICe.'tixiti,:• r.'uld take *phie. Within itrcanmside mnan agenicm zones. harid cI rnin' or
hiI.• li-a wrhicbitid: applicati.on rcdud uiininpis It, st1 dMu s 'and l isiLd aqUatiC spiwi :s. i wid)dhor the sir~mi.side mana_,umi'antes va,' acoy rdgiin to th. siope of the surrounding arc& ihe

lype of stremi. and the particular resoI~rCLS that may be prescn in the sireýan (lisied species),
However. if avoidmbce. is no possible. L-kriawge specialist. consul, as appropriate- %ith ihn U.S.
Flsh & Wildlife Service.

Aio included in this doCumenm Is iihe e-anlanafion of Class Defnitions and associated tabe of
Mapping polygon coors and flhe restrinions indicaied by those desienations used in die G(1
product transmineid to P3O.

.aatnaed A rea i MAizm(ed ure. .eeoioeicalb' iifldaii .ircx. and National River" inrorr.bir rnaitnetiatw.aci ih i r!':4 Zran~issuikqin line rit'his-,f'obwif

Mabaged Areas (MA) are hanmd hded in public ownership 11mai -are manalged to prolecA anid
niainlain certain ceogical features. Ecolouically Significant 'Sites (ESS) are tramct of Privately
owfned land thla are idenified by resource biolo-ists as containing significant environienmal
re.ources. Nafional River Inventory (NRI) swtrams are free-flo-Ming river se mients that are,
recotm.ized by the National Park Se-,ice a• s possessing remnarkable. n-n-al or cultural vaiues. The
TVA Nalural -lenia,, Project maintains a dambase of all such lands and ftr.eams ocurrin-g
,within the seven-staie -TVA PSA. As des•cribed! above, this information is .added tv and udatuedfre0 uently.

ROW maintenane atiyity reviews for MAs' EES's. and NRI surearns are-completed by
tili~zing eomnpu-ized mapping AreMap granhies sofivare. Ira MA, 5. -_,, and/ot rorN siream is

lqcaied'willnn th.e 0Q- ,mile buffer oft-he subject transmis:-sion line, a a polyg6n .designatitg the
klnown or ]ikchl euVcn ofthat oeccunenee iis drawn on an A-cMalp electronic topogranhic mapn•and appropriatle class restrictiofs ate. applied (,see u3'14 of CIas.s Definlitions iand Asso.cided

...ol.o. Colors of.Sensitive Areas.") tha,'re4presents.the area's hotindaries within -he buiffer. A
description Uf fhe area that inclues bomahti infimnnaiion for !he manager of te natural ata• aand
also for flte aý'propriat TVA conmCt, restrictions for mainlenance bI etlhods: and the subet
Iransnmission line nmnie is listod in tle corresponding ath-ibume table;

Rigbl-of-wNay (ROW) ve-getation maintenance and transniission line maintengnce we reviewed
fpor potential of theszc activities to affect natural areas. Ifall or anyporvion of a MA, ESS, andlcor
NRI stream lies within the buffer of the subject l.-ansmision line, aI polygon is dtaw-n depicnei
the boundark of such areas. Restrictions on proposed activities (See Table 1) are determined by
the type and location of the M,4 ESS, and/or NRI streanss as well as consulhatinil with fhe -,ire
.nanaser or resour~ce specialist. The class and contac restrictions.&definitions, and polygor color
fbr botth alctivities ai-e listed in the included table.



Afivtr dcicrmining the partitmkar class restriciion as.sociated with o arta'3_ special ifnStiCtionis Or
commentLr4 are addud to indicate the- 1i llpoiunce if 10lli tPstritction arid vvh. it was: assigned. For
c.:ani)p]C. when a ponion ofa national foresi is within -the 0.5-reile butfer or crossed by the
.vubi'cct tr-a smission li-ne. a Class 3 Irsiriciion is assqiamnd and ;:i comnnivim is added indicatifne the
ar,::a mana-cr musi be contaclud and hetmbicidv use is resincted.

'lal, c 2 provides the 13pcg o1, restrictions assigLcd to tran'mlissiit l i nc iat nlunance proJc:- 'foi
Kaiural Areas. Und r Caicgariual EXclusions. 11rasmissiO; line proIVjcLs IuSh as li-ghtnine
ilitig-ation: eCumeu'poise activities, cofl veances, line reltcations for state high way dcparnom

-%vurk. and providing delivery points and switches iot substations are .qipatate pirC jcs and are
reviewed for powntial impacts 1o IA's, ESr'ss. and NI streams based on the amount and type
of disturbane 'equirud. A thrt-e mile. radius of tllepriipeci siie4s) is reviewed ir A SSs,
and NP I streams that mirn ,t be affeewd by the propoused activ-tv.

Moroni-) - St'rae arnd federal Protect playt re,%'trici ons for mainzenance activities" it; ,B"4
fransI'.IiIon line. righ,.v-ofluva,

B1Oanical assessments are perfoTned for proposed ROW vegetaion maintenance. and
transmission line maintemance activilies. Durina the review botanists identify state and federally
listetd planitý or rare; plmilt comumity ,tpes that occur. or are likely to occur on or n'4ar the
transmission line.ROW Idenfiing thle occurrences gives TVA Ihe.ability to identif, habilats
within a proposed pItijeci area that are sensitive and potentially requi.te rcstrictionis forparticular
vea'aion managehehln activities. To ideniif.' rare. plmnt and serisiiive-habitat lozaltons we
,uili7? e tet U.S. Fish and 'Wildlife Service's coumny lists pf protected planis, thle TVIA Natural
3-lenafae dtambasea-na]aa photognraphs arid UISGS opographieal -uaps. In addition. we also have
a-cess o i videos ataen during low-altitude flyovers of the transnmssion .corridors. Thlis; hMgh
quality videos are used to determine the type of plant habitats available on the ROWz

Thle review pr,4)ess: for ROW :vegetation maintenance and tansinission hine 'naimentance
activities i; diffdrehtt since they potentialy impaci v,'getation in differenl " kas. OW vegetauion
in tnant e consi.ts .of vegetition ci.eaninzm- with both herbicides (unless oitherw'is-e specifedA) and
mechanical mncfodas. Any vegetaiion present in the ROW that is sprayed by herbic-ide. could be
advtrsl'y afied . Mec.hana cluarinit has I.ess ofan imp'a6t since.mrny' plants iron isually
tolerate bemins.cut. 'iransmission line ngintanance pro'izslike pole relaccneirts i-oteriiy
mmpostl veu'ettiomin When -. hicks and cquipmeni driv& on and in the vicinitv -of-the ROW arid the
Soil and the voetatwon are disturbed. If ..esieii ve plants ae likelyl field work is ofteti required to
e.onf•nm th1e prTsenU. FiE quintb],. twe'verj wve assmie thenwesence and make-recniiiendations
for different access rotiL.s io be takcn and we nozifv. appropriate staff ab0UW smnsiiivg areas to
avoid. ReItrnctions, are detennined by our. knoledge ofthe habit requirerm.nts for rare plants
and rr-e plaimi "oniiunuities thai occur wit1in the vicinity of the ROW. Once a sensitive arisa is
located a polygon .designating the known or likely Cetcni of tha, occurrence is drawn on an
ArM ap electroni- toCpbgraphn" map. -and appropriat class resin eti ons are applied "see lable of
Class Definiltions and Associated Polygon Colors of Sejisitive Areas).



(t'r~c~sr,-iaI A )Iuur;als) - Statei and jederal t~re~tctji:rfes!riul t, rexiidon.. for

'the TVXA Rec•.ig]a NatuIral H-iTage Protram Ik-pýiricl: if sare and fede'.ral :trotecie seces
rcptonled frnni tbhL sevclln staic Thion.. t Ie .errcstrial aitwina] pmictin 01 o1i14c datia base includ5e. all]
Ji St,'d birdS f.)redCinhI anpd I arc Wi nerine a gre ujons). nirni NaJ.s. repfiles. an Id amph)ibians. and

.O1ffc invehrms (land snails. iisects anid cve obia•: i fri:vbraicfl in Illiddi.i0. 6i eetILuin
sIt:cts Ualdk itulLTtsiTrial porion ofthl daiaba.se al.so innlides rc-_ords of licronrits mnd
caves as th•ty il ar•, usc by miuhliplerspecies, and ilus ar snIvti v hablitats.

Eicid transmission hliae maiiea1cnmme project iv re',,ewN vc r the presence of prTected terrestrial
animals, hLer i anii'e.d .-,;aves. A daiabase- searbch o f-t1w 1istd anmafls tnown from the u. n1iv
(or c iouii rntiluded in, th e prnei area is prfnnzd Tht zc1o6 gists, ushný these: ,ouhy lists
arid animai occurrenc-es..frm ithe TVA Hfc.Ltga database. lpok fbr h'bilals ampropriare flbr thes:e
speies in theiJ- revidw if thL ROW videos. iPor state likuv c(cur i;es Of f.,dera1 and stdite
iimed spw0es io•n-s. -id &h'es withih-a 3-rfnileTidius from the.ROW.- resmiictions will be
lisred as ap)Tpfiai c for, -b1e species.ofco•ncern. A poly-gon designaiiie- the klnwii or likzely
'CNILit ofthal cicturrince is drawii onan AreMap elecftdonid x top6oxiihic map and.ap~proi,/ri'e
rest~riction~s •L appjied :(Table• I and 2). Special co mnenis or instructions accompany eachentry. as apDopriate For instahce. if .e cIaqve, is ljoctijd althn, a powerline c0rrdor schedule.for

m\ eetaie. inItendanr a 20046o6i b1ifi0r is indizakd airod iit] open 11f. L of ftcrave mnd a
1thd ciearinn f)nhl restnoi., is applied wilhin ffhe buffer: IT lith Cayv is psed by a -summer or

liihernating eolofy, oibats, aptpopriate iie retgtriclibns: as.,desigh'Atd• in spe'i5ii tecifiv-, planis
for eac.h species. iay also be apRiicd.

(4t47acik Atizirnuls), -. S.4te anifederior.ideie~id aoiari inc ai rdvfriiniots for-mainteance

Each !0pose transmission. line naihienanc. ori ROW' vegetation inaimuenance project. is
revi'-.V'we4 for-thb known or-lildy occurrence of potwec aquatic anhmals in streais in ,r
adj~ac0. mto. th i tikhissioh iihe riO ti-cIfPway 'Or in t stfrain drained by Ie R-OW eop0dor. A
datýab.ase sea. rl of.te aiqedaqtic animaLs knownal fronl the county for counties) induded in the
proi c , area is piertormed. !i_- aquatic bi 4lofist usin" thtese LCOIitv, lisis ind an•mial
(.crcuIencdý ITýbni ibet IVA NHemiiiute dd4jbas lool 6~ it prpnt th.s ~isi

rleir reVfew • Rf O id•R , s Once an occurrence or likelyo~currcenc is, identifined, class
1CstriciCI~iP-ndal apjlined and thi-,*' an)r6ri colored l×kl3tOP is drawiround thc re0ur area on
an .re vi~ap Neleconie, op.grapluc ,nMa (T7b] es ) amd t)) AA] rans:inssion lint maintenance
activvities are cutrenitly conducted usina, Begt Managemehit Practiiff .as outlihed i1 MUncy (1 919)-
Special c6hmn'e'nts or isiUcioiS (itudin des ribat!i• of specilic reamstidc Managemen
Zt•.nes, 1as id,:Pitiid 1y Muny 1999) ac•Lnpaijii cea entry as appropna~i"le.
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(lIetrlhude) - JtaJd.' ri1 r a .crmain rei!cf' -i iwie.s in TI A4 trrnsn1'iAion line ri.(hrsp-of
•t ill

Prior 1,n the f'riuriac of any nainttnrince amcu vhics ir 'TV'A ransmission lirn ROhVk s. officjt-.
'YFel reviwVs "rci Concriuied hB Nalurat1 l-1critau-L "lanthd 1i-ohoi5t1 Ti: rcvIew Iw-lud<' s:aRIC"

0i1,11c Nalihi iia\etland IjnvIntIov <NWi ) miap. "oulux- so-il surv,-vs, "anh TVA phol:s aidl vidios
ilrantrmivson line structureý. and rfhis of wav Potinlal Nyefland areas. not incdijaicd 'on the

\\VI Imap. arc idectiiitd bstu ed on Miiaetqretwtion oftopyuraphicaturcs w ar bode ,
intt-i•.ril.m'i. TNVA phomCos md.1(l vicleox aid prI m : lo WIiiyv Io fenatuts,0 NWI wetlandF or
pcten-tial elthind ariýas arC supermjuised "as Jaycrs on an A"L"Map electftrbnic -tcqraJpilIc i'ap
(se , inrluded main s .ht:sce AxrcNp anima'; aFLre spill wt,, 'SO and are a oipaniad by the L xul
spread sheei mhrhlid. arsl thai h av becn in'iluded with the NWI daia as areas ofpo'tential
k',etland -h n what sp iiud u•iudnes ar, t o be u. d in cuah i stuafion to avoid adversc imllpa i,ý

Th'e, NWI w'etlah are n irji:dwaied on the, A:i.CMjp dtalin.•s for b2th i tIe ROW and a -mile
diai,'icr bti fi`r -. , arouncd the ROW. Potenfial wetland areas are identifieid inhe1w ROM, but
arc 110t Ifdenified ir, the buft'r area. paris of which may be used for ,R.OW acc,:ss, 1f, tif' access
Tome follomvs ,an cxisihinng road that does not roqiire 9anyv .4eait or inpgradirhg. no fntihe wetlahd
r ?4-v.'wa e needed, Rupar an td upgiadinc' indiludes; buitis nhot limiind io;gadinpg. 1iii addition.,
ne i upg raded sireani crssinmgs. and v'epeiatigol renival, If a new tr upgraded accetss roupe is>necessarv -environrenra! -reviaws of~those panicular access ar~eas-are cojidtifeed as rtquiredlby
the Nation'al 1'. ironmental Po~lie'.A4. (N.E-PA\.

"T~ L N ation•al Vi ufl-d ]invntsnor3, .CNV•I ) dateax was co.mpiled-~n~tm hi lia]it ]ed a~riafl
phfot, raphv, some orfw'hm h is now over 15 yeirs old. with vin-,. limitd 5fied verification.
Because ,of flils. some, of the N WI* dala nva he inaccura..e. The hminations of the N WI data are
WbN- idered in the perfocnane, of trnasni s.i onr he' nainienance ai d ROW vegetation

nmel ant4e, pro ees to avoilae'd m al wettandimnapctF, Sin.- -it'here acoultdb e wetand, 1&ebnl
for whith no map evidence or otherdaata unrrently exists, m~nienInance crewsretýain alerl to Such
hings as, waer on the surface ofibte goiund soil saturafiorL tht .pe of vegeeation ifovuwing rin anarea, .nd eidehirc of pregenz, stasonal otirnporar" fio, n-.

In the abscnce of aaround suey tby a wetfiad- 'necahst to determin-e wefltibd presencem-id
locatin hi*brRoW veeinn m:ainreian• and v.ianerniCsin line.-inttmneflLneprflei.: -Besi-
NMana~wment Practiceg ds desrib.d in Munv(1y 99U9 a'e implemiented o avoid and minimize
pclenfiul impatpts (se• Ta~bles I I. Thesec nedliqpes would he implenilcntd'in all lotiOhs
where Nq\AV- F !xvtands, mad jut nitidi aLi Wlanid a areas ifndicafed an-th pr-11 At maip subintted by
the-JAVA N arral, hlni-te staf•.

Site-specific regotmtngni~ns fo1 ROW vegetatin mainiieiae and trans•sm'sion line
.marn1enance pr~leet5 are providedi when needed (Se I abe- I & 2).
In additionm ce-ain aetivifies that may occ•tuiF durinai pole rplaeernTn in tvtlands are renaulated
under Sections 40-4 and.401 of 0h1 Clean Water Act. U S- Arn Corps, of Enuin..rs IUSAGE)
Nationwidve Generat.Permit (NWP) #'V12. uthorizes cerufin aenTilies related ii)Utility line
congtuction and nohntns conditions tik ensure that imhpacts ,to weflands are mnimfil Section
401 gives siaW he aethority to certi f whether activnies cmnittd u.nder Sc ton 4ý4 arc in



accordane wvih state water quality sumtdard% (Strand, 1497) A qualified TVA A. r TVA conmracl
wetland.s spacialisi would be reLQuwr-d io dilintiait'-tlie welaind(si and provdioc tic wteland
deienniitiion daila f~onms wvhiil ar.. rLztuir]W ir J*:- VluCIsion 1n thle pe-nnit app]i uai or;- TV\, '•o
iB illowS i xeculive C)Idcr 1 1990 which require.- ill federal agcnecirs. •o minimize ,h' di•ni ciinn
l < deu Icradation olx..vtl]ud,. and io prcsurvc- and enhanc.-l 'te nawral and bliaefcial valuess )J
w.'utlAInd. tC, iic-arr ir tl• agent; "s rsp os ihiliNiie.

IPoQenti'd impacts to wctlnodý. rcsuhIiuw iirn ROW \ :,_Y V*.tior. In1cntid I ant r.-¢-and nli line
svinMenance acmivitics includet: L,,cgatinm damag-e. soil compactioi and erosion dim fation.
and hydrolouic ultemions. These impacts arc ;avoided or mnin-iized during TV\A minrirnance
operations b, lfoiowinc the recommendations o the -didcfine.s presented above and
iiriplementing all rele.vant Best Mana-'uMeni Practices. in addition. the appropilamet pernits are
e)bjained if.required for ihe specific uct5rlity.

6



Overview of Environmental Compliance Process for New
Transmission Line Constructiot

I'riur it., sc:t tion 01 popmental roult:. for Ii e transnm si 1intes. PSCi id coilfic-3 I111ueo graphic
"Si(iyV 0reaN" that includie 'll po1cnielll ruulcs. Heritage? dataibase records offliqted phliis and
aiIin i~ilS. cz.vcs. IInItural aric1,. a•ld N \,V Ii i aid I ai S t is stud)' Ii'Ca aHT. proi-.',d 1t•o F()t 34 dhis
muein the. pl-ann l T.et.j and other daata ura usod io suppoi1 dzvelpuieni of sp.tcii-
rotile :1ttr1-,.live. 1,67- 1r1L thli new line. Proud'edur e. for enxiironmenial review ofproptosol .rwid
routcs dovelop•d with this prulimhiair inibr nirtirn rnav include field .surveysP. dependigi: on
ressource ar,,a (briefly discu:scd by resource) below. Data obtained friom field suwrveyvs for new
Consfticuion pr :jrect ar used It' update the Heritaic and wetlands dainbase so that it is
available for future maiintenaince projjeits.

If potential construction impacts to pianls or animals ri tlhe feideral Endangnre:d Species Aci are
:identified. Heritage and PS0 staffs will make ever- effort to avoid these impacts. lfavoidanrte is
fiPt possible. lei-iiage spi~oialists consult. as a5Upropriale with the U.S. Fish & Wildlife Service.

1(Ana1Ured .'easc) - .Aanazed A reasm Ecolaoicalh: SinizIif.iant Siteg. anw Nawinnal.-Riier
lventorr, retrie'u" of New( TI4 TransmtW•iaon Line ConsirrUCti•n

A deskiop level review of the proposed route aliernatives_ identifies 1%A4. ESS. andOr NRI
streams that could b"e impacted by ne.w ransmis,;ion line construction. The TV'A Natural Areas
CoO-dinator mnihi contact managers of any non-T\A areas tiamt mrhl be affected to confirm
boundarielsof the area and maaiagemenw objectives. Na.ural A-eas input to the NEPA document
pre"pared for this new construcidon line project includesflte commitment for inv mitigation that
m iighi be appropriaie, to protect managed ircas from any adverse iMpacis of constiction
activities. Field sorvceys are not usual] Vrequired, but may be approppiate in some cases.

(Poftl- Siaieand Federal listed plant re.twr~ctiwons fo..G.•nsrtaci". .u. .ewT.,A

A desktrp level review of tde proposed route ahematives is performed w:idei_.n " stae anrid
ibderzillh lisied plant.; nown fiom witiiin-the countlies included in the consirucli-on line route
alternafives. If thib initiial review indicates the project may impact a listed plant. field suz'evs are
made of the proposed routes. The PSO prot,.ess for line construction noyrnalIy allows for reroute
nentliations io avoid potential imtpcts to listed plants. These rernoutes are wotked out in
Cooperation between I Ieritage and P!SO staffs, and are contingent upon enviromental review
res-uls for other disciplines. The botanical input to the NEPA document prepared for this newconsiruction line proj•ec includes. he comminneni for any !iiigation thai might be appropr ate to
lisied plants from any; adverse impacts of tonstruction activities, and also manke
reeo(niniendations al"out ROW maintenahce activities specific to maintain populations of listed
pl)ints idcni 1i ed.
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(7(!rrcvxriv *1 Animda~v Siaze and Federeal Proiecerd -litnal revIew( I 0, • 11 ".4 Truiisnez*1, A

A 1kisop level revicv of the¢ pted ruie lllt maitiiyes is pcrfl6unin'd in id'iiif- slae and
I'dlrahistd i anlik at.known ic occur within the couniies inicluded n III 11L. ,n1rLiclib line
ioutc ,I•k'rnmv> s. t.his initial reticw, indicac:. hll' pioluc i mynpowl aitisi'tcd animial, iiwld
iuI Ly ii t i1 c re ,I 11 wnpOdt of tut0 The i Mcul , ihey ti ,d s'Uvgiv. arc Cowt r \Iivz. j1"
th t[ CO•jlI.IF~rl OII o•0 pth xcic.• rtus,'I,'1e is foi requircd lbra dciiwrmijlili n ii.i confiruclfio (if

nhCu n. N l may afiect file species -h' pre sc.ce o1 pprupriatii lhabital fti ble imted anin-imls
aliolngi the proiposhed routle uid reuh i OUIL iwgouations Cxidr.pcificWlx i n nd
mili-ticmn. Az, mentioned ibove. ihe PSJ process ibr line te•1nai ' nonn ] ly allov fbir
fcrvule neotialotiols: 10 avoid porenTio impacts to lisied animals. These reroutes iare wourl'ed out
in 0ookipration b5eweert Hieritage and PSU stiih and ar ceonlingent upon envi. onnnlil r IOVI"
retult for othe di.dipl~incs. Th- zboim'6kial input to the NEPA idonumeni pr-parid fto this new
construeioil line prjoec. includes lie conin'li.m t lbr "an), lnu'figaiicn thba mil-hii be a p p i-pimae to
pmiec. lis-ht4d animls or tIheni hatbiats from any adverse impacts of consirumiion aciivitits. and
also a. etmendaions ahbout Jitnru RO\ v'e'ation! and transmission lne maintlenance
wtivie slpecIific to' idianiman populations d" limcd aninials i dentified-

Aquatic .Aninals'.) Saite aind~fdervit proected oan lriew (proposed new TVA4
t I t'sfi, qioItine comivJetiion.

deslaop l.evel revi'cw of uth porposco ruuie aathmiaives is perforemiu Io identify 'sale and
-ederaly liqleld-animals known to pcctur within the counties amd watersheds included in tihe
geoiraphic areas poteniially affdcctcd byc mtisrucilon line roue aiternatires. Because
ropograpthii maps a4e nmi always accurate. aid aqtuaic habitas cdn. be more aceurTIt!V desicribed
bV secing,-temI ie h srveys are .Jqued for all proposed routes. Field surveys provide.
intnnmation .o support -econmendations, Ru 1reanisi-de inanhagenam! zones fhMuncv 1099)rpiifJ])fa1 t if p lie 5Tiuainz encouwti:ed along lh=- rouc. These field spirveys will be1onservaive
in thai blolmuical sampIeS are not non, maly ialken, and confirma-ion ( I'the species presence is not
required fO. cm deninatiun fhak the construction lny a ffec l1we -pecies. "]h'epresmnu. wofa pprupnate aqLutiC habitat fou th" listed animals along thae proposed iroi'-e could result in rcgure
neiotiafions andlor specifkqll vconicnded mitii As menutine above the PgCnprces.
for line constructmin normally allows for rerouw necgotiaions wo avoid nitenuial impacts to lis.ed
ýanimals. 1T1itse rerou'.es are ,orfked kout in cooperation'ettveen Heritage and PSC smaffts and arecuiiuig,•niI Upon Cnv~imo'Inicltal revItew ic•u1lk itir herdhisdmlines. $trnanvidc mam'emncn1
Azones for all w' aterbodies osscd by the proppi.e roules are' itagcgd in the field "ind also,d.Oeumented withi poly ons dcesignaniin.the Pn'wn r likely ext-nt ,of hia ccurrcnece on a3n

AreMlap electronic iopographic, map delineated us'ing subnracter accuracy GPS unit.. Ilhe
aquatic aim•!l inpuv to.tht- NY', A 'dloumen1 prepareppe tit this nets ('ol'4strlitioil line projecl
micludes snecificafion of Streamsidc m anagyem en- zorus for each Stream trossed by th- plrpposed
rouies: and also includes conmmiuient fom any mitiigation lhat migiht be appopriate to proiec
listed animals or their hiabints fi'om anv adverse impactsoficonstruction actifvities.
Recommendations lo future ROW vepiiiotn and transmission line mn-aintenance actfiities thai
would mintain populations oflisted animals are also identified in the NEPA documrent
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(If -eflhnds) - etlu'edum" rtcview of m'opu.'ed ner 7"J 4 lrunsmi.*sion line c.nsrrurrion

.A dc4ku [ lev.c! reviewv of thu 'proposicd rcsul" d htcrnmaivz• is peirfonned t i•cnif?-" ar.a-
N\VI. soil surve, mians znd data indicic wulds prescrti in the ,eoLerav'hi"- arca., p,.icntialy
n'i'iecvucl h,. co~n.iruction line rout aliernalii.. kic|d SLjurv\s for wetLands arc rt'quired 1br all
propotsed rtuic-,. Al,\ .wct]lnd.• ýU;lcOUilej'] aIrc d.linrwiud . 1 with s:ndani wctlaiis .deliltal"i(tit
itcclmiyucs. anid Ae tcological uonditlion is: alzo 'valuatic using a TVA-d"ioptled wetland rapid
asseSilnviici p•olou•]. \\"ctland' Cru.used h'b the.t pmopOSd Toult.-I ar flai,,eid in li ficield. d also
niapped usir' .. ubmle ter accuraur 0.I'S 'units. The presence of w•vtlands alonb tile propotsed
roule coIl d. resth I mult i n.goimi, nny and/or specilitaly' rturmmended nilieaion. A,
Me.ltio•d•! adbOv\, lihl ISO protcess for line col;4mntrul•ri Lll nIOMIaii lwOs-12)fr refUk.1' floti-OalionS
to avvid p0t.tifial impacts 1o wltluids. ThCse reroutes arc worked ouL in cc;(pi.ramti0 betk,,en
l-critzie and PSO slaf 'C . lroId are contingieni upon cnlvironimwtal review re.;ult-: frr other
disciplines and the practicability of lhe sugg'ýtsud rroul. Tý he wetlands inpul to lhe N1tIJA
document prqparedt fitt this ncw consirudiion line prijull iintludes docuinemation tsize and type
Of wetland, for example) for each wetland crossed by •ieh proposed routes. and also includes
wiimnitmem fo1r any miiigation thai miit, be. appropriate to lrItci these wetlands ftom iadveise

impacts-of Construction JLLivifi ts. Recommendations 1or future RhCW vecetation and
transmission line mailnenance aclivities are also idenuiiiexd in the NEPA document.
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ENCLOSURE 2- RESPONSE TO.NRC INFORMATION NEEDS - AQUATIC ECOLOGY

Response to NRC Information Needs

Related to

Aquatic Ecology (AQ)



Enclosure 2 Page 1 of 16
TVA Letter Dated: June 2, 2008
Responses to Environmental Report Information Needs

NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information needs:

AQ-01: Section 2.4.2.5.3. Is there a commercial fishery on Guntersville Reservoir,
including any commercial mussel fishery? Are there commercial or recreational
fisheries below Guntersville dam or in Wheeler Lake?

AQ-13: Page 2.4-23 Historical harvest of striped bass, spotted bass, and genus Lepomis
from sport fishery.

BLN INFORMATION NEEDS: AQ-01 and AQ-13

BLN RESPONSE:

As of 2005, five commercial fishing licenses were distributed in Marshall County and six in
Jackson County. Commercial anglers on Guntersville Reservoir are only allowed to take rough
fish such as carp, gar, and sucker species. Although some game fish are inadvertently caught, it
is unlawful for commercial netters to keep or sell game fish. Mussel densities adjacent to the
BLN are too low to support commercial or recreational uses.

Wheeler Reservoir downstream of Guntersville Reservoir supports a recreational fishery. TVA
conducts annual sport fishery surveys on Guntersville and Wheeler Reservoirs each spring for
largemouth bass, spotted bass, smallmouth bass, and crappie; surveys do not include monitoring
for the genus Lepomis (sunfish). Twelve sites at four locations are electro-shocked to determine
sport fish composition within each reservoir. Total shock time during the 2002 and 2003 survey
on Guntersville Reservoir was 30 hours. From 2004 to 2007, total shock time decreased to 24
hours for each survey. Total shock time for each survey year on Wheeler Reservoir ranged from
22 hours in 2002 to 18 hours in 2007. Species abundance from 2002 to 2007 is displayed in
Table 2.4-X7.

ASSOCIATED BLN COL APPLICATION REVISIONS:

1. Revise ER Chapter 2, Subsection 2.4.2.5.3, to insert new second and third paragraphs as
follows:

As of 2005, five commercial fishing licenses were distributed in Marshall County and six
in Jackson County. Commercial anglers on Guntersville Reservoir are only allowed to
take rough fish such as carp, gar, and sucker species. Although some game fish are
inadvertently caught, it is unlawful for commercial netters to keep or sell game fish.
Mussel densities adjacent to the BLN are too low to support commercial or recreational
uses.
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TVA Letter Dated: June 2, 2008
Responses to Environmental Report Information Needs

Page 2 of 16

Wheeler Reservoir downstream of Guntersville Reservoir also supports a recreational
fishery. The TVA conducts annual sport fishery surveys on Guntersville and Wheeler
Reservoirs each spring. Twelve sites at four locations are electro-shocked to determine
sport fish composition within each reservoir. Total shock time during the 2002 and 2003
survey on Guntersville Reservoir was 30 hours. From 2004 to 2007, total shock time
decreased to 24 hours for each survey. Total shock time for each survey year on Wheeler
Reservoir ranized from 22 hours in 2002 to 18 hours in 2007. Snecies abundance from
2002 to 2007 is displayed in Table 2.4-X7.

2. Revise COLA Part 3, ER Chapter 2, by adding Table 2.4.X7, Sport Fish Species
Abundance in Guntersville and Wheeler Reservoirs 2002 - 2007, as indicated below.

Table 2.4-X7
Sport Fish Species Abundance in

Guntersville and Wheeler Reservoirs 2002 - 2007

2002 2003 2004 2005 2006 2007
GR WR GR WR GR WR GR WR GR WR GR WR

Largemouthbass 792 1171 880 1234 979 1628 1004 1390 888 797 594 1265
Spotted bass 142 0 50 2 71 0 52 4 68 5 89 5
Smallmouth bass 0 113 0 6_4- 1 94 0 64 0 108 0 35
Crappie
(black and white) 76 0 29 8 247 23 132 6 171 78 67 100

Note: Values indicate total number of fish caught within the yearly spring survey of Guntersville
Reservoir (GR) and Wheeler Reservoir (WR).

ATTACHMENTS:

None.
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TVA Letter Dated: June 2, 2008
Responses to Environmental Report Information Needs

NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information needs:

AQ-02: Page 2.4-18 and 19. Provide the basis for the statement that "Because the fish
community is substantially similar at these locations [TRM 375.2 and TRM 424.0]
and no unique reservoir habitat exists adjacent to the BLN, it is reasonable to
assume the fish community adjacent to the BLN (TRM 391.0) is similar to the fish
community determined for river miles 375.2 and 424.0.

AQ-03: Pages 2.4-18 and 19. Does the assumption of similarity in the fish community apply
to the fish community inhabiting the intake canal and the area adjacent to the intake
canal? If so, provide the basis for the assumption that this fish community would
be substantially similar to those at locations TRM 375.2 and TRM 424.0.
Otherwise, provide a list of species likely to inhabit in the intake canal or that are
likely to be pulled into the canal during operations.

BLN INFORMATION NEEDS: AQ-02 and AQ-03

BLN RESPONSE:

By correspondence dated May 2, 2008, TVA provided responses to comments made by the NRC
reviewers during the sufficiency review of the BLN COLA, including the Applicant's
Environmental Report. In response to comment ER50 and ER52, TVA addressed the NRC
reviewer's questions regarding the similarity of the fish community at Tennessee River miles
(TRMs) 375.2 and 424.0 (as well as at TRMs 350.0, 405.0, and 410.0). This similarity of the
fish community at these five locations supports the assumption that the fish community in the
area of the intake canal is similar, as the BLN intake canal is located within this stretch
(TRM 350.0 to TRM 424.0) of the Tennessee River (Guntersville Reservoir). Because NRC
Information Needs AQ-02 and AQ-03 request the same information as that provided in response
to ER50 and ER52, TVA refers the reviewers to the response provided in TVA's May 2, 2008
letter.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

None.
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TVA Letter Dated: June 2, 2008
Responses to Environmental Report Information Needs

NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information need:

Page 2.4-17 states that "Aquatic communities have been extensively studied within
Guntersville Reservoir and Town Creek". Provide the results of studies of the aquatic
communities in Town Creek, including species list and habitat type.

BLN INFORMATION NEED: AQ-06

BLN RESPONSE:

By correspondence dated May 2, 2008, TVA provided responses to comments made by the NRC
reviewers during the sufficiency review of the BLN COLA, including the Applicant's
Environmental Report. In response to comment ER49, TVA addressed the NRC reviewer's
questions regarding studies of the aquatic communities in Town Creek by providing species lists
and habitat information for Town Creek, and also demonstrating that the aquatic fauna identified
in Town Creek are similar to those identified in studies of aquatic communities in Guntersville
Reservoir. Because NRC Information Need AQ-6 requests the same information as that
provided in response to ER49, TVA refers the reviewers to the response provided in TVA's
May 2, 2008 letter.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

None.
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TVA Letter Dated: June 2, 2008
Responses to Environmental Report Information Needs

NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information need:

Page 2.4-19. Provide data and analysis from the benthic macroinvertebate sampling (1974 to
1984) that occurred adjacent to BLN during a preoperational biological assessment of
Guntersville Reservoir. Specifically the identity, frequency and general habitat location of
the surveyed mussels.

BLN INFORMATION NEED: AQ-09

BLN RESPONSE:

During the week of March 31 through April 4, 2008, the NRC staff conducted an audit of the
BLN site, including a review of the documentation supporting the BLN ER. At the site audit exit
meeting, NRC Aquatic Ecology reviewers identified documentation needed to provide the data
and analysis from benthic macroinvertebrate sampling that occurred adjacent to the BLN from
the mid-1970s to the mid-1980s. The requested document, "Preoperational Assessment of Water
Quality and Biological Resources of Guntersville Reservoir in the Vicinity of Bellefonte Nuclear
Plant, 1974-1984," dated 1985, is provided as Attachment A to this enclosure. The attachment
provides detail related to frequency and general habitat location of the surveyed mussels. In
providing the preoperational assessment report, TVA understands that the NRC staff considers
these comments resolved and no additional documentation is required in response to these
information requests.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

The following document is provided as Attachment A to this enclosure:

A. Tennessee Valley Authority, Preoperational Assessment of Water Quality and Biological
Resources of Guntersville Reservoir in the Vicinity of Bellefonte Nuclear Plant, 1974-
1984, 1985.
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TVA Letter Dated: June 2, 2008
Responses to Environmental Report Information Needs

NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information need:

Page 2.4-19. Provide the results of the 1995 and 2007 mussel survey including the locations
of the survey with respect to the site.

BLN INFORMATION NEED: AQ-10

BLN RESPONSE:

By correspondence dated May 2, 2008, TVA provided responses to comments made by the NRC
reviewers during the sufficiency review of the BLN COLA, including the Applicant's
Environmental Report. In response to comment ER58, TVA addressed the NRC reviewer's
question regarding the 2007 mussel survey adjacent to the BLN site and information on
recreationally important species. The 2007 mussel survey report and the results of the 1995
mussel survey (also conducted adjacent to the BLN) were provided as attachments to the
May 2, 2008 letter. The transect location and orientation details are included in the survey
reports. Because NRC Information Need AQ-10 requests the same information as that provided
in response to ER58, TVA refers the reviewers to the response provided in TVA's May 2, 2008
letter.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

None.
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TVA Letter Dated: June 2, 2008
Responses to Environmental Report Information Needs

NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information need:

Page 5.6-4. Provide the procedures used to minimize impact to aquatic ecosystems from
ROW maintenance.

BLN INFORMATION NEED: AQ-18

BLN RESPONSE:

By correspondence dated May 2, 2008, TVA provided responses to comments made by the NRC
reviewers during the sufficiency review of the BLN COLA, including the Applicant's
Environmental Report. In response to comment ER-07, TVA addressed the NRC reviewers'
questions regarding TVA procedures that provide guidance for right-of-way (ROW) maintenance
near aquatic ecosystems. Because NRC Information Need AQ- 18 requests the same information
as that provided in response to ER07, TVA refers the reviewers to the response provided in
TVA's May 2, 2008 letter.

In addition, at the BLN site audit held March 31 through April 4, 2008, the following document,
referred to as the "Muncy Manual," was provided to the NRC Ecology reviewers:

Muncy, J. A., A Guide for Environmental Protection and Best Management Practices for
Tennessee Valley Authority Transmission Construction and Maintenance Activities (revised),
Technical Note TVA/LRINRM 92/1, TVA, Norris, TN, (Chris Austin, Chris Brewster, Alicia
Lewis, Kenton Smithson, Tina Broyles, Tom Wojtalik, editors), 1999.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

None.



Enclosure 2 Page 8 of 16
TVA Letter Dated: June 2, 2008
Responses to Environmental Report Information Needs

NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information needs:

AQ-20: Page 4.3-7 refers to the installation of riprap as a measure of bank stabilization.
Page 4.2-3 discusses the installation of riprap, stemwalls or other appropriate means
to stabilize the banks of the embayment. Are there any plans to install riprap on the
banks along the reservoir? Provide a copy of the TVA requirements for installing
riprap, stemwalls and other means to stabilize the banks of the embayment.

AQ-21: Page 4.3-7 states that "Because intake and discharge structures are already in place,
new construction is not expected to occur near the banks of the reservoir. However,
pages 4.2-1 and 4.2-2 lists proposed construction activities that could result in
impacts to the hydrology at the BLN site including construction or modification of
the existing cooling water intake structure and discharge structure and construction
of new and/or potential modification of docking facilities for barges/vessels. Will
construction occur on the banks of the reservoir?

BLN INFORMATION NEEDS: AQ-20 and AQ-21

BLN RESPONSE:

By correspondence dated May 2, 2008, TVA provided responses to comments made by the NRC
reviewers during the sufficiency review of the BLN COLA, including the Applicant's
Environmental Report. In response to certain elements of comments ER04, 11, 43, 44, and 45,
TVA addressed the NRC reviewers' questions regarding measures to stabilize banks of the
intake canal embayment and provided clarification that no new construction is planned. Also, as
stated during the site audit, riprap installation for river bank stabilization was completed as part
of Bellefonte Units 1 and 2 construction activities. There are no plans for installation of
additional riprap or any stemwalls. Any refurbishment of existing structures such as the intake
canal or barge docking area, during Units 3 and 4 construction, would be more accurately
characterized as a maintenance activity. Changes to the BLN ER to clarify maintenance
characterization for activities described on ER pages 4.2-1 and 4.2-2, and riprap installation were
provided as part of the response to comments ER04, 11, 43, 44, and 45.

As applicable to developments for which TVA is issuing a permit under Section 26a of the TVA
Act, TVA requirements, guidelines and best management practices (BMPs) for installing riprap,
stemwalls, and other means to stabilize embankments are described in two documents:
"Regulation 1304.208" and "GS Conditions (General and Standard Conditions - Sections 3
and 6)." These documents are provided as Enclosure 2, Attachments B and C, respectively. As
modified for site-specific application, TVA typically identifies similar conditions and BMPs for
implementation in TVA-initiated projects. However, as stated above, riprap installation is
complete; there are no plans for installation of additional riprap or stemwalls.
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Page 9 of 16

Because NRC Information Needs AQ-20 and AQ-21 request the same information as that
provided in response to ER4, 11, 43, 44, and 45, and procedures for installing bank stabilization
measures are attached, TVA refers the reviewers to the response provided in TVA's May 2, 2008
letter and to Attachments B and C to this enclosure.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

The following documents are provided as Attachments B and C to this enclosure:

B. 18 CFR 1304.208, Shoreline Stabilization on TVA-Owned Residential Access Shoreland.

C. Tennessee Valley Authority, Form TVA 17416[5-2005], General and Standard
Conditions, Section 26a and Land Use.
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TVA Letter Dated: June 2, 2008
Responses to Environmental Report Information Needs

NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information need:

Page 4.2-8. Provide the TVA regulations related to dredging operations.

BLN INFORMATION NEED: AQ-24

BLN RESPONSE:
During the week of March 31 through April 4, 2008, the NRC staff conducted an audit of the
BLN site, including a review of the documentation supporting the BLN ER. At the site audit exit
meeting, NRC Aquatic Ecology reviewers identified additional documentation needs. This
document, "General and Standard Conditions, Section 26a and Land Use," is provided in
response to Information Need AQ-20 and AQ-21 and provided as Attachment C to this
enclosure. In addition to this document, clarification on TVA regulations related to dredging is
provided below.

TVA's proposed activities at the BLN site include possible maintenance dredging needed to
desilt the intake canal to return it to its originally constructed contour or capacity. Desilting or
dredging procedures, guidelines, and BMPs are not specifically outlined in TVA regulations. In
the State of Alabama, if a permit is needed, the requirements for such activities would typically
fall under the requirements of either a general or site-specific U.S. Army Corps of Engineers
(USACE) permit. If a USACE permit is not required, TVA would stipulate general conditions
and BMPs similar to those established in Section 6 of TVA's General and Standard Conditions,
which is attached to this enclosure. The types of BMPs implemented would be dependent upon
where the desilting or maintenance dredging operation were to take place (intake, discharge,
river); how the operation would be conducted (e.g., hydraulic dredge, clam shell removal, or
other less intrusive methodologies); and where the material was to be placed. For other previous
agency desilting or dredging projects, and depending upon site-specificity, TVA has 1) pumped
or dredged materials into geotec filterbags/socks to filter out sediment as the water is returned to
the river; 2) used sediment curtains; 3) used visual monitoring and ceased activities if sediment is
stirred up and may enter the plant intake; 4) placed a dredge cell with a berm and allowed to de-
water; and 5) explored and utilized other less-intrusive methods, if such activities of less
extensive scope and potential for impacts warranted them.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

None. In response to AQ-20 and AQ-2 1, the document titled "General and Standard Conditions,
Section 26a and Land Use" as cited above, was provided as Attachment C to this enclosure.
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TVA Letter Dated: June 2, 2008
Responses to Environmental Report Information Needs

NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information needs:

AQ-25: Page 5.3-4 and 5.3-5. Provide the data from the 2005-2006 and 2006-2007 study of
impingement and entrainment at Widows Creek.

AQ-26: Page 5.3-4 and 5.3-5. Provide a more complete description of how the Widows
Creek data compares with the potential for entrainment at BLN. Are the designs of
the intake systems, the size and orientation of canals, withdrawal rates from river,
and velocities of water in the canal sand through the screens comparable between
the two plants? Will the entrainment rates at BLN be higher or lower than at
Widows Creek and why?

BLN INFORMATION NEEDS: AQ-25 and AQ-26

BLN RESPONSE:

By correspondence dated May 2, 2008, TVA provided responses to comments made by the NRC
reviewers during the sufficiency review of the BLN COLA, including the Applicant's
Environmental Report. In response to comments ER54 and ER55, TVA addressed the NRC
reviewer's questions by illustrating that the intake system at Widows Creek Fossil Plant (WCF)
and the system for BLN are essentially similar regarding intake structure equipment, intake
canals parameters, and measured and estimated water velocities. The similarity between the
WCF Plant A and BLN intake systems provide the basis for TVA's assertion that WCF may be
considered as a surrogate for impingement, not entrainment, at BLN. Impingement at the BLN
intake structure is expected to be of a similar composition, but reduced magnitude, from that
shown for WCF Plant A, due to a difference in water velocity at the BLN intake compared to the
velocity at WCF. Because NRC Information Need AQ-26 requests the same information as that
provided in response to ER54 and ER55, TVA refers the reviewers to the response provided in
TVA's May 2, 2008, letter. (Note: In the response to ER54 and ER55, TVA corrected a
discrepancy in ER Subsection 5.3.1.2.1, which inappropriately referred to "entrainment" in a
paragraph that was actually discussing impingement.)

At the site audit exit meeting, NRC Aquatic Ecology reviewers identified additional
documentation needs that included TVA's report on the 316(b) monitoring program fish
impingement study at WCF, from 2005 through 2007. A copy of this study is provided as
Attachment D to this enclosure.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.
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ATTACHMENTS:

The following document is provided as Attachment D to this enclosure:

D. Tennessee Valley Authority, Environmental Stewardship and Policy, Widows Creek
Plant A & B, ' NPDES Permit No. AL00038 75 316(b) Monitoring Program, Fish
Impingement at Widows Creek Fossil Plants A & B During 2005 through 2007, 2007.
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NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information need:

Page 6.5-4. Provide the basis for the decision that the current Vital Signs monitoring
program locations will be adequate to determine if there are any operational impacts from the
BLN site.

BLN INFORMATION NEED: AQ-27

BLN RESPONSE:

TVA's long-term Vital Signs Program is used to track trends of ecological reservoir health in
Guntersville Reservoir. These ecological health parameters are used in TVA's self assessment of
environmental stewardship and are expected to continue to satisfy TVA's mandate in the TVA
Act. BLN is situated at approximately Tennessee River mile (TRM) 391. TVA has established
Vital Signs sampling sites upstream of BLN at TRM 424.0, 410.0, and 405.0, and downstream of
BLN at TRM 375.2 and 350.0, so that sampling reveals near- and far-field effects of BLN to the
resident aquatic communities of Guntersville Reservoir. To satisfy National Pollutant Discharge
Elimination System (NPDES) permit requirements, two sites upstream (TRM 408 and 410) and
two sites downstream (TRM 405 and 406) of Widows Creek Fossil Plant are sampled once
every two years at TRM 405.0 and 410.0 in accordance with TVA's Vital Signs monitoring
program. The sampling results have provided long-term reservoir fish and benthic
macroinvertebrate population trends since 2000. A TVA white paper, Attachment E to this
enclosure, on the TVA Vital Signs monitoring program provides further details, and
demonstrates the depth and expected long-term capacity for the program to follow trends.
At the April 4, 2008, site audit exit meeting, NRC Aquatic Ecology reviewers identified
additional documentation needs that included TVA's report on the 316(b) monitoring program
fish impingement study at Widows Creek Fossil Plant from 2005 through 2007. In response to
AQ-25 and AQ-26, this document is attached to this enclosure for inclusion in Attachment D.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

The following document is provided as Attachment E to this enclosure:

E. Tennessee Valley Authority, TVA's Reservoir Ecological Health Monitoring Function,
White Paper.
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Responses to Environmental Report Information Needs

NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information need:

Hartsville - Page 9.3-25, provide reference and data from the January 2001 study on the
Cumberland River mussel survey that stated that "a once-thriving population of endangered
mussels could no longer be found." Provide list of species and abundance from the
September 1992 through January 1993 gill net and electrofishing samples. Have other
studies of the aquatic ecosystem been conducted?

BLN INFORMATION NEED: AQ-28

BLN RESPONSE:

During the week of March 31 through April 4, 2008, the NRC staff conducted an audit of the
BLN site, including a review of the documentation supporting the BLN ER. The documentation
provided to the staff included a TVA report titled, "A Survey of the Dixon Island Mussel Bed
adjacent to the Hartsville Nuclear Plant Site, Cumberland River, Smith and Trousdale Counties,
TN - Input for the Hartsville Land Sale EA," dated 2001. Fish species and abundance data from
the September 1992 through January 1993 sampling at the Hartsville site are provided in Table 3,
"Fish Collected in Monthly Netting and Electrofishing Samples at the Hartsville Site, September
1992 through January 1993," of this survey report. A copy of Table 3 of the Dixon Island
Mussel Bed survey report is provided as Attachment F to this enclosure.

At the site audit exit meeting, NRC Aquatic Ecology reviewers identified additional
documentation needs. In response to the staffs request for aquatic ecosystem studies, TVA
identified a report of monitoring that was conducted in the vicinity of Gallatin Fossil Plant
during autumn 2007 in support of a continued 316(a) thermal variance. This monitoring report,
dated April 2008, is provided as Attachment G to this enclosure.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

The following documents are provided as Attachments F and G to this enclosure:

F. Tennessee Valley Authority, "Table 3. Fish Collected in Monthly Netting and
Electrofishing Samples at the Hartsville Site, September 1992 Through January 1993," in
Environmental Assessment and Finding of No Significant Impact - Hartsville Nuclear
Plant Site, Trousdale and Smith Counties, Tennessee, Transfer of TVA Property for
Industrial Park, 2002.
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G. Tennessee Valley Authority, Aquatic Monitoring and Management, Results of Fish
Community Monitoring in the Vicinity of Gallatin Fossil Plant During Autumn 2007 in
Support of a Continued 316(a) Thermal Variance, April 2008.
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TVA Letter Dated: June 2, 2008
Responses to Environmental Report Information Needs

NRC Review of the BLN Environmental Report

NRC Information Needs - BLN ER Site Audit Exit Meeting

NRC Environmental Category: AQUATIC ECOLOGY

During the BLN Environmental Report site audit exit meeting on April 4, 2008, the NRC staff
identified the following information need:

Provide reference 4 on page 9.3-40 (Tennessee Valley Authority, Environmental Report -
Phipps Bend Nuclear Plant, Units 1 and 2, Revision 6, 1977)

BLN INFORMATION NEED: AQ-31

BLN RESPONSE:

During the week of March 31 through April 4, 2008, the NRC staff conducted an audit of the
BLN site, including a review of the documentation supporting the BLN ER. Although the
Phipps Bend Nuclear Plant (PBN) Environmental Report, dated 1977, is cited as Reference 4 for
Section 9.3 of the BLN ER, NRC reviewers indicated that a copy of the PBN Final
Environmental Statement (FES), also dated 1977, was preferable. The PBN FES, as listed
below, was provided to NRC staff. Based on discussions with the NRC's Aquatic Ecology
reviewers and subsequent confirmation at the audit exit meeting, TVA understands that the NRC
staff considers this comment resolved and no additional documentation is required in response to
this information request.

The following document was provided to the NRC reviewers:

Tennessee Valley Authority, Final Environmental Statement - Phipps Bend Nuclear Plant,
Units 1 and 2, 1977.

ASSOCIATED BLN COL APPLICATION REVISIONS:

None.

ATTACHMENTS:

None.
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PREFACE

By nature of the large amount of information contained in this report
(approximately nine years of data collected monthly), several adjustls were
required to limit size of this document. Large data summaries listing either
individual sample values and/or sample statistics are not included. However,
these may be purchased at reproduction costs or examined at the Fisheries and
Aquatic Ecology Branch's (FAEB) office located at the Suuuer Place Building,
Knoxville, Tennessee.

Organizationally, materials contained in this report have been
grouped into three volumes:

Volume I: Text and Figures (figures following each

chapter)

Volume II: Tabular data summaries

Volume III: Appendices (limited to tabular presentations
of important data too extensive or inclusive
for volume II)

Only limited copies of volume III were made to limit costs. Additional copies
may also be purchased at reproduction costs or examined at FAEB offices either
in Knoxville, Tennessee (Summer Place Building) or Nuscle Shoals, Alabama
(E & D Building).
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Abstract

Baseline aquatic conditions in the vicinity of TVA's Bellefonte
Nuclear Plant (BLN) are described for the period 1974 through 1984 with
regard to spatial, seasonal, and temporal observations. Results from all
instream preoperational monitoring activities are presented. Included
are'assessments of physical reservoir data, water quality data, and
descriptions of aquatic flora (phytoplankton, periphyton, aquatic
macrophytes) and fauna (zooplankton, benthic macroinvertebrates,
planktonic, juvenile and adult fish).

Spatial analyses indicated greater abundance of planktonic
organisms from habitat along the left descending overbanks than in the
mainstream river channel. An opposite trend was indicated for
periphyton. Phytoplankton abundance and relative amounts of blue-green
algae were greatest at overbank and channel stations downstream of BLN.
Greatest zooplankton abundance (both habitats) occurred opposite the BLN
site with significantly fewer organisms at the upstream control station.
Ichthyoplankton data identified the Tennessee River upstream of BLN as an
important spawning area for Polyodon spathula (paddlefish) and
Stizostedion canadense (sauger). High densities of freshwater drum eggs
were also observed in the vicinity of BLN and upstream. Consistent
spatial trends were not observed for aquatic macrophytes and most fish
species.

Temporal analyses identified several trends indicating
substantial change over the 10-year monitoring period. Several water
quality parameters (BOD, TOC, Org-N) began to increase during 1982 and
1983. Aquatic macrophytes approximately doubled after 1979 with a new
pervasive species, Hydrilla verticillata, occurring for the first time in
1982. Periphyton changes included increasingly greater relative amounts
of chlorophytes over the study period in addition to a general increase
in phaeophytin a and autotrophic index values, indicating a shift toward
more, heterotrophic growth. Macroinvertebrate taxa and abundance
increased throughout the study period, with a change in dominant genera
observed in 1982. Number or biomass of one or more size classes for 8 of
11 dominant fish species collected in rotenone surveys showed significant
decrpasing trends over the period 1974-1933. Gill netting also
identified a decline in white bass populations during the last three
years of data collection. Abundance trends for several communities
(phytoplankton, zooplankton, and periphyton) were more cyclic than
linear, indicating that monitoring activities may have observed close to
a full range of conditions occurring in the vicinity of BLN under normal
flow and climatic conditions.
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1.0 INTRODUCTION

In May 1973 the Tennessee Valley Authority (TVA) filed with the

Atomic Energy Commission (AEC), now the Nuclear Regulatory Commission

(NRC), an application to construct the Bellefonte Nuclear Plant (BLN) in

Jackson County, Alabama. In accordance with the National Environmental

Policy Act of 1969 (NEPA) (42 U.S.C. sections 4331 et seq), TVA prepared

a Draft Environmental Impact Statement which was sent to the Council of

Environmental Quality (CEQ), State of Alabama and Federal agencies, and

made available to the public in March 1973. TVA's Final Environmental

Impact Statement (FEIS) was sent to the CEQ and made available to the

public" May 24, 1974. The FEIS for the BLN, units 1 and 2, served as the

licensing document. Construction permits for the facility were issued by

the AEC and received by TVA on December 24, 1974.

In February 1974, a combined preoperational/construction effects

monitoring program was initiated in Guntersville Reservoir for the BLN.

On August 15, 1975, detailed procedures were finalized and distributed:

Nonradiological Environmental Monitoring Procedures for the Water Quality

and Ecology Branch Responsibilities at the Bellefonte Nuclear Plant.

Larval fish sampling also was begun in 1974 to assess entrainment

potential for the DLN ERCW intake and cove rotenone sampling began in

1974 to provide long-term baseline data on fishstocks near BLN. On

April ,28, 1980, TVA submitted its construction assessment report (TVA

1980a) to the Alabama Water Improvement Commission (AWIC), now the

Alabama Department of Environmental Management (ADEN), along with a

recommendation to discontinue instream construction effects monitoring.

AWIC concurred with this recommendation on October 9, 1980, and the

1



construction assessment phase of the instream monitoring program was

terminated. Persuant to requirements of the National Pollutant Discharge

Elimination System (NPDES) Permit (AL0024635) for BLN, issued by the

AWIC, TVA submitted a preoperational monitoring study plan on June 3,

1980. This plan as ammended on February 5 and November 17, 1981,

continued the revised Water Quality and Ecology Branch's procedures and

also included fishery components for monitoring'preoperational conditions

in the vicinity of the plant.

In October 1980, TVA completed its first written preoperational

assessment which evaluated water quality and non-fish (phytoplankton,

periphyton, zooplankton, macroinvertebrates, and aquatic macrophytes)

data collected during the period 1974 through 1979. On June 9, 1982, TVA

submitted a report entitled "Predicted Effects for Mixed Temperatures

Exceeding 30*C (86°F) in Guntersville Reservoir, Alabama, in the Vicinity

of the Diffuser Discharge, Bellefonte Nuclear Plant (TVA 1982a)." This

predictive assessment which utilized data collected from Guntersville

Reservoir, observations from other studies, and results from the Browns

Ferry Biothermal Research Facility, was written to satisfy requirements

contained in Part III.J. of the BLN NPDES piemit.

The present preoperational assessment of all instream water

quality and biological data collected at BLN from February 1974 through

February 1984 does not completely satisfy NPDES reporting commitments for

preoperational monitoring at BLN. Fuel loading for units 1 (July 1993)

and 2 (July 1995) has been extended perhaps beyond the usefulness of

these data for making accurate assessments of orerational conditions.

Therefore, additional update preoperational onitoring will be required

for at least two years immediately before fuel loading of unit 1.
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1.1 Purpose and Objective

The purpose of preoperational studies is to establish an aquatic

baseline (fisheries, limnology, water quality) for subsequent operational

evaluation of aquatic impacts. When operational studies are completed,

results of preoperational studies allow evaluation of project impacts and

provide protection from liability for existing aquatic conditions.

More specifically the objective of preoperational monitoring is

to describe both spatially and temporally the biological/limnological/

water-quality variability existing in the vicinity of BLN, including a

baseline description of habitat diversity, trends, pre-existing reservoir

conditions, and cause/effect relationships between biological communities

and efivironmental factors. Descriptions contained in this report

regarding data from 1974 through 1984 will be re-evaluated and

supplemented in a final preoperational report following additional data

collection preceeding fuel loading of unit 1.

1.2 Description of Study Area

BLN is located on a peninsula formed by the Town Creek embayment

on the western shore of Guntersville Reservoir at Tennessee River Mile

(TRM)1391.5 (figure 1-1), and about 11.3 km (7 mi) northeast of

Scottsboro in Jackson County, Alabama. A low-lying floodplain between

the BI, site and the old river channel and along the shore of the

reservoir opposite the site was flooded by impoundment of Guntersville

Reservoir in 1939. These areas now exist as backwater sloughs and

embayments which are protected to a degree from wave and current action

of thq main river by strip islands and bars formed by higher portions of

the old river bank. Four large tributary creeks which enter Guntersville
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Reservoir upstream of BLN (Town Creek - TRM 393.4R; Mud Creek - TRM

394.3R; Raccoon Creek - TRM 393.9L; and Crow Creek - TRM 401.4R) also

provide extensive shallow backwater habitats as does Jones Creek which

enters Guntersville Reservoir downstream of BLN at TRM 388.1L. Drainage

area of the Tennessee River upstream of BLN is 60,451 km2 (23,340

Mi 2 ). At Nickajack Dam, 53.1 km (33 mi) upstream, the drainage area is

56,643 km2 (21,870 mi2 ), and at Guntersville Dam, 69.2 km (43 mi)

downstream, the drainage area is 63,326 km2 (24,450 mi2 ). Other

morphometric features are summarized in table 1-1.

1.3 Summary of Aquatic Monitoring and Reporting

Several aquatic studies have been conducted on Guntersville

Reservoir, including those relating to BLN. In 1973-1975 (TVA 1978a) and

1978-1979 (TVA 1981), 316(a and b) studies were made in the vicinity of

TVA's Widows Creek Steam Plant (TRW 407.5) to evaluate entrainment and

impacts of the thermal discharge. An assessment of Guntersville

Reservoir trophic status and assimilative capacity (TVA 1982b) was made

in support of the proposed Murphy Hill Coal Gasification Project (TRM

368.5). A preoperational monitoring progrL., involving water quality,

fisheries, phytoplankton, zooplankton, macrobenthos, aquatic macrophytes,

and periphyton also was conducted at the Murphy Hill site during 1981 and

1982 (TVA 1983a).

In 1974 a combined preoperational/construction effects

monitoring program was initiated at BLN. This program incorporated water

quality (quarterly), biological (monthly), and those water quality

parameters which specifically support biolor'cal monitoring (monthly).

Biological and support water quality samples were collected February
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through October. The fish community was not expected to be substantially

harmed by construction; therefore, broad-spectrum fish studies were not

implemented in 1974. Larval fish sampling was implemented in 1974 to

address entrainment potential and intake design for the BLN facility.

Initially, sampling of biological communities was conducted in the

mainstream channel and right downstream overbank habitats until 1978,

when a7 change in design for the BLN diffuser redirected the plant

effluent from the right (or BLN) side of the river to the opposite

shore.! Additional preoperational sampling stations were established

along 'the opposite shore effective March 15, 1978. Right overbank

stations downstream of BLN and in Town Creek (upstream) were retained to

monitor construction effects until 1980 when AWIC allowed TVA to

discontinue instream contruction effects monitoring.

Several delays in the construction schedule and fuel load date

for unit 1 contributed to changes in the monitoring schedule at BLN.

Effective February 12, 1979, sampling was reduced at several mainstream

channel stations where a large data base existed. All sampling was

suspended after the October 1979 survey. Water quality and biological

monitoring was reinstated in February 1982 and continued through October

1983. A full scale fisheries preoperational monitoring program was

initiated March 1981 and continued without a break through February

1984. A data base for cove rotenone sampling was collected somewhat

sporadically dating back to 1949. Intensity of cove rotenone sampling

improved over the years such that data collected since 1971 are

sufficient for inclusion into this report. A listing of various written

aquatic assessments relating to Guntersville Reservoir is provided in

table 1-2.
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1.4 Plant Description

BLN is a two-unit plant with the nuclear steam supply systems

designed and supplied by Babcock and Wilcox. Each of the two pressurized

water reactors is rated at 3600 MW core thermal power. The station

operating life is expecting to be 40 years. Waste heat will be

dissipated by natural draft cooling towers (one/unit) together with the

main condenser and circulating system.

The essential raw cooling water (ERCW) pumps are the largest

pumps which take suction from the river. They provide cooling water to

safety-related plant components and supply the raw cooling water system

pumps. Eight verticle turbine pumping units are located in the intake

pumping station. These pumping units are completely redundant and

normally only four will be operating with the remaining four on standby

for emergency use. Flow rates for these pumps will vary with demand;

however, under normal conditions, each of the four operating pumps will

provide 1.1 m3 /sec (37.9 cfs) or less, for a total of 4.2 mg/sec

(151.5 cfs) for the plant.

The intake channel which connects the intake structure to the

reservoir has a 7.6 meter wide (25 ft) treitch excavated below the surface

of the rock to connect to the original river channel, such that the

intake will withdraw approximately 85 percent of its demand from the main

river channel (and approximately 15 percent from the upstream overbank

habitat). The intake pumping station is located approximately 365.8 m

(1200 ft) from the existing shoreline. A floating trash boom will be

located at the shoreline to protect the intake rhannel and pumping

station from floating debris. Maximum crosf sectional water velocity

within the intake channel will be about 0.02 m/sec (0.06 ft/sec) for a

water surface elevation of 593, minimum normal pool.
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The intake pumping station has four openings slightly over three

meters (10 ft) wide and approximately 11 meters (36 ft) high. Maximum

water Velocity willibe less than 0.03 m/sec (0.10 ft/sec) through each

opening at maximum normal pool elevation of 595. The openings are

followed by 2.7 meter-wide (9 ft) vertical traveling screens which have

0.9 c0 (3/8 in) opening mesh. Maximum average velocity through clean

screens is estimated to be 0.07 mi/sec (0.24 ft/sec) at maximum normal

pool elevation of 595. Screen backwash water will be returned to

Guntersville Reservoir via a concrete sluice.

The primary purpose of the BLN discharge system is to disperse

cooling tower blowdown into the receiving water to limit concentration of

dissolved solids in the heat rejection system. Normal discharge from the

natural draft towers will be directed into Guntersville Reservoir through

a diffuser at a rate of about 1.4 m2/sec (50 cfs). The maximum

blowdown rate (4.2 m3 /sec or 150 cfs) would occur when both units are

down and neither cooling tower is operating. Maximum blowdown

temperature is expected to be 35*C (95°F).

An oblique multiport diffuser was designed to achieve adequate

mixing of the discharge during low and reverse river flow. Positioning

of two diffuser sections 22.9 m and 13.7 m long at an angle to the

shoreline will remove the heated effluent from the vicinity of the

diffuser and direct it toward the opposite shore.

Potential impacts to the aquatic ecosystem in Guntersville

Reservoir would occur primarily through the intake and heat dissipation

systems. Intake impacts would involve entrainment of reservoir plankton

Including phytoplankton, zooplankton, fish eggs, and larval fish in

addition to impingement of larger fish upon the intake pump screens. The
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heat dissipation system's potential for impacts would be through the

thermal/chemical discharge of blowdown into the river. Bottom scouring

is not expected to be a significant factor because of the design of the

multiport diffuser pipes.
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2.0 PHYSICAL RESERVOIR CONDITIONS IN THE VICINITY OF BLN

Physical conditions within and affecting Guntersville Reservoir

play an important role in determining its biological potential. Many

physical factors have been shown to influence aquatic ecosystems,

including light and/or temperature (Ward and Karaki 1973; Kimmel and Lind

1972; Lund 1965; Mackenthun 1968; Hoed and Hoogveld 1982); day-length and

rainfall (Lund 1965); river flow (Pennak 1946); water retention (or

replacement) times (Hynes 1969; Wrobel and Bombowna 1976); reservoir

depth, basin contour, surface area, and surface winds (Mackenthun 1968),

and basin geology (Wade, et al. 1981). Degree of influence exerted by a

single factor is many times uncertain because of the large number of

factors involved, their interrelation with one another, the rapidity with

which the environment changes, and the diversity of aquatic organisms

themselves.

It was beyond the scope of this project to decribe a large

number of factors known to regulate reservoir conditions. However,

several major factors and conditions are described in this chapter

(especially as they relate to times on or just before collection of

biological samples) which are considered important to a flow-through

water body such as Guntersville Reservoir. These include: (1) flow

patterns in the vicinity of the BLN site, (2) temperature and mixing, (3)

monthly flows and temperatures during monitoring activities, (4)

discharge from upstream and downstream dams, (5) solar radiation, (6)

travel times for water masses, and (7) rainf'll events. These factors

are characterized by seasonal and annual trends.
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2.1 Flow Patterns

Flow past the BLN site is controlled by operation of Nickajack

Dam (TRM 425.0), upstream of the BLN site, and Guntersville Dam (TRW

407.6), downstream. Past studies have shown the highly variable nature

of flow at the BLN site. Figure 2-1 illustrates the flow regime at BLN

for typical operation of Nickajack Dam and Guntersville Dam. Nickajack

consists of four hydropower units which discharge approximately

1,246 ms/sec (44,000 cfs) when all are operating; Guntersville also has

four units which discharge approximately 1,416 ms/sec (50,000 cfs)

total.. Both dams have a much higher spill capacity for flood control.

The maximum discharge at each dam since closure was in Narch 1973 at peak

rates 'of 7,142 mslsec (252,200 cfs) at Nickajack Dam and 8,897 ma/sec

(314,200 cfs) at Guntersville Dam.

Upstream of the BLN site, Guntersville Reservoir is contained

mainly within the original river channel. Immediately upstream of the

site is Bellefonte Island (approximately TRW 392.3 to 394.7) which

divides the reservoir longitudinally. Also immediately upstream of the

BLN site, the reservoir begins to widen beyond the original channel into

relatively shallow backwater and overbank areas. These areas are

protected from wind and current action by a chain of strip islands and.

bars. These strips extend from above BLN to approximately TRM 385.0, and

are broken periodically, which allows some exchange between the overbank

areas and the main channel. These overbank areas are significant in

considering-biological response, offering plankton source areas and fish

habitat which are different from that of the main channel. Exchanges

between the overbank areas and the main channel are most significant

during periods of rapid water surface elevation change.
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2.2 Temperature and Mixing

Previous studies have indicated that temperatures at the BLN

site are primarily affected by releases from Nickajack Dam. There is

generally a lack of stratification, indicating a fully mixed flow-through

reservoir with short detention times.

Effects from Widows Creek Steam Plant (WCF) on temperatures at

the BLN site are negligible during moderate to high flows. During low

flows, the thermal discharge from WCF mixes in a surface layer 1.5 to 3 m

(5 to 10 feet) deep, across the width of the reservoir. The effects of

this thermal discharge during low flows are difficult to differentiate

from solar heating of the surface layer (TVA, 1982).

2.3 Monthly Flows and Temperatures During Monitoring Activities

Maximum average daily flows during the period of monitoring were

on the order of 4,248 mS/sec (150,000 cfs) and 5,663 ms/sec (200,000

cfs) at Nickajack Dam and Guntersville Dam, respectively. These higher

flows occurred generally during late winter and spring. Plankton samples

were taken during periods of high average daily flow in 1974, 1975, and

1982.

Minimum average daily flows during the monitoring period were on

the order of 283 m3 /sec (10.000 cfs) or less. These generally occurred

in late summer. Plankton samples were taken during low flow in 1975,

1976, 1978. 1982, and 1983. Average daily flows with sample date

indicators are displayed in figures 2-2 through 2-9. Monthly average

discharges for Nickajack Dam and Guntersville Dam are shown in table 2-1,

along with yearly averages, for the period of monitoring (including

12



non-sample months). Estimated occurrence and duration or river flows

less than 0 are shown in table 2-2. Average dam discharges for the

entire monitoring period at Nickajack Dam and Guntersville Dam were 1,141

ms/sed (40,300 cfs) and 1,368 m9/sec (48,300 cfs), respectively.

Travel times within Guntersville Reservoir are governed by the

operabion of Nickajack and Gunteraville Dams. Travel times for the

Nickajack to BLN and BLN to Comer Bridge reaches were calculated for each

sample date. Travel time from Nickajack to BLN ranged from 21 hours to

5.1 days. Travel time from BLN to Comer Bridge, which is approximately

the end of the strip islands, ranged from seven hours to 2.1 days. Daily

average flows on plankton sample dates and for the five days prior to

samples, and travel time on the same date, are shown in figures 2-10

through 2-45.

Temperatures on the plankton sample date and the five days prior

are also in figures 2-10 through 2-45. Table 2-3 shows the monthly

average maximum and minimum temperatures for the monitored period.

During this time, average temperatures ranged from a low of 5.6*C (429F)

to a high of 30.6°C (87*F). The adjusted temperatures should be used

with some caution in this analysis, but should adequately display annual

and seasonal trends.
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Figure 2-26 .Conditions prior to Plankton Sampling on July 19 and Aug. 16, 1977
for Preoperational Monitorlng of Bellefonte Nuclear Plant.
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for Preoperational Monitoring of Bellefonte Nuclear Plant.
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Figure 2-29 .Conditions prior to Plankton Sampling on May 17 and June 21, 1978
for Preoperational Monitoring of Bellefonte Nuclear Plant.
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for Preoperational Monitoring of Bellefonte Nuclear Plant.
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for Preoperational Monitoring of Bellefonte Nuclear Plant.
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for Preoperational Monitoring of Bellefonte Nuclear Plant.
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3.0 FACTORS AFFECTING WATER QUALITY AND BIOLOGICAL CONDITIONS

A preoperational baseline assessment must consider events

occurring within the reservoir with potential for influencing the data

base. Several events occurred during the 1974-1984 period of data

collection which had potential for altering conditions in the vicinity of

BLN. Some of these events are continuing and may become a factor in

future BLN assessments. These events included the following.

1. Upgrading of sewage treatment at the Moccasin Bend plant in

Chattanooga, Tennessee, which resulted in partial and total

by-pass of sewage wastes into Nickajack Reservoir upstream of

BLN from January 29, 1982 to April 15, 1983.

2. Operation of Widows Creek Steam Plant and the discharge of

condenser cooling water into Guntersville Reservoir

approximately 24.9 km (15.5 miles) upstream of BLN (continuing).

3. Herbicide treatments of aquatic habitats in Guntersville

Reservoir and the immediate vicinity of BLN to reduce growth of

aquatic macrophyte species (continuing).

4. Pesticide treatments of aquatic habitats in the vicinity of BLN

to reduce mosquito infestations, but also having potential of

affecting other aquatic insect species (continuing).

5. Operation of a commercial gravel and sand dredge in the

immediate vicinity of BLN and downstream in Guntersville

Reservoir (continuing).
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3.1 Moccasin Bend Sewage Treatment Plant

It was necessary to reduce treatment of sewage wastes from the

city of Chattanooga, Tennessee, in order to upgrade the Moccasin Bend

Sewage Treatment facility. On January 29, 1982, aeration systems at the

plant were suspended. During renovation, the main pump station into the

Moccasin Bend Plant was shut down, resulting in a total by-pass of the

treatment facility for seven days, beginning March 8, 1983 and ending

March 15, 1983. Reduced waste treatment continued until manual operation

of the secondary treatment facility on April 15, 1983.

Prior to renovation, the Moccasin Bend Plant discharged 151,400

ms/day (40 mgd) of treated effluent to the upper end of Nickajack

Reservoir which extends from Chickamauga Dam (TRM 471.0) downstream to

TRM 424.7. One result of renovation increased the capacity of the

facility which is now capable of discharging up to 302,800 mg/day (80

mgd) of treated effluent. Overall result should be a marked improvement

in quality of discharges entering Nickajack Reservoir from the city of

Chattanooga.

Preliminary estimates had indicated an extremely low

assimilative capacity for the Nickajack Rc..rvoir and indicated that the

Chattanooga plant would require additional treatment beyond secondary.

However, an assimilative capacity study (Clark 1975) showed reareation

within the reservoir is much higher than predicted and deemed secondary

treatment sufficient to protect water quality within the reservoir. It

was also felt that wastes by-passed during renovation would be

assimilated within the reservoir with no significant change in nutrients

or oxygen consuming wastes discharged into "pper Guntersville Reservoir.
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Therefore, by-pass operations were not expected to have a measurable

impact upon the Guntersville biological communities monitored during this

preoperational period.

To evaluate this prediction, selected water quality parameters

were collected in Nickajack tailrace (upper Guntersville Reservoir) in

conjunction with regularly scheduled sampling at BLN during 1982 and

1983. The additional samples which were collected monthly (February

through October) intensified data collection from Nickajack tailrace

waters (only limited sampling had occurred previously). Parameters

evaluated included temperature, DO, pH, alkalinity, total-P, organic-N,

NH3 and NH 4-N, NO2 + NO3-N, BOD5, and TOC. Ortho-P and SOC

data were available only for 1982 and 1983. Data were reported to

correspond as closely as possible with data collected from BLN from 1974

through 1983 (table 3-1).

A one-way Analysis of Variance (ANOVA) was used to determine if

the period of by-pass (1982 and part of 1983) affected quality of water

entering Guntersville Reservoir (table 3-2). If a significant difference

among treatments (years) was demonstrated, yearly means were ordered and

ranked (Duncan's New Multiple Range Test) to determine if values for 1982

and/or 1983 were different from previous years (table 3-3). A

significant difference among years was demonstrated only for total

alkalinity (e = 0.05). Alkalinity for 1982 was hIgher than other

years, but not significantly different from 1978. Alkalinity in 1983 was

lower than other years, but not different from 1974, 1975, 1976, and

1977. Failure to clearly separate alkalinity for 1982 or 1983 from other

years-or demonstrate differences amoq& yearly means for other parameters
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indicates that water entering Guntersville Reservoir during by-pass at

Moccasin Bend Sewage Treatment Plant vas unaffected for those parameters

tested and should not have affected the data base collected at BLN.

Nickajack tailrace data also were evaluated to look for any

significant trends during the years of preoperational monitoring at BLN.

Scatter plots and a regression line were developed for each parameter

(figures 3-1 through 3-14). Trend lines were not drawn for SOC and

ortho-P (figures 3-13 and 3-14) because only two years of data were

collected for those parameters. Regression analysis (table 3-4)

identified a significant increase (a P 0.05) in total-P (figure 3-1)

and a highly significant decrease (L F 0.01) in NO +NO -N (figure
2 3

3-2) and summer (June-September) DO cpncentrations (figure 3-3). In

addition to determining significant trends in waters entering

Guntersville Reservoir, these data also will serve to evaluate changes in

water quality in the upstream portion of the reservoir (between Nickajack

Dam and BLN). Data from Nickajack tailrace for 1974-1979 were chosen to

correspond as closely as possible to sampling dates at BLN and data for

1982 and 1983 corresponded exactly to BLN sampling (were collected the

same day).

3.2 Widows Creek Steam Plant

Widows Creek Steam Plant (WCF), located approximately 24.9 km

(15.5 mi) upstream of BLN, is rated at 5,350 MW and at full capacity

discharges cooling water at a rate of 69 m3 /sec (2,437 cfs) with a

maximum temperature rise of-8.3*C (14.90F). An alternate thermal.

limitation of 38.9°C (102°F) (daily maximw 1 was established for-this

discharge based upon a successful 316(a) demonstration. During summer,
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water travel time from WCF to BLN averages about two days, but annually

can vary from under one day to over five days. During this time heat

exchange with the atmosphere can remove excess heat from the river.

During a hot month (August 1978 was selected for use in a modeling

study), it was estimated that the average temperature rise of 0.33°C at

WCF decayed to 0.27*C at BLN. The 0.33*C rise at WCF represents the

difference between average temperatures recorded at the intake and

downstream of the discharge at WCF. Temperatures at WCF intake normally

approach and sometime exceed Alabama's 30C upper limit during summer.

Effects of WCF discharges are to increase downstream temperatures

slightly, causing exceedance of 30C to occur more frequently, and

prolonging duration of these exceedances (TVA 1982). A comparison of

maximum temperatures at WCF Intake and the BLN site (TRW 391.3) during

July and August 1977 and 1980 is provided in table 3-S.

Water temperatures upstream of BLN are affected primarily by

releases from the upstream dam. Water temperature profiles in fall and

winter are nearly uniform, indicating that Guntersville Reservoir is

primarily a flow-through system. Water temperature surveys of the WCF

discharge conducted August 1967 indicate that, for periods of moderate to

high river flow, the WCF thermal discharge would have a negligible effect

on water temperatures at BLN (TVA, 1974). However, for periods of

extended low river flows, WCF discharges mix in a surface layer 1.5-3.0

meters deep and across the width of the reservoir within one mile of the

plant (WCF) (Waldrop et al. 1975). When stratified conditions develop in

the reservoir due to solar heating during low flow conditions, it is

difficult to differentiate between WCF-induced and naturally-induced
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temperature increases downstream of WCF. Typical seasonal profiles of

water temperature in Guntersville are provided in figure 3-15.

Since suspension of monitoring at BLN in 1984, power generation

at WCF has been reduced. Effect of WCF on preoperational monitoring data

from 1974-1984 has been minor and should not constitute a significant

Influence (due to decreased generation load) during the scheduled year of

monitoring prior to fuel loading of unit 1.

3.3 Aquatic Nacrophyte Control

Submersed aquatic macrophytes have created conflicts with

reservoir use since the 1960's when Eurasian watermilfoil (Myrio2hyllum

spicatum L.) became widespread in several TVA mainstream reservoirs.

Eurasian watermilfoil is the dominant species on Guntersville Reservoir;

however, several other species such as spinyleaf naiad (Nalas minor

All.), southern naiad (N. guadalupensis [Spreng.] Magnus), American

pondweed (Potamogeton nodosus Poir.), coontail (CeratoDhyllum demersum

L.), narrow-leaved pondweed (P. pusillus L.) and muskgrass (Chara spp.)

have caused problems in some areas. A particularly noxious species,

hydrilla (Hydrilla verticillata (L.f.J Rollu), was discovered on

Guntersville Reservoir in 1982 and is expected to cause major problems

within the decade.

Guntersville Reservoir is the most severely infested reservoir

in the TVA system. Since 1980 from 15 to 21 percent of the surface area

of Guntersville Reservoir has been infested with aquatic macrophytes

(Burns et al., 1984). In an effort to reduce reservoir-use conflicts,

aquatic macrophytes around high-priority-ar as receive herbicide

treatment at varying intervals during the growing seasons. High-priority



treatment areas are reservoir sites that receive the greatest social and

economic benefits following treatment and generally include (1) high-use

recreation and public access sites, (2) reservoir areas adjacent to

lakeside residences, resorts, camps, and recreational marinas, (3) water

intakes around TVA power facilities and industrial sites, (4) small

expanding colonies of noxious weeds such as hydrilla, and (5) colonies of

dense weeds that support mosquito populations that show tolerance to

conventional mosquito larvicides.

All herbicide treatments in the study area from the period 1974

to 1983 have been confined to TRM 385.8 to 391.5 including Jones Creek

embayment. No herbicide treatments occurred in the area from TRM 395 to

TRN 397 including Raccoon Creek embayment. The areas receiving herbicide

treatment from 1974 to 1983 are shown in figures 3-16 through 3-25.

Several of the areas received more than one treatment per growing

season. The dates of treatment, area treated, herbicide, gallons

applied, and acreage treated are listed in table 3-6.

Four herbicides (2,4-D, diquat, CutrineQ, endothall) have been

used to control aquatic macrophytes and are listed in table 3-7. All are

approved for aquatic use and were applied at label rates. Of the four

herbicides, 2,4-D has the longest history of use in the Tennessee Valley

and specifically controls Eurasian watermilfoil. By the late 1970's

several other species of submersed macrophytes caused problems in

priority areas, resulting in using other herbicides in the aquatic weed

control program. CutrineQ with algicide/herbicide properties and

diquat have been used on a limited scale. Endothall, in conjunction with

2,4-D,: are the primary herbicides currently used in TVA's aquatic plant

management program.
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Jn most instances, herbicides were applied with a conventional

flat-bottomed boat powered by an outboard motor or more recently with

airboats using a spray system with subsurface injection. An exception

was a helicopter treatment of approximately 80 acres in Sublett Ferry

Slough (TRN 389.1R to TRN 390.1R) in September 1982. This treatment was

made in an effort to eradicate a large hydrilla colony that would have

served as a propagule source for downstream spread of this noxious weed.

For the most part, herbicide treatments have not occurred at

stations sampled during preoperational monitoring at BLN. Left overbank

stations at TRM's 386.4 and 391.9 may have been impacted in 1974 (figure

3-16); however, sampling at these locations was not begun until 1978.

Treatment of areas near the sampling station at TRK 386.4 in 1978 and

especially 1979 (figures 3-20 and 3-21) may have impacted that sampling

location; however, records do not indicate that the exact point of

sampling was treated. Treatments in Sublett Ferry (1982, figure 3-24)

impacted one of several stations sampled to evaluate baseline aquatic

macrophyte colonization in the vicinity of BLN.

3.4 Larvicide Treatments

Several complaints were registered concerning severe mosquito

annoyance to construction workers at the site during the sumner of 1975.

A survey revealed that most of the mosquito breeding at that time was

occurring in a construction holding pond. The pond was treated with 30

pounds of 1 percent Dursban granular larvicide at the rate of 0.05 pound

active ingredient per acre. Malathion insecticide was also applied as an

adulticide to those areas (22.8 acres) of t'.e construction site where

adult mosquitoes were causing annoyance. Adult mosquitoes again became
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annoying In late July. An inspection revealed significant number of

Anopheles quadrimaculatus larvae in an extensive band of uncontrolled

Eurasian watermilfoil in Guntersville Reservoir in the immediate vicinity

of the construction site. Adult mosquito counts were also unusually high

at index stations located in this vicinity. It was recommended that the

area be included in the operational larvicide program. No treatments

were made until reviews were completed and approvals were granted by TVA

technical staff responsible for the site monitoring zone. Abate, which

was the routine mosquito larvicide used, can produce mortality in

Chironomus, which is one of the dominant macrobenthic organisms in the

vicinity of the site. However, under actual field conditions, this

effect should be minor since Abate was applied only to the water surface

and not bottom sediments, the habitat of benthic organisms. Abate

degrades so rapidly in water, that is is unlikely that sufficient amounts

of toxicant would remain long enough to significantly impact sediment

inhabitating organisms.

Beginning with July 1975, Abate larvicide was applied by

helicopter at the rates of 0.004 and 0.012 pound active ingredient per

acre to mats of aquatic plants, predominately Eurasian watermilfoil in

the vicinity of the Bellefonte site. Due to the development of mosquito

resistance to Abate, it was replaced with Altosid SR-10O (methoprene)

as the routine larvicide used in the spring of 1983. Methoprene is an

insect growth regulator that produces morphogenetic effects on mosquitoes

rather than direct toxic effects as do conventional insecticides.

Methoprene is very specific for mosquito larvae. Methoprene was applied

by helicopter at the rate of four fluid ounces of 0.025 pound active
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ingredient per acre. A summary of larvicide treatments (1975-1984) is

given in table 3-8.

Observations made in the vicinity of field bioassay siteS on

Guntersville Reservoir have indicated no acute mortality of nontarget

arthropods by Abate or methoprene insecticide applications. In addition,

analysis of Abate water samples collected from bioassay sites on

Guntersville Reservoir indicated that insecticide concentrations were

below detectable levels for laboratory equipment (0.1 parts per billion)

four hours after treatment. Therefore, it appears that larvicide

applications had no major impact on preoperational results collected for

BLN.

3.5 Sand and Gravel Dredging

Throughout much of the preoperational monitoring period, a

coxmuercial sand and gravel company which operates out of Chattanooga,

Tennessee, has been dredging the main river channel in the vicinity of

BLN sampling stations. The BLN construction assessment evaluation (TVA,

1980) identified a change in sediment composition and benthic

macroinvertebrates at the downstream chans~ae station. This change was

attributed to the sand and gravel dredge which had operated in the

immediate vicinity of the BLN station for 83 days before initiation of

the 1978 year of sample collections. Impacts of dredging which included

significant increases in the relative amounts of silt and clay and

macroinvertebrate abundance (Oligochaeta, Corbicula manilensis,

Hexagenia, Chironomidae) are not considered to have been deleterous,

although the data base for preoperational r jnitoring at that station was
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substantially altered. Dredging logo supplied by the sand and gravel

company do not indicate any direct impact to other preoperational

monitoring stations. However, sand and gravel dredging has occurred

upstream of the monitoring station immediately downstream of the BLN

diffuser for a total of 40 days during 1975. Impacts from this dredging

were not observed in the TVA construction assessment report.
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Figure 3-16. Areas Receiving Herbicide Treatments on Guntersville Reservoir
from TRM 385.8 to 391.5 in 197'
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Figure 3-17. Areas Receiving Herbicide Treatments on Guntersville Reservoir
from TRM 385.8 to 391.5 in 1975.
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Figure 3-18. Areas Receiving Hlerbicide Treatments on Guntersville Reservoir
from TRM 385.8 to 391.5 in 1'"
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Figure 3-19. Areas Receiving Herbicide Treatments on Guntersville Reservoir
from TRN 385.8 to 391.5 in 1977.
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Figure 3-20. Areas Receiving Herbicide Treatments on Guntersville Reservoir
from TRM 385.8 to 391.5 in 1978.
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Figure 3-21. Areas Receiving Herbicide Treatments on Guntersville Reservoir
from TRW 385.8 to 391.5 in 1979.
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Figure 3-22. Areas Receiving Herbicide Treatments on Guntersville Reservoir
from TRM 385.8 to 391.5 in 198n.
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Figure 3-23. Areas Receiving Herbicide Treatments on Guntersville Reservoir
from TPRM 385.8 to 391.5 in 1981.
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Figure 3-24. Areas Receiving Herbicide Treatments on Guntersville Reservoir
from TRM 385.8 to 391.5 in 1982. 1
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Figure 3-25. Areas Receiving Herbicide Treatments on Guntersville Reservoir
from TRM 385.8 to 391.5 in 1983.
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4.0 INSTREANB WATER QUALITY

The Tennessee River in the vicinity of BLN is an "effluent limited"

stream. An effluent limited stream is one where stream standards are met by

requiring normal levels of wastewater treatment (i.e., secondary treatment

for municipalities and best practicable treatment for industries). From TiM

382.4 (Roseberry Creek) to TRM 416.5 (Alabama-Tennessee State line), the

Tennessee River is classified by the State of Alabama as suitable for public

water supply, swimming, and other whole body water contact sports, and fish

and wildlife. However, that portion of Guntersville Lake in the immediate

vicinity of the sewage discharge from the city of Bridgeport, TRE 412.9, is

not considered suitable for use as a source of public water supply nor for

swimming and other whole body water contact sports.

4.1 Materials and Methods

Field Procedures--Since the inception of the BLN nonradiological,

preoperational water quality monitoring program in 1974, samples have been

collected and analyzed in accordance with established TVA and EPA procedures

(TVA 1980b, 1983b; EPA 1982; EPA 40 CFR 13b). Two components of this

program evaluated water quality data: (1) to support biological investi-

gations (monthly) and (2) to provide baseline descriptions of a more

comprehensive list of parameters (quarterly). Samples used for the

biological evaluation were collected at TlNs 388.0 and 391.2 (1974-1978,

1982-1983); TEN 396.8 (1974-1979, 1982-1983); and TRNs 386.4, 388.4, and

391.1 (1978-1979, 1982-1983), as shown in figurr. 4-1. These samples were

analyzed for the following parameters: temlirature, dissolved oxygen, pH,

alkalinity, conductivity, turbidity, TOC, BOD, organic nitrogen, nitrate
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plus nitrite nitrogen, ammonia nitrogen, and total and dissolved

phosphorous. The more extensive list of quarterly parameters for the water

quality evaluation is shown in appendix A. Table 4-1 summarizes the entire

water quality monitoring program.

The nonradiological, preoperational water quality monitoring

program for BLN was begun in February 1974 with the exception of one set of

data collected in December 1983, at TRMs 388.0 and 391.2. Water quality

monitoring surveys were performed on a quarterly (February, May, August, and

October) frequency at six locations at which a rather comprehensive list of

physical and chemical measurements were made. Supplemental measurements for

temperature, dissolved oxygen, pH, and alkalinity were also made at these

six locations in March, April, June, July, and September.

In May 1975 the BLN preoperational monitoring program was largely

revised. Sampling was discontinued at one of the six locations (Mud Creek),

and monitoring activities were expanded at the remaining five locations.

The list of water quality parameters collected on a quarterly frequency

remained the same; however, additional physical-chemical measurements,

including nutrients, were made on monthly (March, April, June, July, and

September) surveys. In addition, Ekman dredge sediment samples for chemical

analysis of metals were collected in August 1975 and August 1976 at five

locations.

In March 1978 four additional locations were established along the

left overbank (looking downstream) to help evaluate impacts of the thermal

and chemical plume from plant blowdown. These four new locations were

monitored on a monthly frequency (February through October) for temperature,

pH, dissolved oxygen, conductivity, and nutrients.
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Collection of water quality samples at four of the originalfive

locations was discontinued at the end of 1978. At the fifth original,

location (TRM 396.8), physical-chemical measurements were reduced to monthly

surveys for temperature, pH, dissolved oxygen, conductivity, and nutrients

in 1979. All monitoring was discontinued in October 1979.

The BLN nonradiological, preoperational water quality monitoring

program was reinstated in 1982 at eight of the previous nine locations, with

sampling eliminated at TRM 391.6. Details relating to the physical-chemical

measurements made at each location and the frequency of each sampling survey

can be found in table 4-1. Monitoring was again stopped in February 1984

due to the construction schedule slippage.

Laboratory--All analytical and sample preservation methods used for

chemical water quality characterizations (TVA NRS 1980; EPA 1980; TVA NR OPS

1983;) are approved by EPA

Data Analysis--All water quality data are entered into the EPA

water quality data Storage and Retrieval (STORET) system and are available

from TVA's Data Services Branch, Chattanooga, Tennessee. Data contained in

STORET has been amended to reflect any changes in sampling or analytical

procedures which have occurred during the 4ampling period. Data reduction

and statistical evaluation procedures used standard statistical routines

available through the STORET system. Data collected specifically to support

the biological evaluation was averaged by month and the monthly averages

were plotted against time. Both the biological support data and the other

water quality data were compared to the criteria and standards listed in

appendix A.

All data collected during the prec.erational monitoring period was

used for the water quality analysis. A one-way Analysis of Variance Test
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(ANOVA) (SAS 1982) was used to determine significant differences with regard

to depth and year for water quality parameters collected at each station.

Duncan's New Multiple Range Test (SAS 1982) was used to separate

significantly different (a=O.05) depths and years. A linear regression

analysis (SAS 1982) was run on the parameters which had significant

differences among years to identify linear trends (significant change over

time).

4.2 Results and Discussion

All water samples collected between 1974 and 1983 for both the

biological support and the more comprehensive water quality data are

identified in table 4-1. For purposes of this report, the data used for

biological support has been evaluated separately, and also included in the

more comprehensive statistical evaluation of the entire data base.

Biological Support Water Quality Data--The data base used to

support biological evaluations contained data which was averaged for

specific river miles without consideration of depth (table 4-2). Biological

support data was compared against the criteria concentrations listed in

appendix A. The few exceedances which were found were identified by

asterisks in table 4-2. Values for pH, organic nitrogen, TOC, and BOD were

higher during the 1982-1983 sampling period than they were during the

1974-1979 sampling period, (figures 4-2 through 4-13).

Temperature and Dissolved Oxygen--Individual temperature values

rarely exceeded the State of Alabama criterion of 30*C, but values between

280C and 30*C occurred frequently throughout the summer. A temperature of

31.7*C was recorded at TRN 391.6 in May 1975. A mean temperature (table

4-2) of 30.3°C was recorded at TRM 386.4 in August 1983. Weak thermal
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stratification was occasionally observed in late summer when river flow was

low.

Dissolved oxygen concentrations below 5 mg/L were measurod it six

out of seven stations during August, 1982 and July, 1983, as noted in table

4-2. Lowest average DO concentrations measured during the study occurred in

July 1977 at TR~s 391.2 (2.3 mg/L) and 396.8 (3.3 mg/L). Average DO

concentrations represented data collected at all depths. Since the 5 mg/L

minimum DO criteria applies to measurements collected at a water depth of

five feet, only a few samples related directly to the five-foot depth

minimum criteria. DO values from the five-foot depth which were below the

minimum criteria were measured in the summer of 1975 (TRW 391.2, 4.6 mg/1),

1976 (TRW 396.8, 4.9 mg/1), 1977 (TRW 396.8; 4.0, 4.2, and 4.9 mg/i; TRW

391.2; 2.6 and 3.1 mg/1), 1978 (TRW 386.4, 4.6 mg/1), 1982 (TRW 389.8, 4.5

mg/i; TRW 391.1, 3.6 mg/i, TRW 388.4, 4.1 mg/i; TRW 391.2, 3.7 mg/1) and in

1983 (TRW 396.8, 3.6 mg/i; 391.2, 3.3 mg/1). DO values greater than 10 mg/1

usually occurred during February and Narch.

pH--An average pH value greater than 8.5 occurred once (TRW 388.4,

10/78) and individual values ranged between 5.9-8.9. Values lower than the

EPA aquatic life criteria of 6.5 were recoLaed at TRM 388.0 (12 samples),

TRW 391.2 (10 samples) and 396.8 (18 samples). The highest averages

occurred at stations TRW 388.4 and 386.4 for the 1978-1979 and 1982-1983

sampling periods.

Alkalinity and Conductivity--Total alkalinity ranged from 14 to 69

mg/1 as CaCO . The mean was 45 mg/i, which indicates moderate buffering

capasity. No phenolphthaline alkalinity was meisured. Average conductivity

ranged between 130 and 200 pmhos/cm 93 perc,.it of the time, which is

typical for Tennessee River water.
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Turbidity--Turbidity was only measured in the 1982-1983 sampling

program, for stations 386.4, 388.4 and 391.1, but was measured during all

years for stations 388.0, 391.2 and 396.8. None of the values 3easured were

exceedingly high, but the higher values (20-34 JTU) were usually measured

in thd spring while the lower values (2-8 JTU) were measured in the late

summer. This reflects the effect of spring runoff. THE 391.1 had higher

peak Curbidities than other overbank stations.

TOC and BOD -- Approximately 73 percent of the total organic

carbon (TOC) values measured from 1974-1979 were below 3 mg/l, whereas 75

percent of the TOC values measured in 1982 and 1983 were between 3 and 6

mg/i, indicating an increase over time. BOD values were also higher in

1982-1983 than in the samples collected between 1974-1979. All stations had

BOD5 values below 2 mg/l in 1974-1979. TOC increased at channel stations

beginning in 1979 (figure 4-8) such that 1982 and 1983 concentrations were

greater than during earlier years. BOD concentrations also increased at

all mainstream channel stations during 1982 and 1983 (figure 4-9). Since

similar trends were not observed for waters entering Guntersville Reservoir

through Nickajack Dam (section 3.1), increases of these parameters likely

were related to changes occurring within Guntersville Reservoir. These

changes apparently were related to low DO concentrations (<5 mg/L) which

occurred at almost all stations in August 1982 and July 1983.

Phosphorous & Nitrogen--Total and dissolved phosphorous

concentrations as well as organic nitrogen, nitrate + nitrite nitrogen and

ammonia nitrogen concentrations were also determined for use in the

biological support information. Neither phosphorous nor nitrogen

concentrations were low enough to be limiting factors to aquatic life.

Total phosphorous concentrations were between 0.02 to 0.06 mg/l and
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dissolved phosphorous ranged from 0.01 to 0.03 mg/1 (values of dissolved

phosphorous which were greater than the total phosphorous were not

considered since these values were probably due to contamination of the

sample). Both total and dissolved phosphorous values remained constant

throughout the sampling period. Average organic nitrogen concentrations

ranged from 0.04 to 0.74 mg/i. All values over 0.30 mg/1 occurred in

1982-1983.

Nitrate plus nitrite nitrogen concentrations were consistently

higher in the spring (up to 0.88 mg/1) and were depleted in the summer (down

to 0.01 mg/1). The highly significant decreasing trend in NO + NO
23

data for waters downstream of Nickajack Dam (section 3.1) was not apparent

in the vicinity of BLN. Amnonia nitrogen values consistently averaged below

0.2 mg/1 for the samples collected between 1974-1979. Concentrations as

high as 0.58 mg/1 were measured in 1982 (TRH 396.8), but this was below the

maximum allowed concentration for ammonia based on temperature and pH.

Trace Metals and Other Water Quality Data--The mean values for the

trace metals measured at TRHs 388.0, 391.2, and 396.8 (appendix B) were

compared to the average water quality criteria listed in appendix A.

Copper, total iron, total manganese, lead, and mercury average concentra-

tions for the entire sampling period exceeded the water quality criteria,

but these concentrations are, however, typical of the Tennessee River in the

site vicinity and have been observed in other studies (TVA 1979; TVA 1983).

Exceedances of the copper and total iron criteria occurred frequently at all

stations. Copper concentrations averaged between.30-34 pg/1 which was

approximately four times the 7.4 pg/1 criterior for aquatic life. Most

samples contained copper in concentrations .bove the detection limit. The

Secondary Drinking Water Standard for total iron is 300 pg/1 and the



average concentrations of iron ranged from 425 to 467 pg/i. However,

these concentrations were well below the aquatic life criterion for iron of

1000 of pg/L. Average mercury and total manganese concentration$ Were

close to the criteria. Total manganese concentrations averaged from 55-59

pg/1 which was relatively close to the SOg/l. Mercury, which has a 0.2

Vg/1 criteria, averaged between 0.2-0.4 pg/i. Lead concentrations were

higher than the average criteria of 1.4 pg/i. Average values for lead

were between 12 and 13 pg/i. Many of the lead values were below the

detection limit. The average values of 12 and 13 Ug/i were worst case and

assumed that all values recorded below the detection limit equaled the

detection limit. When these values were assumed to be zero in order to

represent the best conditions, the mean values ranged from 4 to 6 pg/i,

which was still above the criteria.

All individual analyses were compared against the maximum allowable

aquatic life criteria. Concentrations of most parameters were below the

maximum criteria. The only parameters which had measured concentrations

exceeding the maximum criteria at all stations were lead and topper. Only a

few values recorded for lead exceeded the maximum criteria of 36.6 pg/1,

but at least 70 percent of the copper values exceeded the average criteria

of 10.8 pg/i. Chromium data at TRW 388.0 and 391.2 exceeded the maximum

criteria (11 Vg/l) once and twice, respectively. The maximum criteria of

2.8 pg/i for cadmium was exceeded once at TRW 391.2 and twice at TRM

396.8. The maximum criteria for zinc (228 Ug/1) was exceeded once at

391.2, and the maximum criteria of 1.1 Vg/1 for mercury was exceeded once

at TRW 396.2. All of these exceedances are marked with an asterisk in

appendix B.
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The sediment trace metals data are summarized in appendix C for

TRN's 388.0, 391.2. 391.6 and 396.8. Since no State or EPA criteria have

been established for sediment trace metals, concentrations of these motels

from a 1982 survey of TVA reservoir forebay sediments were used for

comparison purposes. The average sediment concentration listed in appendix

C as the "typical value" was the mean of the 1982 values collected in

Wheeler, Guntersville and Nickajack reservoir forebays. Average

concentrations of As, Al, Cd, Ni, and Hg were somewhat higher than the

typical value in all cases except As at TRN 391.2 and Hg at TEN 391.6. mean

concentrations of the other metals wore less than the measured in the 1982

survey.

The first ANOVA was run at each station to identify significant

differences in measurements with water depth (table 4-3). The only

parameters which were statistically different were TOC (TRN 396.8), TDS (TRN

388.0), and organic nitrogen (TRN 380.0). Table 4-4 shows the yearly means

for these parameters which were ordered and ranked by depth using Duncan's

New multiple Range Test. No clear differentiation of depths was obvious.

Separation of TDS data at 15 feet should be discounted because of the

extreme unbalance (1 sample vs. 29 apd 53 samples) in the analysis.

The data collected at all depths were combined for the ANOVA

comparing differences among years, since there were essentially no

variations with depth. Significant results of this ANOVA (table 4-5) were

ordered and ranked (table 4-6) showing the data grouped according to the

differences in the means. Changes in the analytical detection limit

affected the results of some parameters. Beryllium, nickel, and titanium

appeared to have decreased over time, but Vi actuality they had lower limits

of detection in 1982-1983, so the Duncan Test was not valid for those
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parameters. Even though there were significant differences between the

yearly data collected for SO , flouride, dissolved oxygen, pH, selenium,

dissolved phosphorous, and conductivity, these differences shoved no

consistent pattern. An example would be SO . There was no chronological

order'to the data when listed from high values to low values, and the

highest value for SO4 at TRK 391.2 occurred in 1982, but occurred in 1973

at TRW 388.0 and 396.8.

Many differences were observed between the data collected during

the 1982-1983 sampling period and the previously collected data. BOD, TOC

and organic nitrogen were significantly higher in 1982-1983 than in

1974-1979, whereas chromium, dissolved silica, and barium were lower in

1982-1983 than in 1974-1979. COD and total phosphorous were high in 1973

and 1983. with low values during the middle of the sampling period.

A third ANOVA was run for the mid-channel stations (TRMs 388.0,

391.2, 396.8) to evaluate changes occurring from station to station. No

significant differences were present.

Linear regression analysis (table 4-7) showed that values recorded

for four parameters (Dissolved Si, Ti, Be, and As) had decreasing patterns

at TRW 396.8, 388.0, and 391.2. High R-Squared values in combination with

high F-values indicate that a linear regression accurately represented the

data.. The R-Squared values for titanium ranged from 0.56 to 0.58 which

means that at least 56 percent of the titanium data were represented by a

linear regression with a slope ranging between -0.26 to -0.30. The

regrepsion for beryllium data showbd a slope of -0.003 for up to 69 percent

of the data. Between 57 percent and 77 percent of the data, based on

R-Squared values, for D SI and AS fit regression lines with each having a

slope of -0.001. Parameters which showed increasing regressions were TOC,
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NH13P Organic N, BOD, COD, and NI (TRN 396.8); TOC, N, COND, and BOD (TRN

388); and Cl 2 (TRM 391.2). Organic nitrogen, TOC, and BOD values were

larger in 1982-1983 than in 1974-1978 but the increase could not

significantly be represented by a linear pattern, as shown by low R-Squared

values in table 4-7. However, the increase over time for these parameters

(figures 4-8, 4-9, and 4-11) was real and appeared better suited to some

bxstandard curvilinear model; i.e. exponential, y = ae

4.3 Summary & Conclusions

Few parameters changed significantly during the sampling period,

which would indicate that the study area is relatively stable. Differences

which were observed were generally between the data collected during the

1974-1979 sampling period and data collected during the 1982-1983 study. Of

particular interest was the increase in BOD, TOC and Organic Nitrogen in

1982-1983. It also should be noted that the DO occasionally dropped below

5.0 mg/1 during the summer months. Other changes in the data during the

sampling period were either not statiptically significant or were one time

occurrences. The comparison to the water quality criteria showed that

copper and lead concentrations frequently exceeded the average criteria, and

lead also exceeded the maximum criteria at all mid-channel sampling stations.
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391.2 channel

388.0

8 c"

1.9 - 391.1 left overbank
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0 Indicates Station Location

:ivlare( 4-] Water Quality Sampling Locations in the Vicinity of Bellefonte Nuclear Plant for the
Preoperational Monitoring Program (1974-1983), Guntersville Reservoir.
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Figure 4-2. Mean Monthly Temperatures at Mainstream Channel (A) and Overbank (B) Stations
in the vicinity of Bellefonte Nuclear Plant, Guntersville Reservoir, 1973-1983.
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Figure 4-13. Mean Monthly Concentrations of N02 + N03-N at Mainstream channel (A) and Overbank (B)
Stations in the Vicinity of Bellefonte Nuclear Plant, Guntersville Reservoir, 1973-1983.



5.0 PLANKTON

This chapter evaluates both phytoplankton and zooplankton

components of the plankton community in the vicinity of BLN. An

evaluation of ichthyoplankton (larval fish and eggs) is included in

Chapter 9.0.

5.1 Materials and Methods

5.1.1 Phytoplankton

Field--Preoperational phytoplankton studies were conducted 1974

through 1979, 1982, and 1983. Samples were collected monthly, February

through October, except in 1978 when February samples were not

collected. In March 1978, phytoplankton monitoring was expanded beyond

the main river channel to include the descending left overbank habitat

because it was felt that this area could be exposed to the thermal/

chemical plume from BLN under low-flow and reverse-flow conditions.

Mainstream (channel) stations were located at TR~s 388.0, 391.2, and

396.8 (figure 5-1). Left overbank stations were located on the

shoreward side of the narrow strip islanus which separate channel and

overbank habitats at TRNs 386.4, 388.4, and 391.1. Sampling was

suspended in 1979 at TRNs 388.0 and 391.2, but reinstated in February

1982.

Phytoplankton measurements included in the preoperational study

were organism abundance, phytopigment concentrations (chlorophyll) or

biomass, and primary productivity (carbon-14). An 8-L nonmetallic Van

Dorn water sampler was used to collect sun9 icient water for all three
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phytoplankton parameters--GO0 ml for each enumeration sample; 500 ml for

each phytopigment sample; and 125 ml for each primary productivity

samp16. Two replicate samples for each phytoplankton parameter Wete

collected from 0.3, 1.0, 3.0, and 5.0 m at mainstream channel stations

and 0.3 and 1.0 m at left overbank stations.

Samples for determination of organism abundance (enumeration)

were preserved immediately after collection with 2 ml of 37 percent

formalin from 1974 through 1978 and N3 (Meyer 1971) during 1982 and

1983., Phytopiginent samples were processed in the field by filtering

500 ml of river water through cellulose ester filter pads in 1974 and

through glass fiber filter pads after 1974. From 1974-1977, each filter

was fblded, enclosed by an absorbant pad, and placed within a light-

excluding field dessicator which was kept chilled in a chest of ice.

During 1978 filters were stored within the field dessicator on dry ice.

DurinA 1982 and 1983. 1 ml of magnesium carbonate suspension was added

as thp sample was filtered and each filter pad was placed in 5.0 ml of

90 percent buffered acetone. Samples were immediately placed on dry ice

in a light-excluding container and stored frozen until laboratory

analysis.

Primary productivity samples were spiked with 1 ml of approxi-

mately 2pCi sodium bicarbonate radioisotope (C-14) in pyrex (125 ml)

bottles, attached to metered nylon lines,.and suspended from a common

incubation site (TRM 386.0) at their respective collection depths. A

dark bottle (light excluding) was attached to compensate for

nonphotosynthetic assimilation of the labeled sodium bicarbonate.

Following an approximately three-hour incubation period, 125 ml of the
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sample was filtered through a 0.45 pm membrane filter and rinsed with

0.1N HC1 and water. Through 1982 filters were glued to stainless steel

planchets, and during 1983 filters were placed in scintillation Vials

and returned to the laboratory.

In support of the primary productivity studies, daily solar

radiation energy was measured from sunrise to sunset on each sampling

date at the BLN meteorological station. Beginning in 1975, light

penetration into the water column was measured at each station for

depths corresponding to sample collections. On April 13, 1983, primary

productivity samples were lost from the incubation site. These samples

were recollected on April 25, 1983.

Selected water quality samples also were measured from each

phytoplankton station to provide supportive information for interpreting

results. These data are described in Chapter 4.0 as Biological Support

parameters.

Laboratory--Each abundance sample was agitated, a 15 ml aliquot

removed, placed in a counting chamber, and allowed to settle for a

minimum of 12 hours. Algal cells were enumerated at the genus level

using an inverted microscope (320X). ReLerences and publications used

in identification varied for individual algal groups. Sometimes several

references were utilized to identify genera within an algal group, but

usually a single reference comprised the major taxonomic authority.

Major (x) and infrequently used (,) references were as follows.
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Algal GrouP
Reference

Cocke (1967)

Desikachary (1959)

Drouet (1973)

Drouet & Daily (1973)

Algal-Group
Chlo Chry Cyano Crypto Eugleno Pyrro

I

Forest (1954)

Huste!t (1930)

Patrick & Reimer (1966)

Prescott (1964)

Tiffany & Britton (1971)

Whitford & Schumacher (1969)

/ /

I

I

x I

x X x x

I V V V

V

From 1974 through 1978, chlorophyll was extracted by steeping

the algae-laden filters in 90 percent acetone for 24 hours in the dark at

40C. When glass fiber filters were used (after 1974), samples were

filtered again immediately preceeding spectrophotometric analysis. When

usingicellulose eater filters (1974), samples were centrifuged before

analysis. During 1982 and 1983, samples were allowed to reach room

temperature, ground with a glass rod, and subjected to ultrasonic

vibrations to rupture algal cell walls and enhance the extraction

process. Samples then were clarified by centrifugation and analyzed

spectrophotometrically. In 1974, optical densities at 750, 663, 645, and

630 am were determined and substituted into the UNESCO (1966) equations

to calculate chlorophyll a, b, and c concentrations. Beginning in 1975

the Jeffrey-Humphrey (1975) equations were used to determine chlorophyll
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concentrations. The new equations required that optical densities be

determined at 750, 664, 647, and 630 nm. Beginning in 1978 each sample

was acidified with two drops of O.1N HC1 after determining initial

optical density values, allowed to steep for one minute, and then reread

at 750 and 664 nm. These values were used to correct chlorophyll a

concentrations for phaeophytin, determine phaeophytin concentrations

(Lorezen, 1967), and calculate phaeophytin index values (ratio of

chlorophyll a to phaeophytin a) according to Weber (1973).

C-14 activity (primary productivity samples) was determined from

1974 through 1978 and 1982 by using a thin window, low-background,

gas-flow proportional counter with a counting efficiency of approximately

10 percent. In 1983 activity was determined by using liquid

scintillation counting techniques, which produced a higher counting

efficiency (approximately 50 percent). Using the conversions of

Saunders, et al. (1962), total inorganic carbon available at each station

was determined by using pH, temperature, and alkalinity values. Mean,

Carbon-14 activity incorporated into algal cells from light bottles minus

that absorbed by materials from dark bottles resulted in estimates of net

photosynthetic activity.

Date Analyses--Data analyses addressed four related areas of

assessment used to evaluate the phytoplankton community. Specific

analytical approaches are summarized below for each type assessment.
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1. Comnunity Structure

Analysis of numerically important genera (>10 percent total
abundance)

Sorenson's Quotient of Similarity (SQS)
Pielou's Percentage Similarity (PS)
Diversity'(d)
Percentage composition by station
Percentage composition by habitat (stations averaged), presented

as figures
Listing of dominant genera
Five-way Analysis of Variance (ANOVA) of percentage composition

data for the mainstream channel habitat (main effects = group,
station, depth, month, and year)

2. Abundance

Four-way ANOVA for channel stations (station, depth, month, year)
Four-way ANOVA for overbank stations (station, depth, month, year)
-Four-way ANOVA for channel and overbank (habitat, depth, month,

year)
Regression analysis of abundance over time (total phytoplankton

and each of the three dominant groups). Also presented as
figures.

3. Biomass Estimates (Chlorophyll)

Presentation of phytopigment concentrations (chlorophyll a, b, and
0)

Graphical presentation of chlorophyll a by station, month, and
year

Chlorophyll a/Phaeophyton a relationship

4. Primary Productivity

Graphical presentation of productivity (mg C/m2 /day) by station
month, and year

Graphical presentation of productivity (mg C/m2 /day) plotted
over time.

In addition to the above, solar radiation for each day of sample

collection and light penetration into the water column at each station

was provided to supplement understanding of community observations.

Similarity of algal communities between stations was determined

using a two-step approach. Sorenson's Quotient of Similarity, SQS (McCain

1975), was calculated to determine similarity based solely on presence/

absence of genera (qualitative dimension of community structure). A
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percentage similarity (PS) index (Pielou 1975) was calculated to

determine similarities based on both qualitative and quantitative

dimensions of community structure. In both cases, values of 70 percent

or greater were assumed to indicate similarity.

SQS was calculated as follows.

SQS = 2S/(x+y) * 100

Where, x = number of toza at station x;
y = number of taxa at station y;
s = number of taxa in common between stations

x and y

PS index was calculated as follows.

PS = 200 i=, min (Pix, Ply)

Where, Pix and Piy are the quantities of genus i at
stations x and y as proportions of the quantities of
all s genera at the two stations combined.

Phytoplankton community structure also was analyzed using a

diversity index applying the following formula (Patten 1962).

d = - (ni/n) log2 (ni/n)

Where, s = number of genera;
ni = number of individuals belonging to the ill

genus;
n = total number or organisms

Diversity index was used only as a reference to evaluate change.

Pie graphs were developed for each month sampled and combined

into a figure for each year to illustrate change in channel and overbank

community structure (succession) for the three major phytoplankton groups

(Chrysophyta, Cyanophyta, and Chlorophyta) and for Euglenophyta,

Pyrrophyta, and Cryptophyta combined as an unlabeled percentage. An

average of the three channel and three over.ank stations was used to

construct these figures for each respective habitat type.
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Percentage composition data, transformed using the Arcsine

Square Root transformation (reported in radians), were used in a five-way

ANOVA'to evaluate differences in conmunity structure (phytoplankton

group) among channel stations, years, months, and depths. The data base

for phytoplankton abundance was log transformed (base 10) and utilized to

charadterize abundance with regard to station, year, month, depth, and

habitit (i.e., channel vs. overbank), Since it was not known how

phytoplankton abundance would vary with regard to habitat, station, year,

month, and depth (or any combination of these parameters), data were

organized in four-way ANOVA layouts for a fixed effect cross-over

design. Three layouts were planned, i.e., (1) channel stations only,!(2)

overbank stations only, and (3) combined channel versus combined overbank

stations.

Unfortunately, each data set evaluated by the multi-way ANOVA

layouts for both community structure (five-way) and abundance (four-way)

was incomplete or statistically unbalanced. Specifically, information

with regard to month, year, station, and depth was totally lacking, at

worst, or only single observations were missing. Analysis of linear

models that are unbalanced are very complex and little understood.

Therefore, computer software programs usually do not handle unbalanced

data sets at all beyond a two-way layout. Fortunately, the BLN data sets

could~be balanced in some fashion. Specifically for channel analyses,

the dfta set was balanced over six of the seven years (excluding 1978 -

FebruAry missing), for all three stations, for all four depths, for all

nine months, and using single replication for each treatment combination

(where two replicates were available, the first was selected for the

analysis). For the overbank analysis, the data set was balanced over
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three of the four years (excluding 1978) for all three river miles, for

both depths, for eight months (excluding February), and using two

replications for each treatment combination.

Variance ratios were calculated as follows for the four-way and

five-way ANOVAs which had only one replicate for treatment combinations

(channel habitat). The residual term used to determine variance ratios

for the main effects and primary interactions consisted of the mean

square of the combined (summed) four-way and three-way (or five- and

four-way) terms. The residual mean square used to determine F-statistics

for the secondary interactions consisted of the mean square of the

four-way (or five-way) term. Significance of the tests was determined by

probabilities exceeding the F-statistic at the 0.005 level to lessen

chances of making a type I error. The Least Significance Difference

(LSD) Test at the 99 percent significance level was used to locate

differences between means for each significant F-test.

Regression analysis (Snedecor and Cochran 1967) was run on data

from each station to evaluate the relationships of phytoplankton

abundance (total and major groups) and primary productivity with time.

These data also were plotted for the tot.l sampling period to enhance

interpretation of regression results and to visualize short-term (yearly)

periodicity.

Chlorophyll a and phaeophytin a relationships, including

phaeophytin index values, were calculated according to Weber (1973).

Index values should vary between 1.0 (indicating no chlorophyll a) and

1.7 (indicating no pheophytin a); however, values less than 1.0 and

greater than 1.7 occasionally occur and sliuld be interpreted

cautiously.
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Total carbon assimilated by algal cells were expressed as

milligrams carbon per cubic meter per hour (mg C/ma/hour). These

values, averaged for depth intervals, multiplied by the respective depth

interval, summed, and proportioned to daily solar radiation energy were

used to represent total daily productivity that occurred In a water

columh with a surface area of 1 m2 and to the lowest depth of

incubation, which was 5 m at the channel stations and 1 m at the overbank

stations (mg C/M2 /day).

5.1.2 Zooplankton

Field--Two-replicate zooplankton samples were collected monthly,

February through October, at channel stations located at TIRl 388.0

(station 1 downstream from BLN), TRW 391.2 (station 2 at BLN site) and

TR)l 396.8 (station 3 upstream from BLN) during the period 1974- 1977

(figure S-1). Beginning in March 1978 (no February samples were

colleFted) two-replicate samples were collected at the channel stations

and also at three left overbank stations. These were TRMl 386.4 (sta-

tion 4) located behind a strip island on the left side of the reservoir

in an'area increasingly affected by American Lotus (Nelumbo sp.),

TEll 388.4 (station 5) behind a strip island barrier and in the mouth of

Jones:Creek, and TRK 391.1 (station 6) directly across from BLN and also

behind a land barrier (figure 5-1). Two replicates per month were col-

lected at only one channel station (station 3, TR! 396.8) and at the

three overbank stations from February through October of 1979. No zoo-

plankton samples were collected in 1980 and 1981; however, monthly

sampling (February-October) at all six stations was reinstated in 1982

and continued through 1983.
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Zooplankton samples were collected by a 50 cm-diameter net

(80 pim mesh) equipped with a digital flowmeter suspended in the throat

and with an opening device. The net was lowered to the bottom in 6

closed position, opened, and pulled to the surfacK ous and Wad

1977). Samples were preserved with formalin immediately after collection.

Laboratory--Samples were diluted or concentrated, depending upon

the abundance of detritus and organisms. Four l-ml subsamples were

removed from the magnetically stirred sample using a 1-ml Hensen-Stempel

pipette, and each subsample was placed in a Sedgwick Rafter cell.

Organisms were enumerated at the lowest practical taxonomic leVel,

usually species, on a compound micrbscope at 35X or 50X. After subsample

enumeration, the remainder of the sample was scanned under a dissecting

microscope for additional taxa not encountered in subsampling. Resultant

counts were extrapolated to numbers per cubic meter.

A variety of references and publications was used in making

zooplankton identifications. Major (x) and infrequently used (€)

references were as follows:

Znoplankton Group
Reference Rotifera Cladocera Copepoda

Ahlstrom (1940) x
AhIstrom (1943) x
Borutskii (1964) V
Brooks (1957) x
Brooks (1959) x
Deevey and Deevey (1971) V
Donner (1956) V
Edionson (i959) x
Goulden (1968) x
Harring and Myers (1926) x
Pennak (1978) V I V
Ruttner-Kolisko (1.974) x
Wilson and Yeatman (1959) x
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Data Analyses--Sampling and processing variability of total

community and group densities was estimated by calculating the coeffi-

cientof variation for each set of duplicate samples. Coefficients less

than 40 percent were considered indicative of adequate sample replica-

bility. Coefficients of variation greater than 40 percent indicated

larger than desirable variability among replicate samples.

Total and group abundance data were transformed (log1 0 ) and

tested for statistical differences among stations for each sample date

and for each sample year using a one-way Analysis of Variance (ANOVA).

The Student, Newman, Keuls Kultiple Range Test (SNK) was applied to data

sets which were significantly different as shown by the ANOVA. All tests

were 6valuated at the 0.05 level of probability.

Rotifera and adult members of the Copepoda and Cladocera were

used to determine the number of taxa in each sample. Zooplankton com-

munity structure was analyzed using the diversity index (immature forms

excluded), SQS, and PS with analyses based primarily on species.

5.2 Results and Discussion

5.2.1 Phytoplankton

Phytoplankton dynamics respond rapidly to changing

environmental conditions and are capable of demonstrating impressive

variations in abundance and/or physiological state within a very short

period of time, i.e., a week or even days (Wade 1984). Therefore,

discupsion of observations made on any particular monthly survey has only

limited value in describing baseline conditions, because those

observations may not be truly representative of even that month.

Phytoplankton data, therefore, are best discussed with regard to yearly
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patterns (approximately nine months/year), repeated from year to year1 or

otherwise stated, with regard to short-term (yearly) and long-term (the

entire 1974-1983 study period) periodicity. That is not to say that

monthly observations are unimportant because information regarding

community cause/response mechanisms can be gained by evaluating

phytoplankton and conditions measured just prior to each sampling period

(presented in Chapters 2.0 and 4.0).

Presentation and discussion of phytoplankton results will

follow analytical approaches summarized in the Materials and Methods

section, i.e., community structure, abundance, biomass, and

productivity. Although discussion will follow short and long-term

periodicity, data are presented in tables and figures to allow

examination of individual sample dates which can be compared with the

presentation of physical factors and water quality parameters in Chapters

2.0 and 4.0, respectively.

Community Structure--During preoperational monitoring, 137

phytoplankton genera were identified from the channel and overbank

habitats in the vicinity of BLN (table 5-1). Taxonomic distribution of

these genera were as follows.

Group No. Genera

Chlorophyta 66
Chrysophyta 35
Cryptophyta 3
Cyanophyta 25
Euglenophyta 4
Pyrrophyta 4

Several genera were unique to channel (13 genera) or overbank (8 genera)

habitats:
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Group Channel Overbank

Chlorophyta Cladophora Hyalotheca
Hicrospora Lobomonas
Palmellococcus MJephrocytiun
Stigeoclonium Netrium
Tetraspora
Ulothrix

Chrysophyta Caloneis amphiprora
Tabellari a

Cyanophyta Arthrospira Calothrix
Phormidium Coccochloris
Plectonema Coelosphaerium
Rhabdoderma
Spirulina

Twenty-two of the 137 genera accounted for 90 percent of total

phytoplankton abundance during one or more collection periods. These

genera, therefore, comprised the numerically important or dominant

segment of the phytoplankton community:

Chlorophyta

Ankistrodesmus (overbank only) Dactylococcus
Carteria (overbank only) Eudorina (overbank only)
Chlamydomonas Nicractinium
Chlorella Pandorina (overbank only)
Chlorococcum Scenedesmus

Chrysophyta

Asterionella Nelosira
Chaetoceros Stephanodiscus
Cyclotella (overbank only) Synedra

Cyanophyta

Anabaenopsis (overbank only) Dactylococcopsis
Anacystis Nerismopedia
Chroococcus Oscillatoria

Abundance of each genus by location and collection period is provided in

appendix D.
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Comparison of the three channel stations showed a high degree of

similarity from 1974-1982 based upon genera presence/absence (SQS) (84

percent of all possible channel comparisons were similar, table 5-2).

However, less than one half (48 percent) of possible comparisons were

similar in 1983. Community similarity of channel stations was lower than

SQS comparisons when based upon both genera presence/absence and

abundance (PS), with 52 percent of the possible combinations similar,

1974-1983. Similarity of channel stations based upon PS showed a

declining trend over the study period with 70 percent of all possible

comparisons similar in 1974 and 33 percent similar in 1983. These data

are summarized by year as follows.

Channel

SQS PS
No. Comparisons No. Comparisons

Year Similar/Possible _. Similar/Possible 7.

1974 24/27 89 19/27 70
1975 22/27 81 16/27 59
1976 22/27 81 16/27 59
1977 22/27 81 16/27 59
1978 21/24 88 9/24 38
1982 23/27 85 12/27 44
1983 13/27 48 9/27 33

Overall 147/186 7S 97/186 52

Lowest degree of similarity (PS) normally occurred in late summer (August

through October).

Over one half (66 percent) of all possible comparisons of

overbank stations based upon SQS were similar (table 5-2). Number of

similar comparisons in 1982 (56 percent) was less than calculated for the

mainstream channel habitat (85 percent) for the same year. Similarity

among overbank stations was expected to bQ less than similarity among!

channel stations because overbank stations are flow isolated and subject

126



to developing their own unique communities. Flow isolation was also a

factor in PS comparisons of overbank stations where only 26 percent of

all possible comparisons were similar. These data are summarized beloV.

Overbank

Year

1978
1979
1982
1983

Overall

SQS
No. Comparisons
Similar/Possible _.

20/24 83
20/27 74
15/27 56
14/27 52

69/105 66

PS
No. Comparisons
Similar/Possible

5/24 21
6/27 22
9/27 33
7/27 26

27/105 26

Like channel stations, lowest similarity (PS) normally occurred in late

summer.

A large number of comparisons was possible between channel and

overbank stations (table 5-2). Channel and overbank comparisons were

similar 58 percent of the time based upon SQS and only 20 percent of the

time based upon PS. PS comparisons between channel (TRH 396.8) and

overbank stations were especially low in 1979 when every comparison was

less than 70 percent. These data are summarized as follows.

Channel vs.. Overbank

Year

1978
1979
1982
1983

Overall

SQS
No. Comparisons
Similar/Possible _.

52/72 72
13/27 48
54/81 67
32/81 40

151/261 58

PS
No. Comparisons.
Similar/Possible 7.

8/72 11
0/27 0

21/81 26
23/81 28

52/261 20
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Similarity between channel and overbank stations would be expected to

occur sporadically and usually when reservoir operations were of a nature

to mix flow between the two habitats. On some occasions it appoeaed

(based upon PS data) that the overbank station at TRM 386.4 was more

isolated from channel waters than overbank TRMs 388.4 and 391.1 (see

table 5-2, 1982, June, August, and October). On other occasions overbank

station TRM 391.1 appeared more isolated from channel waters than TRMs

388.4 and 386.4 (1978, March, September, and October).

Diversity index values for mainstream channel phytoplankton

(depths combined) rdnged from 0.60 in April 1976 to 4.00 in September

1975 and March 1979 (table 5-3). Range of overbank diversity was from

1.32 in October 1982 to 4.62 in August 1983 (overbank samples were n9 t

collected 1974-1977). Lowest diversity occurred early or late in the

year while greatest diversity normally occurred during the summer.

Diversity was especially low during 1976 and 1977. Overbank diversity

values were as high or usually higher than those in the channel.

Greatest number of genera occurred for channel (62) and overbank (71)

during 1978. These data are summarized as follows.

Channel Overbank

Range Range
No. No.

Year Genera Diversity (months) Genera Diversity (months)

1974 13-34 2.44-3.80 (May/Apr) - - -
1975 17-44 2.03-4.00 (Feb/Sep) - - -
1976 19-50 0.60-3.83 (Apr/Sep) ..
1977 16-59 0.70-3.55 (Mar/Sep) - - -
1978 18-62 2.14-3.84 (Jul/Jul) 14-71 2.14-4.39 (May/Aug)
1979 22-44 2.26-4.00 (Feb/Mar) 10-55 1.83-4.46 (Feb/Sep)
1982 16-55 1.31-3.81 (Oct/Apr) 12-67 1.32-3.81 (Oct/kar)
1983 10-30 1.16-3.07 (Apr/May) 9-55 1.33-4.62 (Oct/Aug)
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Phytoplankton community structure and monthly succession of the

three dominant phytoplankton groups (Chrysophyta. Chlorophyta, and

Cyanophyta) are illustrated for channel stations in figures 5-2 through

5-9 for sampling years 1974 through 1983. These percentage composition

data represent average abundance of all three channel stations. These

data are further defined by sampling location in table 5-4. Data were

fairly consistent for all stations through 1979. In i982 and especially

1983, sporadic occurrence of Cyanophyta at one or two (but not all)

stations introduced a greater degree of variability within the data shown

in figures 5-8 and 5-9 than was found in previous years.

In 1974 Chrysophyta dominated the mainstream channel

phytoplankton assemblage every month except August and September, when

Chrysophyta and Chlorophyta became co-dominants (figure 5-2). Nelosira

was the dominant genus every month, accounting for 21-53 percent of the

total phytoplankton abundance (table 5-5). Cyanophyta comprised only

4-20 percent of the assemblage. Beginning in 1975 and continuing through

1978, Chrysophyta was again dominant early in the year (February-Nay).

But in June, Cyanophyta became the dominant phytoplankton group,

prevailing for the remainder of each sampling year. Cyanophyta comprised

especially large segments of the total assemblage in 1975 (77 percent,

August); 1976 (81 percent, August); 1977 (83 percent, July; 76 percent,

September; and 73 percent, October); and 1978 (77 percent, August).

Dominant Cyanophyta genera were Anacystis and Merismopedia which

comprised up to 69 percent of the total assemblage (i.e., September 1978,

TRP 391.1) (table 5-5). Beginning in 1979 and continuing through 1983,

Cyanophyta dominance became more sporadic during each year (figures 5-7

through 5-9).
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In 1979 Cyanophyta was dominant in February (52 percent) and

September (51 percent) (Anacystis). Chlorophyta and/or ChrysophytA were

dominant the remaining months. By 1983, Chrysophyta had again become the

dominant phytoplankton group, except for March when Cyanophyta

(Oscillatoria) was dominant (50 percent). Also, by 1983 Oscillatoria had

become the most important Cyanophyta genus, although its occurrence

(dominance) was variable throughout the study reach. Years 1982 and 1983

were different from other years in that Cyanophyta was not represented in

the phytoplankton assemblage during October. Chlorophyta comprised over

50 percent of phytoplankton abundance during June and July 1979.

Patterns of algal succession on the left overbank (figures 5-10

through 5-13) were similar to the mainstream channel, except (1)

Cyanophyta dominance began one month earlier on the overbank (June) than

in the channel (July) in 1978; (2) the large percentage of Cyanophyto

(Anacystis) in the channel during February 1979 did not occur on the:

overbank; and (3) Cyanophyta dominance was greater on the overbank during

July-October 1979; June, August, and October 1982; and August 1983. Both

habitats were totally lacking in Cyanophyta during October 1983.

The greatest amount of phytopla..Lton data is from the four

depths and three stations in the mainstream channel. The five-way ANOVA

summarizing phytoplankton groups, stations, depths, months, and years

(table 5-6) identified highly significant (a = 0.005) main effects and

interactions involving percentage composition of phytoplankton groups.

All years, months, stations, and depths considered, Chrysophyta comprised

significantly greater proportions of the assemblage (mean = 52.7 percent)

than Chlorophyta and Cyanophyta which wer, alike (table 5-7, comparison

I). However, station and group showed significant interaction (table



5-6) such that, when analyzed separately by station, differences were

observed for subdominant groups (table 5-7, comparison I1). Chlorophyta

and Cyanophyta comprised similar segments of the assemblage at TRH 396.8

(upstream of BLN) but were significantly different at TRH 391.2

(Chlorophyta greater than Cyanophyta) and TRE 388.0 (Cyanophyta greater

than Chlorophyta) downstream of BLN. This indicates an overall

downstream increase in relative abundance of Cyanophyta.

Further analysis of significant interactions (comparison IIm)

indicated Chlorophyta domprised a greater amount of the phytoplankton

assemblage in 1974 (29.8 percent) than in other years. Similarly,

greater relative amounts of Chrysophyta (66.8 percent) occurred in 1983,

Cyanophyta (32.0 percent) in 1977, and Euglenophyta in 1974 (2.0 percent)

and 1975 (1.1 percent). Months with greatest group abundance (comparison

IV) were June, July, and September for Chlorophyta; February through

April for Chrysophyta; and July and August for Cyanophyta. Comparisons

(V-IX of table 5-7) illustrating ranked means for various other

interactions are provided to further refine analysis of group percentage

composition data; but are not discussed individually because of the level

of detail they present. It is worth noting that analysis of groups by

year and depth (comparison VIII) indicated that percentage composition

was usually alike at all depths. Two well defined exceptions in 1983

occurred when significantly smaller proportions of Chrysophyta occurred

at the 0.3 m depth which also contained relatively more Cyanophyta than

other depths. Proportionally more Cyanophyta also occurred at 0.3 meters

than at 5.0 meters in 1982.

Abundance--Total phytoplankton abundance in the mainstream

channel exhibited significant differences (table 5-8) for all main



effects (station, year, month, and depth). Significant interactions also

occurred between station and month, year and month, and station, year and

month. TRW 388.0 (farthest downstream of BLN) contained significantly

(a = 0.001) more phytoplankton cells (376 x los cells/L) than either

TRM 391.2 (immediately downstream of BLN) and TRM 396.8 (upstream) which

were similar (330 x 103 and 305 x 103 cells/L, respectively) (table

5-9). Total abundance was greater in 1976 (781 x 103 cells/L) and 1977

(770 x 103 cells/L) than other years (1978 not included in the four-way

ANOVA). Abundance in 1983 (94 x 103 cells/L) was significantly lower

than any other year. Combining all years, July had more phytoplankton

(351 x 103 cells/L) than other months; October had fewer cells (101 x

103 cells/L) than other months. Significantly more phytoplankton were

collected at the 0.3 and 1.0 m depths than at 3.0 and 5.0 meters (table

5-8, comparison IV).

Significant interaction between station and month (comparison V)

identified more phytoplankton during June and July at TRW 388.0, July at

TRW 391.2, and July and February at TRW 396.8. Abundance in February was

high in 1976 and 1977 (comparison VII) at all three channel stations

(79-90 percent Chrysophyta).

A similar analysis for overbank stations (1979-1983) also

demonstrated highly significant differences for main effects (table

5-10). TRW 386.4 had more phytoplankton (663 x 103 cells/L) than TRM

388.4 (601 x 103 cells/L), which was in turn greater than TRW 391.1

(383 x 103 cells/L) (table 5-11, comparison I). Differences were also

found among years, ranging from 862 x 109 cells/L in 1982 to 285 x

103 tells/L in 1983. More phytoplankton ceils occurred on the left

overbank in August (2,480 x 10 3 /L) than any other month (February



excluded from the analysis). Cell numbers were lower in October (128 x

10 3 /L) than other months. Significantly more phytoplankton also

occurred at the 0.3 m depth than at 1.0 m.

Interaction between stations and years (table 5-11, comparison

V) indicated abundance at TRM 388.4 was not significantly different

during 1979 and 1982. Plankton abundance was greatest at TRM 386.4 in

1982 and at TRM 391.1 in 1979. Abundance was lowest at all stations

during'1983. Also more phytoplankton were collected at the 0.3 m depth

than at 1.0 m.

August had significantly more phytoplankton (comparison VI) than

other months at TRK's 386.4 and 391.1. Abundance in June, July, and

August were similar at TRM 388.4 and higher than other months. Abundance

data,, stratified by year and month (comparison VII) indicated more

phytoplankton in June and July during 1979, July and August during 1982,

and August during 1983 than other months. Greatest phytoplankton

abundance in overbank habitat was 56,676.x 103 cells/L at TRM 386.4 in

August 1982 (comparison VIII).

Channel and overbank phytoplankton abundance was compared by

habitat (combining stations) for 1982 and 1983 only because of unbalance

in 1978 and 1979 data sets (refer to Data Analysis section of Materials

and Mqthods). All main effects (habitat, year, month, and depth) showed

significant differences (table 5-12). Interaction also occurred between

habitat and year, habitat and month, year and month, and habitat, year,

and month.

Abundance on the left overbank was significantly greater than in

the channel (table 5-13). Other significant differences (combined

habitats) included greater abundance in 1982 compared with 1983, more
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phytoplankton at 0.3 m than at 1.0 m, and greater abundance during June,

July, and August than other months.

Abundance of phytoplankton by group is shown in figures 5-14

through 5-21 for each year of sampling, including 1978 which was omitted

from the ANOVA procedures. Compared to other years, 1978 (figure 5-18)

was very productive in terms of overbank phytoplankton abundance.

Cyanophyta dominated the 1978 phytoplankton assemblage from June through

September, with a maximum of 27 x 106 Cyanophyte cells/L recorded in

September at TRM 391.1. Very high abundance of Cyanophyta also occurred

in 1982 (figure 5-20) at TRM 386.4 in June (15 x 106 cells/L) and

August (47 x 106 cells/L).

Naximum yearly abundance occurred mid-year in 1974 and 1975

(figures 5-14, 5-15), early in the year in 1976 (figure 5-16), early and

again in mid-year in 1977 (figure 5-17), and mid-year from 1978-1983

(figures 5-18 through 5-21). Large abundances early in some years

resulted from Chrysophyta production, while mid-year abundance resulted

from large numbers of Cyanophyta, except in 1974 when Chrysophyta and

Chlorophyta were dominant. Abundance was very low during 1983, except

for June and August (figure 5-21).

Temporal trends for total phytoplankton (figures 5-22 and 5-23),

Chrysophyta (figures 5-24 and 5-25), Cyanophyta (figures 5-26 and 5-27),

and Chlorophyta (figures 5-28 and 5-29) indicated both long-term and

short-term periodicity. Abundance in the mainstream channel during the

approximate 10-year monitoring period indicated a cyclic pattern:

beginning low in 1974, increasing through 1977, and declining during 1982

and 1983 to abundance levels at or below thýse measured in 1974. Most of

these data did not fit the regression model, y = a + bx, indicating no
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linear increase or decrease over time (table 5-14). Only Cyanophyta

(which accounted for much of the 1975-1977 abundance increase and then

declined to zero levels of abundance in late 1982 and several mOinthd in

1983) showed a significant decrease in abundance over the study period.

This decline was significant at TRM's 396.8 and 391.2, but not at TRN

388.0.

Overbank abundance also declined from 1978 through 1983. Since

the overbank was not sampled during early years of the study which

represented increasing (channel) abundance, overbank trends adhered

better to the regression model. The only overbank station which did not

demonstrate a significant decrease over time was TRN 384.6 (table 5-14).

A large degree of short-term (yearly) periodicity in 1982 and 1983 at

this station (figures 5-23, 5-25, 5-27, and 5-29) prevented the

decrease.

Short-term periodicity usually coincided with annual temperature

curves (Chapter 2.0), with low abundance in February, Increasing

abundance during warmest months, and declining abundance in October.

Exceptions occurred in 1976 and 1977 when February abundance was highest

(>80 percent Chrysophyta). These two years did not have the high January

and February reservoir flows demonstrated for other years (figures 2-2

through 2-9). Therefore short-term periodicity appeared related to

temperature and flow.

Chlorophyll Biomass--Because of changes in field and laboratory

techniques, chlorophyll data were not comparable over time. Within years

these data were variable in regard to monthly biomass production (table

5-15). Minimum and maximum mean values for channel and overbank habitats

are summarized below for the three major phytopigments.



Year

1974
1975
1976
1977t
1978t
1982
1983

Year

1982
1983

Chl a (Months)

1.07- 3.52 (Apr/Jun)
0.09- 2.42 (Oct/Feb)
1.15- 6.10 (Mar/Feb)
6.83-13.64 (Mar/Feb)
4.47- 5.74 (Oct/Jul)
0.99- 3.39 (Oct/May)
1.04- 2.43 (Aug/Sep)

Chl a (Months)

2.91- 8.12 (Feb/May)
1.89-12.46 (Oct/Jun)

Channel

Chl b (Months)

0.00-1.37 (Apr/Jun)
0.05-2.63 (May/Jul)
0.00-2.66 ( * /Aug)
0.00-0.00 (Mar/Feb)
3.49-5.07 (Jul/Sep)
0.34-2.88 (Oct/Aug)
0.06-0.59 (Aug/Sep)

Overbank

Chl b (Months)

0.28-2.86 (Oct/Sep)
0.23-0.87 (Oct/Aug)

Chi c (Months)

0.04-4.89 (Apr/Jun)
1.05-6.23 (Feb/Jul)
0.37-6.89 (Mar/Feb)
0.11-2.88 (Mar/Feb)
3.86-6.50 (Jul/Oct)
0.48-4.34 (Oct/Aug)
0.12-1.12 (Aug/Sep)

Ch1 c (Months)

2.19-4.29 (Feb/Sep)
0.42-1.33 (Jul/Jun)

Chlorophyll a is the primary photosynthetic pigment for all phytoplank-

ton; chlorophyll b is associated only with Chlorophyta and Euglenophyta;

and chlorophyll c is found in Chrysophyta and Cryptophyta

(Chang and Rossman 1982). Pigment extraction has been shown to be more

difficult for Cyanophyta and Chlorophyta (Marker 1972) than other

phytoplankton groups. Throughout the BLN preoperational study, months

with maximum chlorophyll a, b, and c concentrations showed only

occasional agreement with maximum abundanra peaks for phytoplankton

groups during each year.

Maximum channel chlorophyll a during the study occurred the

first two months sampled in 1977 and the last four months of 1978 (figure

5-30). Relative concentration of chlorophyll a in figure 5-30 shows good

agreement with total phytoplankton abundance for each year (ref. table

5-9, comparison II).

*March, April, June

t1977: February and March only; 1978: July-October only

13 6



Chlorophyll a concentrations on the left overbank during 1982

and 1983 (figure 5-31) were much greater than corresponding channel

amounts. The large amount of within-month variability among overbank

stations (flow isolated) showed good agreement with abundance data

(compare figure 5-31 with figures 5-20 and 5-21). The maximum

single-sample chlorophyll a concentration measured during the study

(channel and overbank) was 23.40 mg/ms at TRM 391.1 in June 1983.

Maximum single-sample values recorded each year are summarized as

follows.

Channel Overbank
Year Chl a TRW Month Chl a TRP Month

(mg7/ma) (mg/ma)

1974 6.47 396.8 Aug - - -1975 3.92 391.2 Feb - - -
1976 11.53 388.0 Sep - - -
1977 16.22 388.0 Feb - - -
1978 10.21 396.8 Jul ....
1982 6.54 391.2 may 15.23 386.4 Jul
1983 3.58 388.0 Sep 23.40 391.1 Jun

While some of the above maximum concentrations were within the 10-30

mg/mi range indicating potentially eutrophic conditions (Vincent 1981),

mean concentrations (table 5-15) normally were much lower. Chlorophyll a

concentrations measured in the vicinity of BEL during 1982 were also

lower than concentrations measured during the same period in Wilson

Reservoir, although large weekly variations in Wilson Reservoir occurred

(Wade 1984). Maximum mean chlorophyll a concentration in Wilson

Reservoir was 81.24 mg/ms on April 17, 1982. Differences in habitat

and water retention time between the BLN site on Guntersville Reservoir

1I7



and Wilson Reservoir (forebay area) likely accounted for the lower

concentrations at BLN.

Relationship between chlorophyll a and phaeophytin a

(degradation product of chlorophyll a) is expressed as a phaeophytin

index (PI) value which indicates physiological state of the community.

PI values close to 1.7 indicate algal populations consisting of mostly

intact, nondecaying organisms (Weber 1973). Except for only an

occasional high PI value, relatively large amounts of phaeophytin a (PI

<1.60) were present at all stations and depths (channel and overbank) the

first eight months of 1982 (tables 5-16 and 5-17). By contrast, October

1982 and several months in 1983 (February, March, April, and August) had

at least 50 percent of their PI values equal to or greater than 1.60,

indicating healthy, viable phytoplankton populations. However, 100

percent of the PI values during June and September 1983 were low.

Primary Productivity--Productivity data were expressed as mg

C/ms/hour, and mg C/m 2 /hour, and mg C/m2 /day (table 5-18). The

most meaningful expression of these data in regard to productivity of

Guntersville Reservoir in the vicinity of BLN Is in terms of the amount

of carbon Incorporated into the phytopla.,kton under a square meter (five

meters deep) for an entire day. This expression not only considers

amounts of light available during sample incubation and for the day, but

also Integrates depths within the euphotic zone, defined as the depth to

which 1 percent of surface light penetrates (Jasper, et al. 1983).

Daily productivity depends largely upon abundance and

physiological state of the phytoplankton during sampling. In turn,

abundance and physiological state depends 'Largely upon temperature,
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nutrients, rainfall, flow, and especially upon the quantity and quality

of light present on and several days before sampling. Because of the

complex interactions of these factors, explanation of variability In

productivity estimates among months and years (figures 5-32 and 5-33) is

uncerEain. However, periods of reduced and/or variable solar radiation

on and especially several days before sampling (figures 2-2 through 2-9)

appeat important in reducing phytoplankton productivity. Variability

within a sampling period was related to total abundance of algal cells.

Productivity ranged from 7-2,930 mg C/m 2 /day in the channel and 7-3,231

mg C/m2 /day on the left overbank for the period 1974-1982 (table

5-18). Maximum productivity from both habitats occurred in July 1982.

Significant questions regarding validity of 1983 results prevented

discussion of that year's productivity estimates. Because relative

amounts of solar radiation were similar during most surveys in 1982 and

1983 (figures 5-34 and 5-35), analytical-problems regarding liquid

scintillation counting are suspected.

Phytoplankton productivity demonstrated considerable short-term

periodicity (figure 5-36). Productivity usually was very low during

winter and autumn months and high during late spring and early summer.

Thereawere no apparent long-term changes from 1974 through 1978. An

overall increase may be indicated, based upon 1982 monthly (June-October)

produqtivity estimates which were much greater than corresponding monthly

estimates for the period 1974-1978. Overbank productivity was also very

high In 1982, especially at TIR 386.4 (figure 5-37).

Productivity in the channel was much greater at the 0.3 and

1.0 m'depths than at 3.0 and 5.0 m depths (table 5-18). Overbank



productivity was occasionally higher at the 1.0 m (bottom) depth than

near the surface (i.e., Hay 1982). Depth differences in productivity are

best evaluated by comparing light penetration data shown in tables 5-19

and 5-20 for channel and overbank stations, respectively.

5.2.2 Zooplankton

In Guntersville Reservoir, zooplankton are represented predomi-

nantly by two phyla: Rotifers (Rotatoria) and Arthropods (Cladocera and

Copepoda). These organisms are subject to reservoir currents, hence are

not randomly distributed in the system but discontinuous (i.e., patchy)

in their occurrence. This patchiness is further compounded by vertical

migrations in response to diel changes in light intensity. Density and

distribution of zooplankton in the vicinity of BLN are affected by water

movement, season, localized habitat conditions, and the Incidence of

spates. These and other more subtle factors acting in concert produce an

assemblage which in the short term (< 1 year) is inherently variable both

temporally and spatially. However, when several years of data are

analyzed, either concurrently or year by year, trends in zooplankton

community structure become more apparent. This section addresses

temporal and spatial changes in the zooplankton-assemblage, based on

approximately 300 two-replicate samples, in Guntersville Reservoir near

BLN.

Results for Each Sample Year--Samples were collected from

February through October to represent the biologically active period for

each year. Because of the inherent instability among months, year became

the first level of comparison with significant meaning. Important yearly
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observations, therefore, are described first, before evaluating overall

trends representing the entire preoperational study period.

1974--During 1974 zooplankton collections were generally.domi-

nated by cladocerans at the three channel stations although rotifers were

frequently dominant during the first part of the year (table 5-21) (there

were 'no overbank stations prior to 1978). Abundances by month were

consistently low, less than 8.5 x 103/ms, at all stations except

during Nay when total abundance ranged between 63.1 x 109 (station 1)

and 122.1 x 10 3 /ms (station 2) (table 5-21). The May assemblage was

predominantly Bosmina longirostris (a cladoceran)*which comprised more

than 50 percent of total numbers (table 5-22). The rotifer, Conochilus

unicotnis was the second most prevalent taxon making up 12 to 20 percent

of numbers collected. These two taxa were responsible for the

significant increase in zooplankton densities shown in figure 5-38.

The entire study series (1974-1983) showed the cladoceran

B. longirostris is typically becoming the dominant taxon in late spring

(April-Nay) and generally dominant or subdominant until the end of the

sample year in October. Such was the case in 1974, when B. longirostris

was either first or second in abundance in 63 percent of all samples col-

lected from the mainstream channel near BLN (table 5-23). The reason for

the single prolific sample period (May) is unclear, however such a pheno-

menon was documented during other years in this study (see for example

February 1977, all stations, and station 2 in 1978) (table 5-21) and

other studies on upper Guntersville Reservoir (TVA 1978, 1979).

A particular note of interest is that beginning in July and con-

tinuing to the end of the year, Leptodora kindtil was most numerous at
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one alto and second in eight others. Generally, this particular

cladoceran was only sparsely present relative to other zooplankton

species and, with the exception of three samples in September and October

1975, ranked lower than tenth in abundance in all samples collected in

the period 1975-1983. The population expansion of this relatively minor

species (i.e., generally present in mid to late summer but in small

numbers) suggests a syndrome of favorable conditions which occurred in

1974 or earlier and may have carried over into 1975. However, population

levels of L. kindtii since that time indicated proper conditions have not

reoccurred. The fact that L. kindtii (1) was the sub-dominant taxon at

all stations in August 1974; (2) was either dominant or sub-dominant at

two of three stations during July, September, and October 1974

(appendix B); and (3) was collected regularly leads to the inference:

L. kindtii responded in 1974 to hydrologic and physicochemical factors

which were not duplicated in the remaining sample years.

The early portion of 1974 was dominated by larval copepods

(nauplii) with rotifers sub-dominant. While this larval group tended to

dominate the spring period, identifiable copepods (copopedids and adults)

were quite sparse at all stations and, nauplii included, exceeded

1,000/ms only during February and May (appendix E). This suggests

copepods, and for that matter cladocerans and rotifers, shifted from a

"maintenance" level to the relatively high "summer" productivity level

during Nay 1974 but did not continue the seasonal expansion of numbers

into the summer.
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The three channel stations were analyzed via one-way Analysis of

Variance (ANOVA) by groups within months and by total zooplankton density

at each station to determine whether the samples were drawn froM a comfton

assemblage. Of the 36 ANOVA's, 31 did not show enough difference to permit

rejection of the null hypothesis at the L = 0.05 level. Station mean

densities of the five ANOVA which were significantly different at the

* = 005 level were further compared using the Student, Newman, Keuls

(SNK)MKultiple Range Test (table 5-25). While no clear pattern of

differences was established, station 1 (downstream from BLN) generally had

fewer organisms than station 3 (upstream) and station 2 at the plant

(table 5-21).

With the exception of Kay, the 1974 zooplankton assemblage in the

vicinity of BLN showed little variation among stations with respect to

species composition and abundance. The month of May was characterized by

large increases in Cladocera (B. longirostris) and rotifers (C. unicornis),

which masked concommitant increases in larval copepods. During the latter

part of the sample year L. kindtii (Cladocera) showed an increase in

abundance, relative to the remainder of the assemblage, of a magnitude not

observed during other sample years.

4 The channel assemblage of zooplankton near BLN had nine taxa as

dominant or sub-dominant during 1974 (table 5-23). Of these two taxa were

cladocerans (B. longirostris and L. kindtii), one copepod "taxon" (naupil

larvae), and the remainder rotifers (table 5-23). Neither number of taxa

nor diversity index values (table 5-24) showed a clear advantage of one

channel station over the others. Number of taxa was lowest (14) at

station 3 (TRM 396.8) in March and highest (35) at station 1 (TRH 388..0) in
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May; however, the average number of taxa collected each month was 22 (range

]4-35) and was similar for each station (table 5-24). Diversity values

ranged between 0.98 (station 3, October) and 3.54 (station 2, TM 391.2,

July) with a 1974 median diversity index of 2.60. The only time all

diversity indices were over 3.0 was during April when diversity index

values of 3.41, 3.19, and 3.44 were recorded at stations 1, 2, and 3,

respectively (table 5-24).

Based on the criterion that Sorensen's Quotient of Similarity

SQS) values > 70 indicate similarity• comparable taxa were present in 25

of 27 comparisons (table 5-26). In the two instances when the SQS values

were less than 70 (stations 1-2, SQS 65, February; and stations 2-3,

SQS = 68, October) they were not greatly divergent from the standard. This

test is a qualitative comparison and does not include organism abundance as

does the Percentage Similarity (PS) coefficient proposed by Pielou (1976).

Percentage Similarity compares densities of each taxon at two locations

providing a dimension not included in SQS. Sixty-three percent of the PS

comparisons (17 of 27) were above the 70 percent criterion and were

considered similar (table 5-27).

1975--The zooplankton assemblae present at BLN channel sta-

tions in 1975 resembled that of 1974 in community composition by monthly

interval; however, total density was reduced by about an order of magni-

tude in 1975 (figure 5-39). The May samples showed highest densities

ranging from 7.0 x l10/m3 to 8.2 X 10 3 /m3 (table 5-21) with

B. longirostris (Cladocera) as the dominant taxon (table 5-23). The,

rotifer, Synchaeta sp., was second in abundance and together with other

rotifers made this taxonomic group dominat- in this month.
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The cyclic change in abundance of zooplankton by group was

similar to that observed in 1974 (table 5-22). Copepods (primarily

nauplii) dominated February, March, and April, with rotifers (Snfcheets

sp. and Kstella ap.) occupying the sub-dominant positions (table 5-23).

Beginding in Nay, B. lonkirostris was either dominant or sub-dominant

throughout the remainder of the sample year. Community structure, based

on dominant and sub-dominant taxa, showed 1975 was remarkably similar to

1974 At all stations (table 5-23).

The cladoceran, L. kindtii, once again increased in relative

abundance during the latter part of the year. This species was second in

abundance at station 2 and third at station 3 in September. It was

fourth in abundance at station 3 in October and in all cases comprised,

7 percent or more of total zooplankton density.

The channel assemblage of Zooplankton near BLN was composed

mainly of eight taxa during 1975 (table 5-23). The 1975 sample year was

consistent among stations with respect to numbers of taxa present and

diversity. Number of taxa was lowest (8) at station 1 during February

with the next lowest values (11 and 13) at station 2 and 3, respectively,

also during February. The greatest number of taxa (32) was collected

during August at station 2, while the average number of taxa per sample

was 21 (range 8-32) and was similar for each station. Diversity index

valueq ranged between 0.98 (station 1, August) and 3.35 at the same loca-

tion (station 1) during the following month (September) (table 5-24).

A SQS and PS showed 21 (SQS) (table 5-26) and 15 (PS)

(table 5-27) instances in.27 possible combinations.where the stations had

comparable community structure. The PS values showed lowest degree of
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comparability among all stations during June, ranging from 34 to

50 percent.

In 28 of 36 one-way ANOVA, the hypothesis of no difference was

accepted at the a = 0.05 level. Station means of the eight ANOVA which

were significantly different were examined by SNK (table 5-25). While

station 2 was median in abundance, stations 1 and 3 showed no pattern.

The trend of station 1 having the lowest density observed in 1974 did not

occur in 1975.

Generally, the zooplankton assemblage at the three channel sta-

tions near BLN showed little difference with respect to species composi-

tion and abundance. Although the entire sample year was relatively light

with respect to total densities and densities within groups (table 5-21),

the frequency of occurrence of dominant and sub-dominate taxa

(table 5-23) suggests a normal, albeit relatively sparse, community. The

cladoceran, L. kindtii, comprised a large portion of the late sunmner/

early fall assemblage but not to the degree observed in 1974. This sug-

gests that those factors which elicited large numbers of this species in

1974 were diminished in 1975.

1976--February of 1976 showed LaX assemblage dominated by roti-

fers with Synchaeta op. and Keratella sp. being the dominant and sub-

dominant taxa, respectively, at each of the three channel stations.

Copepods (primarily nauplii) comprised the second most prevalent group,

while cladocerans were present at a "maintenance" level (< 1,000/mrn)

(table 5-21). Overall densities were drastically reduced in March (from

about 48.0 x 10 3 /ms to near 4.0 x 108 /mg). Rctifers (primarily

Keratella sp.) were again dominant at statrons 1 and 2 (appendix E), and
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copepods (nauplii) continued as the sub-dominant category. At the up

stream station (3) the dominant and sub-dominant roles were reversed for

nauplit and Keratella sp.

During April overall zooplankton densities increased to levels

intermediate between February and March; however, community structure

changed (figure 5-40). The cladoceran, B. longirostris, dominated the

group and the assemblage at all stations, while rotifers were subdominant

(Synchaeta sp. at stations 1 and 3, and Keratella ap. at station 2)

(appendix E). In May overall numbers dropped again to near 9.0 x

10a/ms with rotifers (ieratella sp. dominant and Synchaeta sub-

dominant) comprising more than 70 percent of the assemblage (table 5-22).

In June B. longirostris once more became the dominant zooplank-

ter at all channel stations and continued as the most prevalent form

throughout the remainder of 1976. This single taxon dominance coupled

with strong rotifer representation by two taxa (Keratella sp. and

Synchaeta sp.) was evidenced by the occurrence of only six taxa as either

first or second in abundance in the 1976 channel at stations at BLN

(table 5-23).

Overall densities by taxonomic group were quite low in the

latter part of the year, suggesting only maintenance levels of zooplank-

ton production (table 5-21). This was particularly evident in August and

October.

The 1976 assemblage was characterized by the presence of more

taxa per sample (average 29, range 18-41) than were recorded in the pre-

vious years. Neither number of taxa nor diversity values showed a clear

pattern for any particular channel station. Numbers of taxa were lowest
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(18) at station 1 (October) and station 3 (August), whereas station 2 had

the greatest number (41) in June of 1976 (table 5-24). Diversity indices

were less than 2.0 in February, April, and September and were greeter

than 3.0 only during June (station 3) (table 5-24). Relatively low div-

ersity index values in February and April, the two months of highest

total densities, were due to samples being almost totally dominated by

one or two taxa. Synchaeta sp. and Keratella sp. comprised approximately

70 percent of total density at all staions in February, while

B. longirostris made up 53-64 percent of the total assemblage in April

(appendix E).

In 32 of 40 one-way ANOVA tests, there were no significant

differences (a = 0.05 level) among stations. Station mean densities of

the eight ANOVA which were significantly different showed no clear pat-

tern of abundances; however, station 1 was generally in the median posi-

tion of the three channel areas (table 5-25).

The 1976 assemblage showed more variability of composition

based on SQS indices than was indicated by the PS index of similarity.

Nine of 27 SQS values were less than the 70 percent level, with the low-

est degree of similarity occurring late :ii the year (table 5-26). The

Percent Similarity (PS) index based on both numbers of taxa present and

their relative abundance showed 22 of 27 comparisons (81 percent) were

similar (table 5-27).

In summary, the 1976 zooplankton assemblage near BLN was domi-

nated in the late winter and early spring by rotifers (primarily

Synchaeta sp. and Keratella op.); however, the cladoceran,

B. longirostris, became the most prevalen' form in April. With the
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exception of Kay, when the rotifers again dominated the assemblage,

B. longirostris dominated the remainder of the sample year at all sites.

While each of the three channel stations was specifically identified by

one or more of the analyses as different, there was no clear pattern of

diffefentation. The three channel sample stations showed more similari-

ties than differences throughout 1976.

1977--Greatest overall densities in 1977 occurred in February

and March (figure 5-41), but varied considerably between the two months

at station 1 (February total density = 86.6 x lOS/ms; March density

32.6 x 10 3 /ms). The February assemblage was dominated by rotifers

with Synchaeta sp. and Keratella sp. being either dominant or subdominant

at each channel station and comprising more than 75 percent of the zoo-

plankton assemblage (table 5-21). March was also dominated by rotifers

(table 5-22), however, a new genus, Polyarthra sp., was sub-dominant

(stations 2 and 3) for the first time (appendix E).

During April plankton densities decreased to less than 3.7 x
10 3 /m3 at all stations (table 5-21) and were dominated by rotifers;

however, cladocerans and copepods increased in relative abundance

(table 5-22). This was due to drastic reduction in numbers of rotifers

(table 5-21). Beginning in June and continuing through the remainder of

1977, the assemblage was dominated by nauplii, S. longirostris,

Brachionus angularis, and Synchaeta sp. Brachionus angularis, a rotifer,

comprised from 18 to 41 percent of the total assemblage during June.

This Was the first appearance of this species as either a dominant or

sub-dominant in BLN samples. After early (February, March) peaks, zoo-
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plankton densities were moderate during the late spring and summer, and

then dropped to low levels in October (table 5-21).

The zooplankton assemblage was characterized by an average of

31 taxa (range 17-45) per sample and had no diversity index values which

were less than 1.0 (table 5-24). Diversity indices were less than 2.0 on

only six occasions during 1977. These lower values were due to the

assemblage being dominated to a large extent by one or two taxa

(Keratella sp. and Synchaeta op. in February, and B. longirostris in Nay

and August. Numbers of taxa were lowest (17) at station 3 in April and

highest (42) at station 2 in September. Station 3 generally had fewer

taxa than either stations 1 or 2 (table 5-24).

One-way ANOVA within months by taxonomic groups and total zoo-

plankton densities at each station showed 10 of 36 instances when the

null hypothesis (no difference among stations) was refuted at the C t

0.05 level. Station mean densities of those ANOVA which were signifi-

cantly different showed no clear pattern of station differences was

demonstrated (table 5-25). The overall trend was station 3 < sta-

tion 2 < station 1.

The 1977 zooplankton assemblagb showed considerably more varia-

bility of composition based on PS than were indicated by SQS values.

Four of 27 SQS values were less than the 70 percent similarity level,

with station 3 being different than station 1 in April and all stations

being different in October (table 5-26). This relatively high level of

similarity using SQS was not supported by PS indices where all compari-

sons during Nay, June, September, and October were less than 70 percent

(table 5-27). Station 3 was involved in Y' of 16 instances where 1977 PS
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values were less than 70 percent, suggesting the community composition of

this station was different during this sample year.

The 1977 zooplankton assemblage near BLN was dominated by rela-

tively large numbers of rotifers (Synchaeta sp. and Keratella sp.) in

February and March, which persisted, at reduced densities, into May.

Nauplii were moderately abundant (= 6-8 x 103/ms) in February and

March'and at lower densities during the remainder of the sample year;

however, copepod adults did not comprise a large portion of the assem-

blage. Only one species, Diaptomus reighardi, was present at more than

250 individuals per cubic meter (251/ms at station 3 in July) (appen-

dix B). These observations were consistent with zooplankton samples

colletted in 1974, 1975, and 1976 (appendix E).

Only six taxonomic forms including nauplii occurred as either

dominant or sub-dominant in 1977 (table 5-23), and two of these,

Polyarthra sp. and Brachionus angularis had not previously occurred as a

dominant form. In general, the three channel stations were not statis-

tically different during 1977; however station 3 had lower diversity

indices, lower PS values and fewer taxa thaa either stations 1 or 2.

1978--Beginning in March, three new sample sites--all in over-

bank areas--were added to the sample regime at BLN (figure 5-1). These

new stations differed considerably from channel stations both hydrolo-

gically and biologically. In this report they will be discussed

separately and then compared to describe those factors unique to either

system.

The March 1978, zooplankton assemblage at channel stations near

BLN was dominated by rotifers and copepods (figure 5-42). Rotifers were
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dominant with Synchaeta sp. being the major taxon and copepods (nauplii)

the second most numerous group at each station. Cladocera were present

at maintenance levels (< 0.7 x 109/mg) during this sample month

(table 5-21). This changed considerably during April when B. longiro-

stris dominated the assemblage at all stations, comprising,65 percent or

more of total densities with nauplii second in abundance (table 5-22).

In Hay, nauplii were dominant at stations 1 and 3, while Asplanchna sp.

(rotifer) was most numerous at station 2 (appendix E). Sub-dominant taxa

in May were Conochilus unicornis (rotifer) at station 1, Synchaeta sp. at

station 2 and B. longirostris at station 3. Percentage composition

(table 5-22) and presence absence data (appendix E) suggested an

equitable distribution of numbers among taxa. This was supported by the

fact that five forms were either dominant or subdominant among the three

stations (table 5-23).

Beginning in June and continuing throughout the remainder of

1978, channel stations were dominated by either B. longirostris,

Synchaeta sp., Brachionus angularis or nauplii (appendix E) with one

exception. At station 3 in September, the cladoceran Alonella sp. com-

prised 50 percent of the total assemblage (table 5-22); however, total

densities were quite low at the time (1.9 x 103/ma at station 3).

This was the first appearance of the taxon in the BLN zooplankton assem-

blage. Alonella sp. was identified at station 6 (overbank) in September

of 1978 and again at station 5 (overbank) in 1979 (appendix B). The fact

that this organism was collected in significant numbers (> 300/ms) only

in September 1978 (the 1979 sample had only 1) specimens) suggested it

was rare and that proper conditions for a celerated production occurred
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only in autum 1978. This is not an unlikely phenomena for several of the

Chydorinae, including this genus (Pennak 1978).

Population densities were moderate during the period MIrCft

through August except at station 2 in June when rotifer density, especi-

ally, Brachionus sp., was very high (figure 5-42). B. angularis, the

dominant species was represented by 140.3 x 1 0 a/ms individuals at

this station (appendix E), with overall rotifer densities exceeding

285.4 x 10/ms (figure 5-42). While B. angularis frequently was the

most numerous species at channel stations, this density was the highest

of any channel station during the entire preoperational sampling period.

September and October samples were relatively sparse (table 5-21) when

compared with densities during the earlier part of the year. Total den-

sities ranged between 1.4 x 10 3 /mg at station 2 in September and

5.2 x 10 3 /m3 at the same location station in October.

The 1978 channel assemblage had the highest average number of

taxa for any channel series during all years of preoperational sampling

(32 taxa per sample, range 21-41). Numbers of taxa were lowest (21) at

station 3 in April and highest (41) at stations 1 and 2 during August

(table 5-24). The station trend with respect to numbers of taxa per

sample was station 3 < station 1 < station 2. While diversity indices

showed no pattern among channel stations, the lowest diversity index

value (0.96) occurred at station 3 in April, also the site of fewest taxa

per sample in 1978 (table 5-24). Seasonally the lowest diversity indices

(< 2.0) were in March and April (all stations) and in September

(station 1) and October (station 2); otherwise all diversity indices were

greater than 2.0 (table 5-24).
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One-way ANOVA showed no significant differences among stations

in 23 of 32 tests. Station mean densities of the nine ANOVA which were

significantly different were subsequently analyzed using SNK tests

(table 5-25). Taxonomic groups were quite variable, and although the

stations were significantly different, no station pattern could be dis-

cerned. When all groups were combined, station 3 had fewer organisms

than either of the others but was significantly lower (P > 0.001) only in

May (table 5-25).

Sorenson's Quotient of Similarity showed station 3 to be dif-

ferent from station 1 in May and different from stations 1 and 2 in

September; otherwise based on taxa present, the stations were similar at

the SQS = 70 percent level or better (table 5-26). However, PS indicated

few similarities; March, April, and October were similar (PS > 70 per-

cent) at all stations, stations 3 and 1 were similar in June, and sta-

tions I and 2 in July (table 5-27). All others were different and sta-

tion 2 was extremely poor (8-10 percent) In June. This occurred because

of the very large numbers of rotifers (figure 5-42) at station 2.

The 1978 channel zooplankton stations were moderately produc-

tive and, except for two anomalies, were consistent with previous years.

The anomalies were the peak abundance of rotifers, primarily

B. angularis, during June (station 2) and the occurrence of the clado-

ceran genus Alonella op. as the dominant taxon at station 3 in

September. These were first occurrences for both events during channel

zooplankton sampling at BLN.

Overbank stations had a different c~,mmunity structure and were

much more productive than BLN channel sta'Lons (figure 5-42). There were
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nine taxonomic forms which were either dominant or sub-dominant at over-

bank stations, while only six forms were so designated at the channel

stations (table 5-23). Generally, overbank stations had much larger

populations than their channel counterparts during each sample period

(table 5-21). The exceptions were during March (no difference, sta-

tions 4 and 5), May (stations 5 and 6 less than station 1) and October

(station 4 similar to stations 1, 2, and 3) (table 5-21). In June, sta-

tion 2 densities were much higher than any other site. Overall differ-

ences in community structure were evident in that B. longirostris was

dominant only twice Cstation 5, August and station 4, September) in over-

bank stations, whereas in 1978 it dominated channel samples 14 times

(appendix E).

In March the overbank samples were similar to channel collec-

tions with respect to both dominant forms (Synchaeta sp. and nauplii) and

density (range 10.0 x 10 3 /ms--station 3 to 15.6 x 103/mg--station

6). In April rotifers (Asplanchna sp. and Synchaeta sp.) dominated the

overbank assemblage and production was much higher than that observed in

the channel (appendix E). This was not due to an absence of Cladocera

(they were still present in numbers comparable to channel stations)

rather it represents an expansion of rotifers (table 5-21).

Copepod density was relatively low (2.2 x 10/ms to 26.0 z

103/m.) but consistent throughout the year. The one exception was

station 4 (0.2 x 10a/ma) in September when only maintanence levels

were qbserved (table 5-21). As was the case in earlier years, copepod

numbers were primarily larval (nauplii) and could not be identified to

either, genus or species.
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Figure 5-42 shows rotifers dominated the overbank zooplankton

assemblage near BLN. Beginning early in the year dominance by Synchaeta

sp. augmented by Asplanchna sp. in April, a relatively consistent pattern

of rotifer domination of 1978 overbank stations was apparent

(appendix E). As the year progressed, these taxa were supplanted by the

genus Brachionus (B. angularis and B. budapestinensis) along with the

genus Conochilus (C. unicornis and C. hippocrepis) until late summer when

Conochilus sp. (predominately C. unicornis) dominated the overbank 1

assemblage (appen- dix B). At irregular intervals, other rotifer taxa

were either dominant or sub-dominant for one sample period at one

station. These included: Platyias patulus (22 percent, Station 5) and

Hexarthra sp. (16 percent, station 6) both in July (appendix E).

One-way ANOVA identified significant differences in 18 of 32

overbank tests at a = 0.05. SNK Multiple Range Tests showed station 5

had fewer organisms than stations 4 and 6 and station 6 was the overbank

location with the greatest overall zooplankton densities (table 5-25).

Station 4 was quite variable, but was usually median particularly during

March, June, and August. For one analysis (September, copepods) ANOVA

was significant (F = 11.25, P > F = 0.04, and subsequent SNK test was

not. This statistical anomaly occurs because the SNK test is an

a posteriori test of differences which appear to be contributing to the

significance of the ANOVA. When the decision is near the borderline for

a given probability level, an a priori test is more sensitive and in this

case probably would have shown September copepods to be significantly

different. The less sensitive a posteriori test (SNK) did not; however,
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when 9NK shows significant differences among stations, one can be sure

a priori tests would also have been significant (Sokol and Rohlf 1969).

The 1978 overbank assemblage had an average number of taxe per

sample of 34 (range 25-43) and had only one sample (April, station 6)

with a diversity index less than 1.0 (table 5-24). Diversities less than

2.0 occurred during March (station 4) and October (station 6) and all

others ranged between diversity index = 2.12 (station 4, September) and

4.05 (station 5, August).

Results of SQS and PS comparisons of community similarity very

graphically demonstrate the effects of abundance (PS) versus species

presence-absence (SQS) on the respective indices. Five of 24 SQS values

were less than 70 percent suggesting considerable similarity among

overbank stations (table 5-26). When abundance was included (PS) only 2

of 24 similarity indices were greater than 70 percent (table 5-27). In

all other cases, PS indices were less than 70 percent and in one instance

dropped to only 5 percent similarity (stations 4 and 6 in September).

These low PS values were due to the diversity of taxa present and the

variability of abundance among taxa and among stations (appendix E).

When channel and overbank stations were compared, several

differences became apparent. For example all the dominant and

sub-dominant taxa found at channel stations were also found at overbank

stations but not vice-versa (table 5-23). This coupled with more taxa

per sample in overbank stations (34, range 25-43) than in channel

stations (32, range 21-41) suggested some stimulating factor at overbank

stations that was either missing or attenuated in the channel area. Two

possioilities were (1) the reduction in overbank flow [because overbank
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areas are behind strip (barrier) islands, which allow limited exchange of

water between the two areas but ameliorates wind and current action] and

(2) solar heating of the more shallow backwater areas, especially in the

early spring. Both these parameters are discussed in sections 2.1 and

2.2 of this report. Reduced current with associated increased water

residence time at the shallow overbank stations probably accounted for

the overall greater production in overbank areas when compared to channel

areas (figure 5-42). Also, because overbank stations would be flow

isolated (each developing a more resident, unique assemblage than channel

communities), larger differences among overbank stations were possible,

Analysis of variance and subsequent SNK tests showed the

channel stations had fewer organisms (by taxonomic group and by total

density) than did the overbank stations. The density array by station

was structured 3 < I < 2 < 5 < 4 < 6 with stations 3, 1, and 2 being

different from the remaining stations at a significance level of 0.0001.

This coupled with differences in species composition and species

dominance indicated aspects of the zooplankton community that can not be

measured by examining only one of the habitat types.

1979--The 1979 main channel secies of zooplankton samples was

discontinued except for one station (station 3, TRM 396.8) which was

retained for comparative purposes. Because only one channel station was

examined it will be considered along with the overbank stations instead

of being analyzed separately.

During February, Karch, and April the zooplankton assemblage

was dominated by Rotifera and/or Copepoda, with mean monthly densities

ranging between 42.2 x 108/ms at station (channel) in February and
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1.2 x-10 3 /m3 at the same station in April (table 5-21). Rotifers and

copepods comprised from 84 percent to 98 percent of the assemblage during

the same period (table 5-22). Dominant taxonomic forms at all stations

during the first three months of 1979 were either Synchaeta op. or

naupiji (table 5-23). The four dominant or sub-dominant forms observed

at the channel station (number 3) were included among the twelve forms

which were most numerous at the three overbank stations (table 5-23).

In February, zooplankton production was moderate with total

densities ranging between 23.0 x 10S/ms and 42.2 x 10 3 /m9 and

were dominated by Synchaeta sp., except at station 6, where nauplii were

comprised more than 50 percent of the assemblage (table 5-22). Although

the dominant taxa remained the same, densities dropped appreciably during

Karch and April at both channel and overbank sites (table 5-21). The

channel station had more individuals than overbank areas only

once--February. Throughout the remainder of the sample year overbank

stations were several times more productive than the channel stations..

Except for June, nauplii (young copepoda) were either the dominant or

sub-dominant at one or more sample sites during the entire sample year

(appendix E). This indicates continued copepod reproduction although

mature copepod domination of the assemblage was rare (table 5-23).

Total densities varied between moderate and maintainence levels

throughout most of the sample year. The exception was station 6 during

June, July and August when densities, relative to the remainder of the

year,,were quite high (figure 5-43), being 123.4 x 10 3 /ms, 124.2 x

103/m3 and 167.6 x 10/im, respectively, for the three periods.

In each instance of high zooplankton densities, Rotifera were predominant



(table 5-22). Asplanchna sp., and Brachionus angularis dominated the

June sample at station 6; however these two taxa only comprised

40 percent the rotifer population. This suggests several other rotifer

species were well represented in the sample and the diversity index

supports this (table 5-24, diversity index = 3.51). During July at

station 6 rotifers were represented by the family Conochiloidae

(primarily Conochilus unicornis) which comprised over half the rotifer

density of 107.4 x 10 3 /ms. The Conochilus sp. population peaked in

August at station 6 (appendix E), when the group made up 80 percent of

the total rotifers (table 5-22) and accounted for 121.2 x 10 3 /ms of

167.6 x 10 3 /m9 total zooplankton at the site.

In spite of large densities in February at station 3 (channel),

numerical abundance of zooplankton in 1979 was clearly greater in all

overbank stations than at channel stations. Based on mean densities over

the year by station the trend was station 3 < 4 - 5 << 6.

The 1979 overbank assemblage had fewer taxa per sample than

observed in 1978 (1978; 34 taxa, range 25-43 versus 1979; 32 taxa,

range 19-41), while station 3 (channel) showed an average of 29 taxa

(range 23-35) (table 5-24). Diversity indices were generally good with a

median of 2.88 and a range of 1.03 to 4.14 at overbank stations and a

median of 2.32 (range 1.01-2.77) at the single channel station. There

were no diversity index values less than 1.0; however, lower diversities

tended to occur either early (February and March) or late (September and

October) in the sample year (table 5-24).

One-way analysis of variance (overbatik stations only) showed 24

of 36 ANOVA significantly different at the . = 0.05 level. However SNK
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Multiple Range Tests showed only 22 of the 24 ANOVAS to be significantly

different based on the conservative a posteriori determination

(table 5-25). ANOVA for June showed Clodocera (F = 9.99, P > F = 0.05)

and, Rotifera for all of 1979 (F = 3.54, P > F = 0.045) to be different,

however their densities did not permit separation of distinct stations

using SNK. Based on the SNK tests which were significant, the overall

pattern of difference was 4 < 5 < 6 and was generally consistent

throughout the sample year (table 5-25).

Results of SQS and PS comparisons showed a series of highly

variable sample stations (table 5-26 and table 5-27). In 1979, 15 of 27

SQS comparisons involving overbank stations showed values > 70 percent

whereasý in only S of 27 tests was the channel station (3) similar to

overbank stations at the SQS > 70 percent level (table 5-26). In June

SQS levels for all station comparisons were equal to or greater than

70 percent indicating a well mixed assemblage throughout the reservoir in

the vicinity of BLN (table 5-26). When numerical abundance was incorp-

orated into the test (PS) it was apparent that little overall similarity

existed (table 5-27). In only seven of fifty-four instances were PS

values > 70 percent. In 26 of 27 possible PS station comparisons,

station 6 was less than the preferred percentage similarity of 70 per-

cent, indicating this station was distinctly different from the others.

In summary, the 1979 overbank zooplankton assemblage near BLN

showed considerable variability with respect to both taxonomic structure

and relative abundance. While stations 4 and 5 were not significantly

different when overall plankton densities were considered, 8 of 15 SNK

tests showed station 4 to have fewer organisms per taxonomic group than
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other sites (table 5-25). Station 6 had 11 occasions when taxonomic

groups were significantly more numerous than stations 4 and 5. Based on

these 1979 results the overbank assemblage in the vicinity of BIJ rhould

be ranked 4 < 5 < 6.

When the channel station was compared with overbank stations

there was little evidence the two areas were similar. With the exception

of February, total density at the channel station was several times less

than at overbank stations during the same period.

When station 3 was compared with data from all three channel

stations during previous years, the average number of taxa per sample in

1979 (29, range 23-35) was equal to the median value for the years 1974-

1978. Only in 1975 were mean zooplankton densities in channel stations

consistently lower than those observed at station 3 in 1979. This sug-

gests station 3, the most upstream site (TRW 396.8) may not have been the

most appropriate site for relating previous channel samples to the 1979

group.

1982--After a hiatus of two years, zooplankton sampling was

resumed at channel and overbank stations in February 1982. Zooplankton

densities were moderate (< 16.0 x 103/m3 ; co maintainence level

(< 2.0 x 103/m2) at channel stations throughout the sample year

(table 5-21), and during February and March, populations were dominated

by Copepoda (nauplii) and Rotifera (Synchaeta sp.) (appendix E). In

April, B. longirostris, nauplii, Asplanchna sp., Synchaeta sp., and

Brachionus calyciflorus became a significant part of the zooplankton

assemblage (appendix E) but varied from station to station with regard to
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dominant and sub-dominant forms. April was the last time, except sta-
tion 2 in July, that rotifers comprised more than 10 percent of the

channel zooplankton assemblage in 1982 (table 5-22). In May the assem-
blage was almost completely dominated by Cladocera (Bosmina longirostris)
(table 5-22 and appendix E). In June the entire channel assemblage was
dominated by copepods (table 5-22). These were either larval (nauplii)
or sub-adult (calanoid) forms and at no time were enough adults present
to materially affect the mature zooplankton assemblage (appendix E).
Beginning In July and continuing through October the channel zooplankton
assemblage was dominated by the cladoceran, B. longirostris. With the
exception of station 2 (July), when the rotifer Conochiloides sp. was
second in abundance, the second most prevalent form was copepod nauplii
(immatures, station .3 July) (appendix E).

The 1982 sample year showed more variety among channel station
dominant taxa than previous years with nine forms being either dominant
or sub-dominant at some period (table 5-23). However, as in the past
three forms: Cladocera, B. longirostris; Copepoda, nauplii; and Roti-
fera, Synchaeta sp., were the primary constituients of the channel group
(table: 5-23). Samples in 1982 had an average of 20 taxa (range 9-31) per
two-replicate sample (table 5-24). This was equal to the lowest number
of taxa found in previous years (20, range 8-32, 1975).

Conmunity diversity (diversity index) values were relatively
low with six instances when diversity index was less than 1.0 and only 4
diversity index values > 3.0 (table 5-24). Those diversity indices less
than 1.0 occurred when a single taxon (in all cases B. longirostris) made
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up more than two-thirds the total assemblage at a given station

(appendix E).

In ]975, 96 percent of the two-replicate samples had a CV < 40

percent indicating consistent sampling within the same zooplankton

community. In 1982 only 76 percent of the CV's were equal to or less

than 40 percent, suggesting considerably more variability among repli-

cates. Except for February, Guntersville Reservoir flow regimes were

generally lower than normal and should not have affected replicapability

(figures 2-36 through 2-40). At present there are no obvious reasons why

coefficients of variation were high in 1982.

One-way ANOVA used to test for differences in zooplankton abun-

dance (either by taxonomic group or total density) at channel stations

showed 14 of 36 instances when the hypothesis of no difference In mean

density was rejected at the a = 0.05 level. When these significantly

different ANOVA were treated by SNK analysis 13 continued to be different

(table 5-25). Although there were exceptions, the general trend among

channel stations was 1 < 2 < 3 with respect to zooplankton densities.

The 1982 channel assemblage showed considerable variability of

composition based on SQS and PS indices. In 15 of 27 SQS tests the zoo-

plankton community did not achieve the 70 percent similarity index

expected for samples taken from similar assemblages (table 5-26). In

February, March, and October all comparisons among stations showed dif-

ferences. During July and August, all channel stations were similar at

the SQS > 70 percent (table 5-26). This mid-summer congruence between

stations as evaluated by SQS did not persist when percentage similarity
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(PS) determinations were made (table 5-27). In July the channel assem-

blage was nearly at 70 percent similarity level (stations I and 2 were

68 percent PS and the others > 70 percent PS); otherwise PS indicea

showed a taxon/abundance similarity that was > 70 percent just five times

for the year (table 5-27). This degree of dissimilarity was unu- sual in

channel stations where hydrologic conditions tend to be more con- sistent

than in overbank areas. The relatively high taxonomic and abun- dance

variability may have been the result of those factors which lead to high

coefficients of variation between replicates.

In 1982, overbank stations were generally more productive than

channel areas (table 5-21); however, community structure between channel

and overbank stations did not vary as much as in prior years. Percentage

composition by taxonomic group showed differences at stations 5 and 6 in

May, and station 4 in June when rotifer abundance was greater than at

other locations (table 5-22). Rotifers continued to dominate at sta-

tion 4 throughout the remainder of the year (figure 4-44); however, at

other overbank stations there was a more equitable mix of major groups

(table 5-22). There were twelve taxonomic forms which were either domi-

nant or sub-dominant at overbank stations in 1983 (table 5-23). One

rotifer, Brachionus caudatus, was second in abundance at station 4 in

August. While this species occured routinely as a part of the rotifer

assemblage, this is.the only time during these studies that it was numer-

ous epough (16.8 x 10 9 /m3 ) to be classified as sub-dominant (appen-

dix E).

Zooplankton densities in overbank areas were generally moderate

throughout the year except at station 4 during August, September and

165



October (table 5-21 and appendix E). Beginning in August, rotifer and

copepod (nauplii) densities at station 4 were several times greater than

observed at other stations (figure 5-44). While stations 5 and 6 showed

the cladoceran, B. longirostris and nauplii as the dominant forms during

August, September, and October, as did the channel stations, the assem-

blage at station 4 was quite different (appendix E). Seven rotifer taxa

at station 4 were more abundant than B.. longirostris, suggesting some

factor, not present at other stations, was promoting rotifer production

at this site. This high rotifer production relative to other overbank

stations continued at station 4 during the remainder of the sample year

(table 5-21, figure 5-44).

Average number of taxa per sample in overbank stations was the

same as at channel stations (20, range 9-32). This was quite low com-

pared to 1978 (34 taxa, range 25-43) and 1979 (32 taxa, range 19-41).

Because no samples were taken during 1980-1981, it was not possible to

determine whether this represented a natural fluctuation (see 1975 data)

or an aberation related to sampling. Three diversity values were less

than 1.0 in 1982 (table 5-24), compared with only one value less than 1.0

(1978, station 6, April) at overbank sta•ions in 1978 and 1979 combined

(table 5-24).

In 12 of 36 one-way ANOVA either group or total density was

significantly different (• 0.05) among overbank stations.. When these

12 were subjected to SNK Multiple Range Tests all were significantly dif-

ferent. Only Cladocera was not significantly different among overbank

stations throughout the sample year (table 5-15). When total densities

were tested over all months in 1982, resu"•s were significantly different

166



among the P > F = 0.0009 level. The SNK array was stations 6 < 5 < 4

(table 5-25). This was not unexpected in view of the dis- parity of

zooplankton.densities at the three stations (figure 5-44).

Sorenson's Quotient of Similarity showed the overbank stations

were similar at the 70 percent level in Nay and July of 1983

(table 5-26). No station comparisons met the criterion of 70 percent

similarity (SQS) during March, September, and October. One or more sta-

tion pairs were similar during February, April, June, and August, but no

discernible pattern was evident (table 5-26). Generally overbank sta-

tions were similar to channel stations in that the greatest degree of

congruence based on SQS occurred May through August of 1983. Only 7 of

of 36 percentage similarily (PS) values were above 70 percent and these

showed no meaningful pattern (table 5-27). The fact that September and

October of 1982 had only two instances (SQS, channel, stations 2-3 and

PS, channel, stations 1-2). among 24 comparisons where channel similarity

indices were > 70 percent and none for overbank stations, confirms con-

siderable aberation in taxonomic structure of the zooplankton community

near BLN (table 5-26 and table 5-27).

When channel and overbank stations were compared, their overall

similarities were greater than their differences. Synchaeta sp. and

nauplii dominated the assemblage in both areas during February, March,

and April (appendix 9). May and June patterns of dominance showed

Bosmina longirostris and nauplii, respectively, at all stations. How-

ever, in July and August, Cladocera were most prevalent at channel sta-

tions, whereas rotifers dominated the overbank areas (table 5-22). This

trend persisted throughout the remainder of the sample year at channel
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stations and at overbank station 4. Overbank stations 5 and 6 were gen-

erally similar to each other particularly with respect to dominant or

sub-dominant taxa (B. longirostris or nauplii) during the period J"11

through October 1982.

An analysis of variance on total densities over all months by

station (stations were not nested by channel and overbank treatments) was

significantly different at the 0.0001 level. SNK tests of mean

zooplankton densities by station showed 2 < 1 < 6 < 5 < 3 < 4 with

station 4 being different because of the high rotifer densities during

August September, and October of 1982.

1983--The 1983 channel zooplankton assemblage in the vicinity

of BLN was charactrized by low densities in February, March, and April at

all stations (table 5-21). Densities, increased by an order of magnitude

in May (table 5-21) and shifted from rotifer domination to a system that

was comprised primarily of Cladocera (table 5-22). The shift in per-

centage was due to an increase in B. longirostris at all stations with no

concomumitant change in copepod or rotifer numbers (table 5-21). Total

zooplankton densities dropped back to maintenance levels at all stations

in June and remained low until October w;.ua, once again Cladocera

(B. longirostris) densities increased (table 5-21, figure 5-45).

Taxonomically the 1983 channel stations followed the trend that

was shown in earlier sample years, with rotifers (usually Synchaeta op.)

and copepods (nauplii) dominating the spring assemblage (appendix E). In

February a different rotifer (Epiphanes macrouras) was the dominant at

station 1 and was sub-dominant at station 2. This species had previously

occurred in the zooplankton assemblage; h, iever its numbers were usually
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less than 100/m3 , whereas in February, E. macroura density was approxi-

mately 1.2 x 103/ms at stations I and 2 (appendix E).

Beginning in May, Cladocera dominated the channel assemblage

and, with nauplii, remained most numerous throughout the sample year

except at station 1 in September when rotifers comprised 31 percent of

the community (table 5-22). The sample year had nine taxonomic forms

which, at one or more times, were either first or second in abundance

(table 5-23). Three taxa were reported as either dominant or subdominate

for the first time at channel stations. They were: Epiphanes macroura,

a rotifer; Diaptomus reighhardi, a copepod; and Diphanosoma

leuchtenbergianum, a cladoceran. However, D. leuchtenberxianu was

second in abundance at overbank station 4 in August 1979. The remaining

dominant forms have occurred regularly throughout the sample series and

constitute a normal channel assemblage in the area. Fewer taxa were

collected during 1983 than in any previous year (average number of taxa

16, range 9-24), and overall replicate variability as measured by coeffi-

cient of variation (CV) was poor. Only 70 percent of replicates had CV

< 40, whereas the CV was less than 40 in more than 89 percent of samples

taken during 1974 through 1979. It is not known whether the fewer taxa

collected in 1983 are due to variability in sampling or to some differ-

ence in the zooplankton assemblage evidenced during 1983, and to some

degree in 1982.

The channel assemblage had eight community diversity indices

less than 1.0. These occurred primarily during Nay (stations 1 and 2),

September (stations 2 and 3) and October (all channel stations)

(table 5-24). Diversities ranged between 0.14 (station 2 in October) and
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3.36 (station 2 in July). In all instances where diversity values were

less than .1.0 the assemblage was dominated by one species

(B. longirostris) which made up more than 85 percent of total zooplankton

density (appendix E).

One-way ANOVA used to test for differences in zooplankton

densities showed S of 36 tests where the hypothesis of no difference in

mean density among channel station was rejected. When these were

examined by SNI, four of the five ANOVA showed significant station

differences based on this a posteriori test (table 5-25). Although no

clear pattern was evidenced for stations 1 and 2, station 3 had the few-

est individuals. Station ranking by abundance was station 3 < 1 < 2.

Like the 1982 assemblage, zooplankton in 1983 showed con-

siderable variation between stations based on SQS and PS values. In 16

of 27 SQS comparisons between channel stations the similarity quotient

was less than the preferred criterion of 70 percent similarity

(table 5-26). In two months (April and June) all channel station com-

parisons either met or exceeded the 70 percent criterion, and in two

months (September and October) all stations comparisons were less than

70 percent (table 5-26). Stations 1 and j showed the greatest degree of

similarity, especially during the first half of the sample year, whereas

stations 1 and 2 differed in taxonomic similarity In 7 of 9 months

sampled (table 5-26). When adjusted for abundance (i.e., Percentage

Similarity), PS comparisons showed 15 of 27 instances when station com-

parisons were less than 70 percent (table 5-27). In only one month

(March) was there a 70 percent congruence among all channel sites. The

PS values showed station 1 versus station 2 to have the highest degree of
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simiiurity (S of 9 months), whereas this pairing showed the best simi-

larity using SQS index. This suggests that while the two stations were

quite dissimilar taxonomically, abundances of taxa in common were rela-

tively similar. Both SQS and PS tests are in agreement with the infer-

ence that a low degree of similarity with respect to both taxonomic

structure and relative abundance within taxa was evidenced among channel

zooplankton assemblages near BLN in 1983.

Relatively low similarities were expected in areas where flow

is slight (e.g., overbanks), thus allowing one or a few taxa to expand

their numbers and produce a "patch" that would not resemble neighboring

patches. Conversely in sample areas of moderate discharge effect (e.g.,

channel), one expects the assemblage to be relatively well mixed hence

have a good degree of similarity. Discharges at Nickajack Dam (upstream)

and Guntersville Dam (downstream) in 1983 (table 2-1) do not suggest long

periods of little or no flow in the vicinity of BLN. Relatively low

densities and reduced numbers of taxa were documented in 1974 and 1975 so

this may be a periodic cycle in the zooplankton community.

In 1983, as was the case in prior years, the overbank assem-

blage indicated more production than in channel areas (table 5-21).

Based on group composition, overbank areas were similar to the main

channel with rotifers and copepods dominating the assemblage early in the

year (February, March, and April) and Cladocera at the end of the sample

year (September and October) (table 5-22). Contrary to channel stations,

rotifers continued to dominante the overbank assemblage throughout the

summer except for July (very low abundance at all stations) when copepods

171



(nauplii) comprised 87 percent, 57 percent, and 78 percent of the zoo-

plankton at stations 4, 5, and 6, respectively (table 5-22).

Generally, zooplankton densities at overbank stations Were

approximately five times greater than at channel stations. Stations 4,

5, and 6 had 13 taxonomic forms which were either dominant or sub-

dominant one or more times during the year (table 5-23), with three taxa

classified as first or second in abundance for the first time in the

monitoring period. They were: Bosminopsis sp. (Cladocera--station 4,

September), and the rotifers Konostyla sp. (station 5, July) and

Trichotria sp. (station 5, February) (table 5-23). In each instance

overall densitites were low (< 2.7 x 10 3 /ms), therefore these may be

instances when relatively minor but consistently present taxa became

dominant due to absence of a more normal assemblage (appendix R).

Densities were quite variable among overbank stations and

throughout the sample year (figure 5-45). June samples had the highest

overall densities, as well as the highest individual station value

(station 6), while July samples yielded the least overall numbers of any

sample month in 1983. Synchaeta sp. (231.7 x 10 8 /m3 ) accounted for

more than 69 percent of total plankton auundance (334.4 x 10a/ma) at

station 6 in June (appendix E). Further evidence of overbank density

variability in 1983 occurred in March when station 6 had the lowest total

zooplankton density (0.47 x 102/m 3 ) of any overbank sample. This

nadir was surpassed by only one other sample (station 3, October 1977,

total density = 0.4 x 108/ms) during the entire investigation.

Average number of taxa per sample in overbank stations was the

lowest reported for the four years (19, r .nge 8-31). In previous sample
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years, the trend had been for overbank and channel samples to have about

the same average number of taxa per sample within a particular year.

However the average number of taxa varied considerably from year to

year. Although overank stations were not sampled in 1974 and 1975, the

taxonomic composition of channel stations was comparable to 1982-1983

(table 5-24). This cyclic trend should be considered when zooplankton

sampling is resumed at BLN.

Very low diversity indices (diversity index < 0.25) were

observed in October at all overbank stations (table 5-24). These

occurred because the cladoceran B. longirostris made up 88 percent to,

94 percent of total zooplankton density (total density range

15.4 i 103/mS to 23.4 x 103/ma) at overbank stations (tables 5-22

and appendix E). Diversity indices ranged between 0.18 (station 6,

October) and 3.95 (station 6, March) with 17 of 27 diversity indices

greater than 2.0 (table 5-24).

One-way analysis of variance showed 9 of 36 instances when the

null hypothesis (i.e., no difference among stations) was rejected

(table 5-25). When these were tested by SNK all were significant

(table 5-25). Station 4 as generally had significantly greater abun-

dances than either stations 5 or 6; however, no consistent pattern was

established because of replicate variability. Rotifers In June were not

significantly different at station 6 (density = 289.5 x 103/m2) from

other overbank stations because of high coefficients of variation (CV) at

station 4 (CV = 136) and station 6 (CV = 61). If replicates within sam-

ples had been In the preferred range of CV <40, station 6 would have been

significantly different from stations.4 and 5.
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Based on the 70 percent SQS criterion, only in June were assem-

blages comparable at all sites (table 5-26). In total, only 9 of 27 com-

parisons met the 70 percent criterion (table 5-26). PS indices also

showed a poor degree of similarity. When zooplankton densities were

included in the analysis, stations 5 and 6 were similar at the

PS > 70 percent level in Nay and all three overbank stations were similar

in October (table 5-27). The October sample series was totally dominated

(P 88 percent of total numbers) by B. longirostris at each station,

therefore high PS similarities were expected. Otherwise, 23 of 27 PS

simmilarity tests showed the assemblages to be different among stations

(table 5-21).

In 1983 the zooplankton assemblage near BLN was characterized

by extremes at both channel and overbank stations. For example, sta-

tion 6 had the greatest (334.4 x l04/mB, June) and least

(0.5 x 103 /ms, March) overbank zooplankton density estimates of the

entire investigation (appendix K). Also community similarity based on

SQS and PS indicators showed both channel and overbank sites to be only

occasionally similar to each other. When SQS values for channel stations

in 1983 were compared with those from 1S.,, only 11 of 27 stations were

comparable in 1983, whereas in 1975, 21 of 27 comparisons were similar at

the 70 percent level or greater (table 5-26). Though different in degree

of station similarity, the two years were similar with respect to average

number of taxa per sample, total zooplankton densities, species diver-

sity, and numbers of dominant and sub-dominant forms. They were also

similar in that the early part of both sample years (February-May) was

dominated by rotifers (primarily Synchaet op.) and immature copepods
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(nauplii) with B. longirostris increasing in density in early suuner

(May-June) and dominating the assemblage during the remainder of the sam-

ple year. SQS and PS values in 1983 seem to be due to station differ-

ences with respect to less abundant taxa and to inconsistencies among

replicates. Because of these inconsistencies and the lack of zooplankton

samples in 1980-1981, it is possible to hypothesize (conjecture) but not

demonstrate a relatively long-term periodicity (ca. 7-8 years) of cycli-

cal zooplankton production in Guntersville Reservoir in the vicinity of

BLN. Other investigations in the reservoir have shown similar phenomena

(TVA 1983a).

Seasonal Variations in Zooplankton Assemblages--Figures 5-38

through 5-45 demonstrate temporal and numerical instability of the zoo-

plankton assemblage. However, in spite of these fluctuations certain

seasonal trends were established over the span of the investigation.

Certain taxonomic forms were ubiquitous in their occurrence

throughout the sample year (B. longirostris, nauplii, Synchaeta sp. and

except for August of some years, Keratella sp.) as either dominant or

sub-dominant in abundance at channel and/or overbank sites. However the

periods of dominance and the number of dominant taxa varied with season.

In the period February-April rotifers (Synchaeta sp. and Keratella sp.)

were generally the most prevalent taxa with immature copepods (nauplii)

second in abundance (table 5-22 and appendix E). Numbers of taxa were

also reduced in the overwintering populations in both channel (average

number of taxa = 21, range 8-35) and overbank (average number of

taxa = 22, range 11-41) stations during February-April when compared to

annual averages of 25 taxa, range 9-45 (channel) and 26 taxa, range 8-43
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(overbank). This was particularly evident in February (table 5-24) when

overwintering forms were either rarely present in the water column or

still in the "resting" egg stage and thus were missing from the NaMples.

However when conditions were favorable for a group (e.g., rotifers in

February and Narch, 1976) they produced considerable densities

(- 48 x 10 3 /m 3 ) early in the sample year (table 5-21). The two

dominant taxa during this expansion were Synchaeta sp. and Keratella sp.

(appendix E). While these two taxa established the pattern for the early

season, other rotifers on occasion contributed significantly to early

season zooplankton densities. Two taxa, one in channel samples

(Epiphanes macroura) and a second in overbank samples (Trichotria sp.),

showed early season cycles of abundance in 1983.

Although rotifers usually continued to dominate the assemblage

in April, Cladocera (B. longirostris) typically began their increasing in

density and by May were co-dominant with larval copepods (nauplii) as the

most numerous forms; especially in channel areas. Even with these sample

sites (channel) being generally dominated by nauplii and B. longirostris,

the summer zooplankton assemblage could best be characterized as diverse

with respect to abundance of taxa and coiamunity dominance (appendix E).

Channel stations had one unique sub-dominant taxon among summer zooplank-

ton, the copepod, Diaptomus reighardi (July, station 1). This was one of

only two instances when mature copepods were either dominant or sub-

dominant in a sample (appendix E). Overbank stations in summer had five

taxa occurring as dominant forms in the area (overbank) and season (May-

July). They were all rotifers and included, Brachionus guadridentatus,
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Conochilus hippocrepis, Hexarthra op., Monostyla op., and Platyias

patulus (table 5-23).

Beginning in May and continuing through August several tafl of

Conochilidae were at peak production in the reservoir near BLN. While

both channel and overbank stations had substantial numbers of these

organisms they were generally more prevalent in overbank areas

(table 5-23) where they were occasionally either dominant or second in

abundance throughout the remainder of the sample year (September-

October). This trend was not observed at channel stations.

The genus Brachionus, another rotifer, began to dominate the

assemblage during June of most sample years and was a major part of the

community throughout the remainder of the year. There were five species

(B. angularis, B. budapestinensis, B. calyciflorus, B. caudatus, and B.

quadridentatus) which were either dominant or sub-dominant at one or more

stations. Although some taxa were quite abundant at both channel and

overbank sites (e.g., B. angularis), when weighted by years sampled,

representatives of the genus Brachionus were more than twice as prevalent

at overbank stations than in channel areas (table 5-23).

The months of August through October, particularly October,

were characterized by a diminished number of taxa collected, as well as a

general reduction in productivity, (table 5-24 and figures 5-38 through

5-45), Two taxa were unique to channel stations as dominant (Alonella

sp.) and sub-dominant (Diaptomus pallidus) during this season. Docu-

mentation of the copepod D. vallidus as sub-dominant (August, station 3)

represented the second time during this entire investigation that a

mature copepod contributed significantly to the conmmunity assemblage. As
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a group, the copepods, were always well represented by nauplii (larval

forms) in these investigations but were sparsely present as mature adults

(Q7 percent overall) in the assemblage. At present, it is not kfloMn

whether this was due to cropping of the larger organisms by predators or

to adults being poorly sampled because of their proximity to the sub-

strate during daylight hours or if this is the natural population

dynamics of this reservoir. Pennak (1978) notes that copepods frequently

migrate much further than other plankters, moving vertically through

depths ranging from 10 to 15 meters, whereas rotifers only range between

one and five meters. In Guntersville Reservoir vertical migratory ranges

of 15 meters or less would place most calenoid and cyclopoid forms near

the substrate, and thus easily missed during sampling. Another factor

which must be considered is that while harpacticoid copepods have a

free-swimming larval form, adults are generally substrate (detritus)

dwellers, hence not subject to samples extracted from the water column

(see section 5.1.2).

Occasionally a taxon dominated the late summer/early fall

assemblage during one year, but not be evident in ensuing years. This

was demonstrated by the cladoceran, Leptudora kindtii in 1974 (appen-

dix B). This large (ca. 1 cm length) predaceous species was generally

present in summer and autumn assemblages at both channel and overbank

stations, but was abundant only in 1974. The presence of this particular

species as a dominant form within the 1974 assemblages demonstrated the

variety of taxa, which given the proper conditions can change the zoo-

plankton community composition in the vicinit,; of BLN. However, these
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fluctuations were usually transitory, with the autumnal channel assem-

blage being composed primarily of B. longirostris, nauplii, and several

rotifers (Synchaeta, sp. an B. angularis).

The same general pattern (B. longirostris and nauplii codomi-

nant, supported by several species of rotifers) was evident in overbank

areas. However, in overbank samples the rotifer group was composed of

four species within the genus Brachionus and three in the family

Conochiloidae which were rarely abundant at channel stations. Synchaeta

sp., regularly a part of the dominant fauna at channel stations, was not

included as a dominant taxon in any of the autumnal (August-October)

overbank samples In this investigation.

In summary zooplankton assemblages near BLN were dominated by

four taxonomic forms which persisted throughout the sample year. They

were Bosmina lonairostris (Cladocera), nauplii (larval copepods) and two

rotifers (Svnchaeta sp. and Keratella sp.). In the early part of the

year (February-April) rotifers and nauplii dominated both channel and

overbank areas. In mid-season (Nay-July) Cladocera became dominant,

especially in channel areas, with rotifers and nauplii sub-dominant.

Variety was provided by different species of rotifers in both channel and
overbank areas when Asplanchna sp., Brachionus angularis and Conochilus

unicornis begin to increase in density in May-June and continued through

the rest of the year. Overbank stations had more variety of taxa

(especially species of Brachionus and Conochilus) than were found in the
channel. Zooplankton diversity and density was generally highest in

mid-year. The fall season was characterized by reduced density overall
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and a shift toward rotifer domination in channel stations. Synchaeta sp.

rarely dominated the late season samples at overbank sites.

On a year-by-year basis, channel stations were least productive

and had fewest average taxa per sample in 1975. Both total densities and

number of taxa per sample increased through 1978 and then decreased to

1982. In 1983, average number of taxa per sample improved slightly; how-

ever total densities continued to be depressed.

In 1978, the first year of overbank sampling total densities

and average number of zooplankton taxa per sample were the highest

recorded for the study. Both parameters then declined with lowest over-

bank densities occurring in 1982 and fewest average taxa per sample in

1983. Although overbank stations were more productive, they generally

followed the trend established by channel stations in regard to yearly

changes in abundance and numbers of taxa per sample.

Spatial Variations in Zooplankton Assemblages--Overall station

diffferences within channel and overbank areas were few In number yet

differences between channel and overbank areas were great. In this sec-

tion, channel station variations are examined first, then overbank areas,

and finally the two groups will be compa..ed.

Channel station 3 (TRN 396.8) is intended to be the upstream

"control" when BLN begins operating. It was found to be generally the

poorest of the three channel stations. Although few analyses showed

significance at the 0.05 level, this station was consistently lowest in

average number of taxa per sample (24, range 9-38), had poorest

diversity, was low in low total density (10.6 x 103/mg) except for

1983, and was represented by the fewest d ninant taxa (12) of any channel
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station. While these trends were not statistically significant they were

documented in this preoperational report. They also show the need for

another "control" station closer to the BLN site than station 3 which is

over five miles upstream from BLN.

Channel station 2 (TRW 391.2) was the richest of the channel

sites. Located at the BLN diffuser area, station 2 had an average number

of taxa of 25 (range 10-45), good species diversity, and the highest

total density (16.2 x 10 3 /ms) of channel stations. Fourteen taxon-

omic forms were either dominant or subdominant during one or more of the

sample years.

Channel station 1 (TRM 388.0) results were generally between

those'of the other two sites with respect to most of the measured para-

meters. Total density (10.7 x 10 3 /ms) was comparable to station 3;

community diversity was good, and like station 2, had an average number

of taxa per sample of 25 (range 8-42). In one category, number of taxa

present as either dominant or sub-dominant, station 1 was clearly highest

with 17 taxonomic forms. This was the largest number reported for this

parameter at either channel and overbank stations, and implies a greater

diversity of fauna and habitat than observed eleswhere in this study.

Based on the entire series of zooplankton studies no clear

pattern of statistically significant differences could be established

among channel stations near BLN; however, the stations were generally

ranked station 3 < station 1 < station 2.

Overbank stations were located at TRW 386.4 (station 4),

TRW 388.4 (station 5), and TRW 391.1. All overbank stations were gener-

ally more productive than were channel stations. This was due in part to
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the reduced current behind the barrier islands which limited flushing of

plankters from the environs.

Overbank station 4 was the most downstream of the three sites

and like channel station 3 (also downstream), had a relatively high num-

ber of taxa present as dominant or sub-dominant (15) components of the

overbank assemblage. In part this may have been due to an influx of zoo-

plankton from the Jones Creek embayment (TRa 388.0) which is along the

left shore (facing downstream).with a portion of its flow remaining

behind a continuous barrier island to a point downstream from station 4.

Average number of taxa per sample for station 4 was 26 (range 10-41),

community diversity was approximately equivalent to that observed for

channel station 2, and total density (36.1 x 103/m9) was the median

for three overbank stations.

Overbank station 5 (TRN 388.4) was located behind a barrier

island just upstream from the month of Jones Creek (TRH 388.0). During

the perod 1978-1983 this site was subjected to considerable encroachment

from aquatic macrophytes. This may explain the fact that, although not

statistically significant, station 5 was generally the poorest overbank

station sampled. Total density was 21.9 x 10 3 /mg less than half that

of station 6, the most productive site. Average number of taxa per

sample (27 range 10-43) and community diversity were the highest obser-

ved; however, only eleven taxonomic forms were listed as dominant or sub-

dominant in abundance. This was the fewest representatives for this

category in either channel or overbank stations. Figures 5-42 through

5-45 show station 5 to have the fewest organisms in 15 of 35 monthly com-

parisons among overbank stations.
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Overbank station 6 (TRM 391.1) had the highest average total

density (53.4 x 10 3 /ms) of any sample site studied. SQS and PS

indic es throughout the study showed station 6 to be frequently dissimilar

to other stations (table 5-26 and table 5-27). Community diversity was

good.' second only to station 5, and 12 taxonomic forms were either

dominant or sub-dominant during the study. In spite of, or perhaps

because of its high productivity, station 6 had fewer average taxa per

sample (25 range 8-42) than other overbank stations. This may have

occurred when large numbers of one or two taxa utilized habitat which

might-have otherwise been occupied by other species.

When all overbank station parameters were considered in con-

cert, station 5 ranked less than station 4 which ranked less than

station 6.

When dominant and sub-dominant taxa at channel and overbank

stations were combined by sample type and compared, there were five

ubiquitous taxonomic forms (Bosmina longirostris, nauplii, Asplanchna

sp., Brachionus angularis, and Synchaeta sp.) (table 5-23). Total num-

bers of abundant taxa showed 20 taxa plus nauplii in channel areas and 21

taxa plus nauplii at overbank stations. Overbank stations had more

unique (i.e., occurred only in one sample type) taxa (8) than channel

stations (6).

Zooplankton diversity indices and average number of taxa per

sample consistently showed the overbank stations to be slighlty more

diverse with have more species than channel stations. None of these

differences were statistically significant, although they were consis-

tent. Diversity measures showed station 3 - station 1 < station 4 -



station 2 < station 6 < station 5 while ranking by average taxa per

sample provided an array of station 3 < station 1 - station 2 - sta-

tion 6 < station 4 < station 5.

During the three sample year period (1978, 1982, and 1983) when

both channel and overbank stations densities were tested using ANOVA and

SNK (table 5-25) certain patterns became evident. Channel stations

ranked station 3 < station 1 < station 2 in 1978 and 1983 and station 1 <

station 2 < station 3 in 1982. Overbank stations during the same period

showed station 5 < station 4 < station 6 (1978, 1983) and station 6 <

station 5 < station 4 in 1982. However, when all six stations were

examined simultaneously the very high zooplankton densities at station 6

(1978, 1979, 1983) and station 4 (1978, 1982) affected the analysis such

that station 3 < station 1 < station 2 < station 5 < station 4 <

station 6, with channel stations at the low end of the array and overbank

stations at the high end.

These observations suggested that, while channel and overbank

sample sites shared the same zooplankton species mix, habitats differed

such that communities were somewhat different. Also, within sample areas

there existed a trend which although not statistically significant,

consistently showed the upstream control station (station 3) to be less

productive than other channel stations. Overbank stations showed a

similar trend with station 5 being the least productive site. The two

most productive sites (station 2, channel at TRN 391.2 and station 6,

overbank at TRM 391.1) were in close proximity to each other and to the

diffuser outlet of BLN.
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5.3 Summarv and Conclusions

5.3.1 Phytoplankton

Phytoplankton assemblages of the mainstream channel and left

overbank habitats near BLN were diverse, consisting of 137 phytoplankton

genera. Most of these genera comprised the groups Chlorophyta (66),

Chrysophyta (35), and Cyanophyta (25). Twenty-two genera were important

with regard to abundance, representing at least 10 percent of total

abundance during one or more collection periods.

Comparisons of community structure in the mainstream channel

indicated 79 percent of all possible SQS and 52 percent of PS comparisons

were similar. Similarity of overbank phytoplankton communities occurred

less frequently with 66 percent of all possible SQS comparisons similar

and only 26 percent of possible PS comparisons similar. The low degree

of similarity among overbank stations was the result of flow isolation

which allowed development of distinct and separate communities, whereas,

channel stations were contiguous with regard to flow. Lowest similarity

(PS) among both overbank and channel stations occurred in late summer.

Comparisons of community structure between channel and overbank stations

were usually dissimilar with regard to PS where only 52 of 261 possible

comparisons (20 percent) were similar.

Phytoplankton diversity was greater on the left overbank (range

of d values = 1.32-4.62) than in the mainstream channel (d = 0.60 4.00).

Maximum number of genera identified for a single collection date occurred

for the overbank (71, September) and channel (62, July) during 1978.

Patterns of algal succession changed during the preoperational

study period. Chrysophyta and Chlorophyta dominated the phytoplankton
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assemblage every collection period in 1974 and Chrysophyta was again

dominant every collection period (except March) in 1983. During

1975-1982 Cyanophyta became the most abundant phytoplankton groUpI

comprising especially large segments of the total assemblage in August

1975 (77 percent), August 1976 (81 percent), and July (83 percent),

September (76 percent), and October (73 percent) in 1977. Dominant

Cyanophyta genera were Anacystis and Kerismopedia during 1975-1982, but

changed to Oscillatoria in 1983. The dominant genus occurring most often

during the study was a chrysophyte, Melosira. Cyanophyta dominance was

usually greater on the overbank habitat than in the river channel.

October 1982 and several months in 1983 were unique in that Cyanophyta

was not represented in the phytoplankton community.

Combining channel percentage composition data for all years,

month, stations, and depths indicated Chrysophyta composed significantly

greater proportions of the assemblage than other groups. Stratifying

data by station indicated a downstream increase in relative Cyanophyta

abundance. Greater relative abundance occurred for Chlorophyta in 1974,

Chrysophyta in 1983, Cyanophyta in 1977, and Euglenophyta in 1974 apd

1975.

Phytoplankton abundance was greater for the overbank habitat

than the mainstream channel. The most productive stations with regard to

cell numbers were TRN 388.0 in the channel and TRN 386.4 on the left

overbank, indicating a downstream increase in phytoplankton abundance.

Combining abundance data for years indicated, overall, that July

(channel) and August (overbank) had significaitly more phytoplankton than

other months. Lowest abundances occurred in October for both habitats.
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Greatest phytoplankton abundance measured during the monitoring period

exceeded 56 million cells/L at TRM 386.4 in August 1982.

Temporal evaluation of phytoplankton indicated a cyclic

abundance pattern for the channel habitat, beginning low in 1974,

increasing through 1977, and declining during 1982 and 1983 to abundance

levels at or below those measured in 1974. Two overbank stations (TRMs

391.1 and 388.4) exhibited a significant decrease in phytoplankton

abundance over time (1978-1983).

Short-term periodicity usually coincided with annual

temperature curves, with low abundance in February which increased during

warmest months and declined in October. Exceptions occurred in 1976 and

1977 Qhen large abundance in February appeared related to absence of high

January/February reservoir flows demonstrated for other years.

Average chlorophyll a concentrations normally were below the

10-30,mg/ms range indicating potentially eutrophic conditions; however,

maximum single-sample concentrations occasionally fell within that

range. Maximum chlorophyll concentrations on the left overbank were much

greater than corresponding channel concentrations. Estimates of

phytoplankton community health, based upon relative amounts of

phaeophytin a, indicated healthy, viable populations during much of 1983

in contrast to a somewhat less viable assemblage in 1982.

Primary productivity data were extremely variable from

month-to-month, ranging from 7 to 2,930 mg C/m2 /day in the channel and

7 to ý,231 mg C/m2 /day on the left overbank. Maximum productivity for

both habitats occurred in July 1982. Reduced and/or changing solar

radiation several days before sampling appeared to reduce productivity,
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Over time, phytoplankton productivity appeared to increase

based upon greater photosynthetic activity during 1982. As expected

because of decreasing penetration of light into the water column, maximum

productivity occurred at the surface and 1-m depths.

In summary, phytoplankton data were quite variable within

stations, months, and years such that spatial trends were seldom

obvious. However, there was a trend indicated for greatest total

phytoplankton abundance and Cyanophyta dominance on the left overbank and

at downstream sampling locations.

5.3.2 Zooplankton

During the period 1974-1978 channel stations wore remarkably

similar with respect to numbers of zooplankton taxa present, species div-

ersity, and frequency of occurrence of dominant and sub-dominant taxon-

omic forms. However, this overall similarity did not include either

total zooplankton densities or densities by species, which showed consid-

erable inequality, with no reliable pattern by either station or sample

period. For example, February, and to some extent March were usually

periods of reduced abundance, except for 1Lu/ when the highest production

during the year was in February and March. Similar anomalies occurred

frequently, but never predictably, throughout the investigation.

Larval copepods (nauplii) were the most consistent component of

the zooplankton assemblage, but adult ropepods were only rarely (twice)

present as a major component of the community. The second most prevalent

form was the cladoceran, Bosmina longirostris wHich generally dominated

channel zooplankton from May to the end of t.e sample year.
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Total zooplankton densities and average number of taxa per

sample increased at all stations during the period 1974-1978 and then

decreased in 1979, 1982, and 1983. Several other parameters exaiined

during the study supported the conjecture that zooplankton in

Guntersville had a long-term (- 7-8 years) cycle of increasing and

decreasing numbers. This phenomenon may have been more evident if varia-

bility among two-replicate samples collected in 1982-1983 had been less.

The high degree of within sample variability tended to obliterate infer-

ences which may have supported the long-term periodicity concept. Within

each of the two habitat types sampled, highest overall densities were at

channel station 2 and overbank station 6, both located immediately in

front'of the plant, while lowest zooplankton numbers at channel stations

were at the upstream control (station 3, TRW 396.8) and at overbank

station 5 (TRM 388.4). Overbank stations were much more productive than

channel sites. This probably resulted from amelioration of river flows

due to the presence of barrier islands.

Several conclusions can be made from zooplankton data collected

during the period 1974-1979 and 1982-1983. These include:

1. Short-term fluctuations (<one year) in the zooplankton assemblage
(both in terms of occurrence and relative abundance) occur frequently
near BLN.

2. Based on the occurrence of taxa, the three sample stations in the
channel group were more similar than different.

3. Overbank stations showed a greater degree of variability with respect
to total density and similarity indices (SQS and PS) than channel
stations. This was probably due to a more "patchy" distribution of
zooplankton in overbank areas, and less mixing enabling communities
to develop in separate overbank areas.

4. Number of taxa present, species diversity, and total zooplankton den-sities were usually lower at the beginning (February) and end
(October) of the sample year than in the summer season.
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5. The most productive channel station (station 2) and overbank station(station 6) are nearest the BLN diffuser, whereas the least produc-
tive station (station 3) represents the upstream "control".
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CHANNEL - 1974

CYAN O CMLO
0%. __ 212

CHJ4OCYANO
CHLO

CYANO

62%

67%

FEB

77X

MAR APR
MAY

j-a
CH.LO CHLO

CYAN.
lix1

CHLO
40Z.

CYANIO. ••

38%

SEPT

C1ILO
37Z

48Z

OCT

422.5si

JUL AUG
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Figure 5-30. Phytoplankton Biomass (mg Chl a/lm) for Mainstream Channel Stations near Bellefonte
Nuclear Plant, Guntersville Reservoir, 1974 through 1983.
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Figure 5-31. Phytoplankton Biomass (mg Chl a/mn) for Left Overbank Stations near Bellefonte
Nuclear Plant, Guntersville Reservoir, 1982 and 1983.
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Figure 5-32. Phytoplankton Productivity (mg C/m2 /Day) for Mainstream Channel Stations near

Bellefonte Nuclear Plant, Guntersville Reservoir, 1974 through 1983.
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Figure 5-33. Phytoplankton Productivity (Mng C/m 2 /Day) for Left Overbank Stations near Bellefonte
Nuclear Plant, Guntersville Reservoir, 1982 and 1983.
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6.0 PERIPHYTON

6.1 Materials and Methods

6.1.1 Field

Preoperational monitoring of the perkphyton community in the

vicinity of BLN was conducted from 1974 through 1978 for channel stations

TRM 388.0, 391.2, and 396.8 and resumed in 1982 and 1983 with the addition

of left (facing downstream) overbank stations TRM 386.4, 388.4, 389.9, and

391.1. Stations on the left overbank below the plant site were adde4 in

1982 because the potential plume exposure from BLN existed in these areas

for low or no flow conditions after the diffuser was redesigned.

Five plexiglass plates, having an 1.5 dm2 exposed area, were

placed in a metal or PVC support rack and suspended 0.5 m from the water

surface. Two racks were placed at each sampling location throughout the

1974-1983 study period. The plates were collected after being incubated

for approximately one month. Upon collection, each plate was placed in an

individual plastic bag and labelled. One plate from each rack was

designated for algal enumeration (ID) and the remaining plates were

designated for autotrophic index (AI) analyses. After labelling, all

plates were placed on ice, returned to the laboratory, and stored frozen.

Artificial substrates for periphyton colonization were placed

monthly March through September and retrieved approximately one month

later in April through October of each sampling year. High flow

conditions, floating debris, or vandalism caused loss of substrates or

entire samplers. Listed below are the sampling dates and locations when

entire samplers for a particular analyses were lost and no data are



therefore available. In April 1974 both enumeration (ID) and autotrophic

index (AI) samples were collected from TRM 388.0, 391.2, and 396.8 and

analyzed but the data were lost.

Date

June 1974

August 1974

September 1974

October 1974

April 1975

June 1975

August 1975

April 1976

April 1977

September 1977

October 1977

may 1978

April 1982

June 1982

July 1982

September 1982

October 1982

April 1983

May 1983

August 1983

September 1983

October 1983

388.0,

396.8

396.8

388.0,

388.0,

388.0

388.0

396.8

388.0,

391.2,

391.2

388.0

386.4

391.2.

391.1

391.2,

391.2,

388.0,

389.9,

386.4

388.0,

386.4,

Location (TRM)

391.2

391.2, 396.8

391.2, 396.8

391.2

396.8

388.4, 391.1

396.8, 386.4, 38

391.1

396.8, 386.4

391.1

391.2, 396.4

388.4

Analysis

ID, AI

ID, AI

ID, AI

ID

ID

ID, AI

ID, AI

ID, AI

ID, AI

ID,, AI

ID, Al

ID, Al

ID, AI

ID, AI

ID, AI

ID, AI

ID, AI

ID, AI

ID, AI

ID, AI

ID, AI

ID, AI

B8.4, 389.9



6.1.2 Laboratory

Enumeration--During the 1974-1978 phase of the study, there were

occasions when the prescribed number of plates from each station WOre hot

recovered because of vandalism, high flows which tore the plates from the

racks, etc. This created situations when there were not enough plates to

do both the enumeration and autotrophic indices analyses. Beginning in

1982, if the prescribed number of plates were not recovered to do both

enumeration and autotrophic indices analyses, some plates (one or two)

designated for autotrophic indices analyses were taken for enumeration

analyses.

Plates designated for algal enumeration were thawed for up to one

hour and periphyton from a known area was scraped from the plates. If the

periphytic growth was, in the opinion of the analyst, moderate to heavy, a

small area (usually 25 cm2 ) was scraped. If the growth was light to

moderate, the entire plate was scraped into a beaker containing a small

amount of 10 percent formalin.

The scraped material was diluted and a subsample withdrawn.

Volumes of the diluted sample and the subsample which would allow

expeditious and thorough enumeration, were dependent upon the abundance of

organisms and the quantity of detritus. This subsample was placed in a

sedimentation chamber similar to an Uthermohl cylinder and allowed to

settle for at least 12 hours. Classification and enumeration were

conducted at the generic level with an inverted microscope at a

magnification of approximately 320X. References and publications used in

identification varied for individual algal groups. Sometimes several

2%'8



references were utilized to identify genera within an algal group, but usually

a single reference comprised the major taxonomic authority. Major (x) and

infrequently (f) used references were as follows:

Algal Group

Reference Chlo Chry Cyano Crypto Eugleno Pyrro

Cocke (1967) x

Desikachary (1959) V

Drouet (1973) x

Drouet & Daily (1973) x

Forest (1954) € € i x €

Hustedt (1930) x

Patrick & Reimer (1966) x

Prescott (1964) x x x x

Tiffany & Britton (1971) / V I /

Whitford & Schumacher (1969) 1/

Autotrophic Index--Slides selected for autotrophic indices were

thawed and large organisms (chironomids, caddiaflies, etc.) were removed

and discarded. All periphytic growth was scraped from the slide and

placed in 90 percent acetone to extract the phytopigments. The scraped

material was placed in up to 50 ml of solvent, homogenized, and steeped

for at least 12 hours.

After extraction the sample was filtered onto a preweighed filter

pad. The chlorophyll concentrations were determined using the filtrate as

described below. Biomass estimate was calculated using data from the

residue manipulations. The filter with residue was placed in a preweighed



crucible and dried at 105 0 C for at least 12 hours; incinerated in a

muffle furnace at 600°C for 1 hour; cooled in a dessicator; and

weighed. This ash-free dry weight provided an estimate of total organic

matter or biomass.

To estimate phytopigment concentrations, the filtrate was

analyzed spectrophotometrically. In 1974, chlorophyll concentrations were

originally calculated from the Parsons and Strickland (1963) modification

of the Richards and Thompson (1952) equations. From 1975 to 1978 the

optical densities were read at 750, 663, 645, and 630 nm. Each Sample was

then acidified with two drops of 0.1 N MCI, allowed to steep for one

minute, then reread at 750 and 663 nm. Chlorophyll a, b, and e

concentrations were originally calculated using the 1966 UNESCO equations

for chlorophylls and the Lorenzen (1967) equations for phaeophytin ai

However, for this report all values have been recalculated using the

Jeffrey-Humphrey (1975) equations.

In 1982 and 1983, optical densities of each sample were read at

750, 664, 647, and 630 nm. Again the samples were acidified with two

drops of 0.1 N HCI, allowed to steep for one minute, then reread at 150

and 664 nm. Phytopigment concentrations were calculated using the

Jeffrey-Humphrey (1975) equations, and phaeophytin a concentration was

calculated again using the Lorenzen (1967) equations.

For all samples from 1975 to 1983 the phaeophytin index values

were determined (Weber 1973) as shown:
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PI = Chl a /Chl a

where Chl aa = corrected optical density for chlorophyll a

after acidification;

Chl Ab = corrected optical density for chlorophyll a

before acidification.

The autotrophic index (AI) value for the sample was calculated

according to Weber (1973) as shown:

AI = Ash free dry weight/m2 ((mg/m )

Chlorophyll a concentration/M2 (mg/M 2 )

6.1.3 Data Analyses

Periphyton enumeration and autotrophic index data for each sampling

date were tested for station differences using a one-way Analysis of Variance

after the data were transformed (log 0). If there were significant

differences among stations, a Student, Newman, Keuls (SNK) Multiple Range Test

(Sokal and Rohlf, 1969) was applied to the data. However, this was done only

for those sampling dates which had replicate samples for every station.

In an effort to look for general trends in the enumeration data, the

data were transformed (log1 0 ) and pooled by years and by stations. Two-way

analyses of variance were done on these pooled data sets with station and time

(both year and month) as the variables. Means were further compared using an

SNK multiple range test.

Periphyton community structure was analyzed using a diversity index

applying the following formula (Patten, 1962):

d -I: (ni/n) log2 (ni/n)

where, s = number'of genera;
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ni = number of individuals belonging to the i-h genus;,

n total number of organisms;

a = diversity per individual.

Similarity of periphytic communities among stations was determined

using a two-step approach. Sorenson's Quotient of Similarity, SQS (IfcCaln,

1975), was calculated to determine similarities based solely on

presence/absence of genera (qualitative characteristics of community

composition). A percentage similarity (PS) index (Pielou, 1975) was

calculated, also to determine similarities, based on both qualitative and

quantitative characteristics of community structure. In both cases, values of

70 percent or greater were assumed to show similarity.

SQS was calculated as follows:

SQS = 2s/(x + y) . 100

where, x = number of taxa at station x

y = number of taxa at station y

s = number of taea in common between

stations x and y

Percentage similarity index was calculated as follows:

PS = 200X1i min (Pix PiY)

where, Pix and Piy are the quantities of genus i at

stations X and Y as proportions of the quantities of all a

genera at the two stations combined.

If comparisons between two locations provided low SQS and PS values,

the communities were considered different. If SQS was high but PS low,

communities were composed of similar genera but differed either in absolute

cell density or in relative abundance of genera present. When SQS was low and
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PS high, communities were still considered similar because the low SQS

probably was related to random occurrence of rare genera which affects SQS

much more than PS. If both coefficients were high, communities were similar

in generic compositions, relative abundance of genera present, and absolute

cell number.

Correlation coefficients (Snedecor and Cochran, 1967) were calculated

on untransformed data to test for possible relationships between total

abundance and selected chemical parameters.

6.2 Results and Discussion

Periphyton is most commonly defined as the community of bacteria,

fungi, algae, and animals, as well as organic and inorganic detritus attached

to submerged substrata, with the substrata being inorganic, organic, alive or

dead (Weitzel 1983). It includes additionally, free living microorganisms

which swim or become entangled among the attached forms. However, for this

study only the algal portion of that community was considered.

Plankton, by its nature, being transported by flow and currents,

often does not respond entirely to pertubations in the environment for a

considerable distance downstream. Periphyton, on the other hand, being

attached can show immediate responses to these perturbations at the source and

thus can be useful as an indicator of water quality.

Periphyton taxa are somewhat selective to substrate type. Because of

this, to avoid introducing the variable of differing substrata in this study,

artificial substrates were used to provide uniform substrate type,

orientation, and size.
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Community Structure-.-During the six years of preoperational

monitoring, a total of 62 periphyton taxa were found in the vicinity of BLN.

These included 26 chlorophytes, 26 chrysophytes, 7 cyanophytes, and 3

euglenophytes (table 6-1). Temporal, spatial, and abundance information on

these taxa are presented in Appendix F.

Several of these taxa had only single temporal occurrences during the

study period and are shown below.

Location

Division

Chlorophyta

Chrysophyta

Cyanophyta

Euglenophyta

Most of these taxa are

Genus

Chlorella

Chodatella

Golenkinia

Gonium

Pandorina

Closteridium

Rhizoclonium

Tetraedron

Trochiscia

Asterionella

Dichotomococcus

Pleurosigma

Anabaena

Phacus

planktonic forms

Date C=Channel OB=Overbank

APR

KAY

JUN

APR

SEP

AUG

SEP

JUN

APR

APR

MAY

KAY

OCT

AUG

which

78 388.0 C, 396.8 C

75 391.2 C, 396.8 C

78 396.8 C

78 388.0 C, 391.2 C

78 396.8 C

83 391.2 C

78 396.8 C

78 396.8 C

78 388.0 C

82 389.9 0B

82 388.4 OB

74 391.2 C

76 388.0 C

83 388.4 OB, 389.9 0B

probably became entrapped in the

filamentous algal periphyton, a common phenomenon in habitats similar to those

surrounding BLN.
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Additionally, there were a few genera which occurred several times

during the study period but only in one habitat type. These are given below.

Division Channel Overbank

Chlorophyta Carteria

Chrysophyta Fragilaria Epithemia

Pinnularia

Rhiocosphaenia

There were 10 genera (table 6-2) which occurred as the single

dominant taxa throughout the study period. As the dominant genus, these taxa

accounted for 19.8 to 91.9 percent of the total periphyton community in any

sample. As the dominant form, these genera individually accounted for over 40

percent of the total abundance in 68.9 percent of the samples.

Range of Mean
No. of Times as Percentage of

Division Genus Dominant/Possible Total Abundance

Chlorophyta SpirLora 1/141 45.4%

Stigeoclonium 46/141 30.8-91.9%

Staurastrum 1/141 30.2%

Chrysophyta Achnanthes 58/141 19.8-86.37.

Cocconeis 22/141 28.6-75.0%

Gomphonema 4/141 26.6-48.1%

Melosira 5/141 20.2-51.1%

Navicula 1/141 31.67

Synedra 2/141 24.6-30.8%

Cyanophyta Oscillatoria 1/141 32.5%
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During the period 1974-1978 Achnanthes, a rheophilic chrys9phyte. was

the dominant genus in 51 percent of the channel samples and Stigeoclonium, a

rheophilic filamentous chlorophyte, was dominant in 21 percent of the

samples. This was reversed to some extent during the 1982-1983 study period

when Achnanthes was dominant in 28 percent of the samples and Stigeoclonium 48

percent.

The total number of taxa by each location over the study period is

shown in figures 6-1 through 6-7. At the channel stations, which were the

only ones studied throughout the entire 1974-1983 period, there was a general

increase in the number of taxa from 1974 to 1978 than a decline in 1982-1983

to levels similar to 1974-1975. The minimum number of taxa occurring at any

location for a collection period was five taxa. This occurred primarily in

1982 at several locations in June, at TRM 396.8 in August, and at TRM 388.4 in

October, as well as TRM 391.2 in June 1983. The maximum number of taxa was

found during September 1978 when 24 genera were found at TRW 396.8. The

number of taxa at overbank stations varied between 5 at TRM 386.4 and TRW

389.9 in June 1982 to 17 at TRW 389.9 in August 1983. As with the channel

stations, June had the lowest number of taxa in both 1982 and 1983.

The frequency of similar community structure among channel stations

was high (table 6-3) when considering only taxa (SQS) ranging from 68 percent

in 1976 to 100 percent in 1974, 1977, and 1983 as shown below. When both taxa

and abundance are considered (PS) the frequency of similarity was lower,

ranging from 25 percent in 1983 to 88 percent in 1974. There appears to be no

periodicity in the similarity of communities over time but TRW 396.8

frequently (43 percent frequency in the period 1974-1978 and 75 percent

frequency in 1982-1983 period) is dissimilar to the other channel stations
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according to the PS. When only taxa are considered (SQS) the frequency of

dissimilarity decreases to 15 percent in the 1974-1978 period and 13 percent

in the 1982-1983 period. This suggests that the taxa comprising this upper

channel station were similar to those of the lower stations, although there

are station differences in abundance of those taxa.

SOS

Year No./Possible %

1974

1975

1976

1977

1978

8/8

8/11

13/19

13/13

18/19

100

73

68

100

95

82

100

87

1982

1983

Overall

1982

1983

Overall

1982

1983

Overall

9/11

12/12

81/93

PS

No./Possible

Channel

7/8 88

5/11 45

11/19 58

6/13 46

11/19 27

Channel

3/11 27

3/12 25

46/93 49

Overbank

5/16 31

4/20 20

9/36 25

Channel vs Overbank

9/40 23

13/36 36

22/76 29

8/8

8/11

16/19

13/13

18/19

9/11

12/12

84/93

14/16

19/20

33/36

34/40

33/36

67/76

Either > 70%

No./Possible 7

100

73

84

100

95

82

100

90

88

95

92

85

92

88

13/16

19/20

32/36

81

95

89

83

89

86

33/40

32/36

65/76
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A high percentage of the overbank station comparisons were similar in

1982 mnd 1983 (81 and 95 percent, respectively) when genera presence/absence

is considered. The frequency, as with the channel stations, lowers when

abundance is also considered and ranges from 20 percent in 1983 to 31 percent

in 1982. This again suggests that the taxa in the algal portion of the

periphyton communities were similar but differed in abundance. There were no

discernable trends in the overbank community structure similarities over time

or by location.

When channel community structures were compared with overbank

community structures, the results were basically the same. The frequency of

similarity based on taxa comparisons were high (83 to 89 percent). When

abundance was also considered the frequency again decreased (23 to 36 percent)

further suggesting a possible difference based only on cellular abundance.

Diversity index values for the channel stations ranged from 0.80 in

July 1974 at TRJ 388.0 and TRW 391.2 to 2.99 in September 1976 at TRM 391.2

(table 6-4). The diversity index values for overbank stations varied from

0.57 at TRW 391.1 in April 1983 to 3.17 also at TRW 391.1 in April 1982.

Diversities at both the channel and overbank stations were usually high in

April (occasionally Nay), decreased to a low in June and then increased again

through August or September. In three years (1974, 1976, and 1983), there was

a slight decline in the October channel station diversities. The remaining

years had October channel station diversities similar to or higher than

September. The October decline occurred in both 1982 and 1983 at the overbank

stations. Although the range of overbank stations was larger than that of the

channel stations, the indices at the overbank stations were similar. Overall

diversities were highest during 1976 and lowest in 1974.
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Percentage composition of the periphyton communities by the three

major groups, chlorophytes, chrysophytes, and cyanophytes, is shown by

year in table 6-5. Channel stations were dominated by chrysophytee during

1974-1976 with the exception of TRM 388.0 in September 1974 when the

filamentous green alga, Stigeoclonium comprised 61.9 percent of the total

community. For this period of almost total chrysophyte dominance, the

dominant chrysophyte genera were Cocconeis and Achnanthes. During 1974

and 1975, Cocconeis was frequently (>50 percent of the samples) the

dominant chrysophyte, and comprised between 36.2 (September 1975) and 75

percent (July 1975) of the total community. However, during 1976 it was

never dominant, giving way to Achnanthes which made up between 26.1

(August) and 72.0 percent (Hay) of the community.

Beginning in 1977 and continuing through 1983, the channel

stations were dominated by chrysophytes early in the study year (April and

Hay). Chlorophytes began to dominate some channel stations in June and

continued to sporadically dominate or together with the chrysophytes

codominate the channel periphyton community through the end of the sample

year (October). Frequency of chlorophyte dominance at channel stations

ranged from 0 percent in 1976 and 1977 to 46 percent in 1983. Frequency

for chrysophyte dominance ranged from 46 percent in 1983 to 100 percent in

1975 and 1976. When chlorophytes dominated the community, the dominant

genus was Stigeoclonium in all but one set. Only in August 1977 at TRW

396.8 was another chlorophyte, Spirogyra, the prevalent chlorophyte at

channel stations.
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The predominant chrysophyte at channel stations from 1977 to 1983

was usually (71 percent frequency) Achnanthes. Other chrysophytes, which

were infrequently dominant, include Nelosira (at all channel stations on

April 1978 and at TRM 396.8 on August 1978), Cocconeis (TRM 388.0 on

September and October 1971 and September 1982), Gomphonema (April 1V77 at

TRN 396.8, May 1978 at TRN 388.0, and April 1982 at TRM 388.0), and

Synedra (April 1982 at TRNs 391.2 and 396.8).

Only once during the entire study was bluegreen (cyanophytes)

abundance large enough to numerically dominate the periphyton community.

This occurred at TRM 391.2 in Nay 1983 when together Lyngbya and

Oscillatoria comprised 37 percent of the community. The single

numerically dominant genus for this sample however was Stigeocloniura which

made up 34.6 percent of the cellular abundance.

Overbank stations exhibited similar community percentage

composition changes except that chlorophytes were predominant at all

overbank stations sampled in April 1983. The frequency of chlorophyte

dominance was less (19 percent) in 1982 than in 1983 (39 percent).

Cyanophytes were never the dominant group at overbank stations but tended

to form a larger portion of the periphyton abundance than at channel

stations, particularly in 1983. Cyanophytes occurred in 19 percent of

channel station samples in 1982-1983 and 34 percent of overbank station

samples.

"-Abundance--Because of the large number of sample sets with only

one replicate, the data were pooled as discussed in section 6.1 to iallow

some'statistical evaluation. Results of the two-way ANOVA's (tables 6-6

and 6-7) indicate there were significant differences in the periphyton
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communities studied over the entire preoperational monitoring period

Significant. interactions occurred between year and month as well as

station and month. Over the entire monitoring period when years are

pooled (table 6-6), two channel stations (TRM 388.0 and TRM 396.8) had

significantly higher total and chrysophyte abundances than all other

stations. Additionally, the third channel station (TRM 391.2) had

significantly higher abundances than the overbank stations but was

significantly lower in total and chrysophyte abundances than other channel

stations but similar chlorophyte abundances. For the overbank stations

TRM 388.4 had significantly lower total, chlorophyte, and chrysophyte

abundances than other overbank stations and was lowest overall. The

overbank station adjacent to the river channel, TRN 389.9, had

significantly greater abundance (total and chrysophyte) than overbank

stations which were isolated from the channel by strip of islands. These

stations with higher abundances, TRNs 388.0, 396.8, 391.2, and 389.9, are

stations which would experience higher flows. This would tend to

stimulate rheophilic taxa abundances which is typical for periphyton

communities.

When stations were pooled (table 6-7), total abundance was

highest In 1977 and 1978 (1,651-59,110/cm2 ) and lowest in 1974

(380-3,083/cm2 ). This trend was also true for chlorophyte and

chrysophyte abundances. Over the entire sampling period, there were

increasing significantly different total abundances from 1974 to 1976.

The total abundances continued to be significantly higher than preceeding

years in 1977 and 1978. The trend reversed in 1982 and 1983 with total

abundances for these years being similar to each other and significantly

higher than 1974-1976.
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Throughout the sampling years (when pooled), highest total

abundances occurred in June and July (mean abundance 8,043/cm2 , low9st

mean abundance 45/cm2 ). As expected, chrysophyte abundances werO higher

earlier in the year and declined through the end of the sampling year,

while chlorophyte densities tended to increase through the year.

When stations were compared by months with all years combiped,

channel stations were higher in total densities than overbank stations and

were usually significantly different from overbank.stations. However,

except for April, May, and July, there were also significant differpnces

among channel stations. Significant differences were also exhibited among

overbank stations. In July there were no overbank samples retrievable and

the channel stations exhibited no significant differences.

When the stations were combined and months were compared for each

year, total abundances were highest in June for 1976, 1977, 1978, and

1982; in April for 1983; in Way for 1975; and in July for 1974. Total

densities were lowest in September for 1975, 1982, and 1983 and in August

for 1974, 1976, and 1978. In April for 1977 (when samples from only one

station were collected), the mean density ranked lowest (3,978/cm2 ).

However, the lowest single density actually occurred in August 1977

(1,651/cm2 with a range to 4,343/cm2 ).

Table 6-8 presents the results of the one-way AROVA's and ONK

multiple range tests for each month alone when there were sufficient

replicates (i.e., 2). With the pooled data described above, no

significant differences for total or chlorophyte abundances were found

among channel stations in July 1974, 1976-1978 (July 1975 did not have
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sufficient replicate numbers and no samples were collected in July 198?

and 1983). There was a significant difference found in July 1914

Chrysophyta abundances when TRM 391.2 was significantly higher than TRW

388.0 and TRM 396.8. Additionally, no significant differences for total

abundances were found in May 1976-1978 and June 1978.

In 1982 channel stations tended to be higher in abundances than

overbank stations but not consistently. However, in 1983 the tendency was

reversed with channel station being lower (except August). In June 1983

total abundances at all stations were significantly different.

The total densities for major groups by river mile are

graphically shown by each sampling date in figures 6-8 through 6-50.

Figures 6-51 through 6-57 show total densities for all years at each

station for each sampling month. A comparison of mean densities (all

stations combined) for total numbers, chrysophytes and chlorophytes is

given in figure 6-58 and mean periphyton densities (all years combined) by

river mile for total numbers, chrysophytes and chlorophytes is given in

figure 6-59.

Several of the trends identified through the SNK multiple range

tests discussed previously are further illustrated in these figures.

Total abundance continually increased from 1974 through 1978 then began to

decline in 1982 and 1983 to levels somewhat higher than 1976 (figure

6-58). Beginning in 1976, chlorophytes became an increasing larger part

of the periphyton community through 1983, except for a slight decline in

1977. Except for April 1983, the chlorophytes did not start to

predominate in the community each year until June. In most of the
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sampling years cyanophytes did not constitute a large portion of the

community. There was an increase in the proportion of cyanophytes In 1976

and in 1983 when they predominated at TRK 391.2 in Nay and were present In

larger than usual proportions for the entire year.

Channel stations usually had higher total abundances than

overbank stations (figure 6-59). Chlorophytes constituted a larger

portion of the community on the overbank stations while chrysophyte

constituted a larger portion in channel stations.

When abundance data were compared with physical and chemical

information (chapters 1.0 and 4.0) several apparent relationships could be

seen (see below). There was a general increase in abundance as water

temperatures increased. This parallel increase usually continued until

the periphyton community had a late summer decline then increased again.

This was true except for 1983 when the abundance in April was highest for

the year. Total numbers exhibited a slight inverse relationship with both

pH and DO with these parameters increasing as total numbers decreased.

These were not consistently strong relationships with pH exhibiting the

relationship most strongly in 1974-1976 (correlation coefficients of

-0.33, -0.96, and -0.40, respectively) but DO exhibiting these

relationships best'in 1976 and 1982 (-0.39 and -0.56, respectively) but

having a direct relationship In 1983 (0.62). Parameters which did not

exhibit any trends with total abundance included total organic carbon,

alkalinity, turbidity, nitrogen (both elemental and NO 2-NO 3) as well

as total and dissolved phosphorus. The strongest relationship with
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chemical factors existed between total abundance and NH 3_NH 4 with

correlation coefficients varying from 0.22 In 1983 to 0.83 In 1978. There

was an inverse relationship In 1982 with a correlation coefficient of

-0.68.

Correlation Coffecients of Total Abundance With

Ammonia

Year TOC Nitrogen Dissolved Oxygen Nitrogen pH

1974 -0.33

1975 -0.54 -0.14 0.26 0.47 -0.96

1976 0.00 -0.10 -0.39 0.56 -0.40

1977 0.53 -0.71 0.24 0.64 0.44

1978 0.20 -0.39 -0.24 0.83 -0.24

1982 -0.04 0.55 -0.56 -0.68 -0.29

1983 0.11 0.21 0.61 0.22 0.19

Total abundance also seemed to exhibit relationships with the

physical parameter of flow and solar irradiation. Highest total

abundances occurred in years of lowest flow and vice versa. As shown

below. except for 1976 and 1977 this was true for the mean total abundance

and the mean yearly flow.

Mean Total Abundance Increasing
Year 1974 1975 1976 1982 1983 1977 1978

Mean Yearly Flow Decreasing
Year 1974 1975 1977 1982 1983'. 1976 1978

In the years 1977 and 1978, there were longer periods of higher solar

Irradiation (figures 2-5 and 2-6) during the sampling years

(March-October) than in other years. These were the two years of highest
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total abundance for the periphyton communities. Since light is necessary

for growth of this community these periods of higher total amount ot

irradiation and less flow (probably less scouring) may have sigliflfaittly

affected the communities.

Autotrophic Indices--Chlorophyll a being the primary

photosynthetic pigment for green plants is useful as an index of the

productivity of the periphyton community. The ratio of ash free dry

weight to chlorophyll, i.e., autotrophic index (Al), has been increasingly

used to indicate periphyton community structure (Weitzel 1979).

Additionally, it has been used to indicate changes in the ratio of the

primary producing portion (autotrophic) to the consuming portion

(heterotrophic) of the community in response to environmental

perturbations. Theoretically, an organic influx to the system, for

example, will shift the community from a producing (autotrophic) phase to

a consumptive (heterotrophic) phase, causing an increase in the AI.

Normal Al values range from 50 to 200 with larger values generally assumed

to indicate a decline or poor water quality (Standard Methods, 1985).

However, a problem with this index is the presence of nonviable organic

material. Large amounts, which may be normal for the community in a

particular location or growth habit, will increase the amount of ash-free

dry weight, thereby, greatly increasing the AI value (Grzenda and Brehener

1960).

Chlorophyll a degrades into several by-products, the major one

being phaeophytin a. Because phaeophytin a absorbs in the same spectral

region as chlorophyll a, the concentration of chlorophyll a can be
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overestimated, if not corrected for this. Additionally, the ratio of

active pigment, chlorophyll a to degradation product, phaeophytin a can be

useful in assessing the health of the community. Therefore, beginling in

1975, the chlorophyll a concentrations were corrected for phaeophytin a

and the phaeophytin index was calculated. Also beginning in 1975 the

autotrophic indices were calculated using chlorophyll a which had been

corrected for the concentration of phaeophytin a.

The ash-free dry weight (AFDW) and phytopigment information for

individual samples are in Appendix G. Mean values for each sampling

location by sampling dates for AFDW, corrected chlorophyll a, AI's and

phaeophytin indices are in Appendix H.

Because of the large number of replicate autotrophic samples

taken at each sampling site each collection period, unlike the abundance

data there were no problems in subjecting the data to one-way ANOVA's and

SNK multiple range tests. Results of these tests are in table 6-9. From

1974 to 1978, 18 out of the 31 (58 percent) sampling dates had no

significant difference among channel stations for Al values, two sampling

dates (6 percent) had significant differences among all channel stations

and the remainder (36 percent) had two channel stations similar which were

significantly different from one other channel station. During the

1982-1983 sampling period, channel and overbank stations were not

significantly different on six (50 percent) sampling dates, April, June,

and September, 1982; May, June, and October 1983. In the remainder of

cases when both channel and overbank stations were collected, there were

significantly different AI values but there were no consistent trends
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among stations. There were fewer occasions of similar corrected

chlorophyll a (CCA) and ash-free dry weight data for all channel

stations. ,Between 1974-1978, 42 percent of the CCA and 35 perceht bf the

AFDW sample sets had no significant differences. As with the AI values,

in .1982-1983 there were no consistent trends for differences among ihannel

and overbank stations.

Over the study period, mean corrected chlorophyll a value- for

channel stations were lowest in 1982 ranging from0.6 to 43.9 mg/m 2 in

Ocbober and April, respectively. Highest mean values were 'ound in 1978

when mean corrected chlorophyll a varied from 9.5 to 143.8 mg/m 2 in kay

and June, respectively. Mean values for the overbank stations Wre both

lowest and highest in 1983 when concentrations were 1.0 to 89.3 m1g/0 in

October and April, respectively. Ranges for these and rfihitinhg y~aru are

shown below.

Mean Corrected Chlorophyll a (jftm 2)

Channel OVerbatk

Year Range Months Range Months

1974 7.8-150.8 May/Jun

1975 2.3- 63.5 Nay/Jun

1976 1.5- 51.5 Oct/Aug

1977 20.0-138.5 Apr/Oct

1978 9.5-143.8 May/Jun

1982 0.6- 43.9 Oct/Apr 1.5-55.9 Adig/Apt

1983 1.4- 62.0 JUn/Apr 1.0-89.3 Oct/Apt

258



There were no consistent periodic trends by year for the corrected

chlorophyll a data, i.e., no month was consistently highest or lowest.

However, May and June were the low and peak, respectively, of

chlorophyll a concentrations in 1974, 1975, and 1978 while April was the

month of lowest concentration for both channel and overbank stations

during 1982 and 1983. Except for 1974 when chlorophyll levels were

highest and total abundance was lowest these two parameters are in good

agreement. As total abundance increases so do the corrected chlorophyll a

concentrations. This is also true for the decreases in total abundance.

Mean ash-free dry weights were somewhat more consistent with

lowest weights occurring early in the year (April, May, or June) and

highest weights occurring later in the year. This was reversed for the

overbank stations in 1982. Mean ash-free dry weights for channel stations

were lowest in 1974 ranging from a low of 948.6 to a peak of 6,482.9

mg/im2 in May and June respectively, while 1982 AFDW values were

similarly low ranging from 300.2-6,019.6 mg/m2 in April and September,

respectively. Mean values for AFDW were highest overall in 1976 ranging

from 2,100.4 to 10,525.3 mg/M2 in May and June, respectively. There

were occurrences of single-sample values higher than these, e.g., mean

AFDW of 211,808.2 mg/M 2 in August of 1983 at TRN 388.0. Mean AFDW

values for overbank stations ranged from 646.4 mg/Mi in August 1982 to

22,202.4 mg/M2 in May of the same year as shown below.
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Mean Ash-Free Dry Weight (mg/m 2 )•

Channel Overbank

Year Range Months Range HonU10'

1974 948.6- 6,482.9 May/Aug

1975 462.3- 7,801.7 Apr/Jun

1976 2,100.4-20,525.3 May/Jun

1977 2,424.5-11,441.8 Jun/Oct

1978 1,532.5-11,824.2 May/Jun

1982 300.2- 6,019.6 Apr/Sep 646.4-22,202.4 Aug/May

1983 5.54.3-72,855.5 Jun/Aug 1,014.5-10,036.3 Jun/Aug

The ratio of the proceeding parameters constitutes the

autotrophic index which, as mentioned earlier, varies between 50 and 200

for natural waters with occasional increases due to presence of nonviable

organic material. During the study, mean Al values at the channel

stations were lowest in 1974 ranging from 27.4 to 123.2 in June and May,

respectively as shown below.

Mean Autotrophic Indices

Year

1974

1975

1976

1977

1978

1982

1983

Channel

Range Months

27.4- 123.2 Jun/May

100.8- 327.4 May/Aug

75.0-1,023.6 Jul/Jun

57.3- 228.3 May/Jul

38.4-1,858.7 Apr/May

84.9- 930.0 Apr/May

103.3-4,417.9 Jun/Aug

Overbank

I MonthsRange

131.1-4,286.6

100.9-6,789.8

Jun/may

Apr/Oct
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The AI values increased through 1976, declined in 1977 then

continued to rise through the rest of the study period. In 1983 the Al

values were highest with mean values ranging from 103.3 to 4,411.9 In June

and August, respectively. Mean values for the overbank stations ranged

from 100.9 to 6,789.8 in April and October 1983. At the channel stations

AT values were usually highest early in the year (April, May, June) but

usually varied thereafter. This was not true for the overbank stations

which exhibited no consistent trends.

The AI values in 1982 and 1983 are skewed by the presence of a

few samples in both years with large amounts of ash-free dry material

(which could be nonviable organic material) and somewhat lower

chlorophyll a values. This happens at both channel and overbank

stations. Even with these samples removed, however, the Al values

generally increased to highest levels in 1982 and 1983.

Interestingly, the phaeophytin index (PI), a ratio of

chlorophyll a to phaeophytin a, its major degradation product decreases

steadily from 1975 (the first year it was calculated). In 1975

approximately 94 percent of the samples had PI values greater than or

equal to 1.6, usually considered to indicate healthy, rapidly growing

algal communities. The mean PI values continually decreased through the

years reaching the lowest collective point in 1983 when only 42 percent of

the samples had PI greater than or equal to 1.6. This suggest some

factor, which was increasing in strength, may have been stressing the

periphytic algal phytopigments throughout the study reach. This is

particularly apparent for the 1982-1983 period, when corrected
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chlorophyll a concentrations were low and variable among stations add the

amount of phaeophytin a was highest in proportion to the active pigraent

chlorophyll a.

The slight increase in BOD, TOC, and nitrogen concentrations

between 1978 and 1982-1983 were the only discernable changes in the

chemical parameters which could affect growth of the community and

therefore the PI and Al. However, increases in nitrogen would tend to

stimulate the growth of algae, increasing chlorophyll a concentrations and

increasing the P1 values. In a carbon-limited system, if present here,

the increased levels of organic carbon should have a similar responde as

nitrogen. If the reservoir system is not carbon-limited, this increase in

organic materials could be stimulating the heterotrophid portions of the

periphyton. This in turn would cause Increases in the AI values. The

cause of this decline in algal "health" and the apparent increase in

heterotrophism in the periphyton community is not discernable.

6.3 Summary and Conclusions

The periphyton community in the vicinity of BLN was sampled using

artificial substrates during preoperational monitoring from 1974 through

1983. Between 1974 and 1978, only stations in the Tennessee River channel

were sampled, TRE 388.0, 391.2, and 396.8. After the plant diffuser was

redesigned, the potential for thermal or chemical plume influence oh the

left overbank was created. Because of this, the sampling protocol

included stations on the left overbank, TRK 386.4, 388.4, 389.9, and 391.1

when it resumed in 1982. Samples were analyzed for genera present dnd
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cellular abundance of algal periphyton, as well as periphyton autotrophic

indices, a ratio of ash-free dry material to active (excluding

phaeophytin a) chlorophyll a.

During the six years of preoperational monitoring a total of 62

periphyton genera were found and included 26 chlorophytes, 26

chrysophytes, 7 cyanophytes, and 3 euglenophytes. Of the 62 genera found,

14 genera (9 chlorophytes, 3 chrysophytes, 1 cyanophyte, and 1

euglenophyte) occurred only in one collection month. Host of these 14

genera were planktonic forms which had become entangled in the filamentous

periphytic algae.

The periphyton communities throughout the study period had 10

genera which were the dominant taxa, accounting for 19.8 to 91.9 percent

of the total abundance in any sample. Several were dominant in only one

or two sample sets, Spirogyra (1), Staurastrum (1), Navicula (1),

Oscillatoria (1), and Synedra (2). The chrysophytes Gomphonema, Melosira,

and Cocconeis were dominant in 4, 5, and 22 sample sets, respectively.

Stigeoclonium, a rheophilic filamentous chlorophyte, was predominant in 46

sample sets and Achnanthes, a rheophilic chrysophyte, was the most

numerous genus in 58 sample sets. Of the two latter genera, Achnanthes

was predominant in 51 percent of the samples from 1974-1978 and

Stigeoclonium in 21 percent. This reversed in 1982 and 1983 when

Stigeoclonium was most numerous in 48 percent of the sample sets and

Achnanthes in 28 percent.
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At the channel stations there was a general increase in numbers

of genera from 1974 to 1978 then a decline in 1982 and 1983 to levels

similar to 1974-1975. The number of taxa at channel stations ranged from

5 in June and August 1982 at TRM 396.8 and June 1983 at TRM 391.2 to 24 in

September 1978 at TRM 396.8. Overbank stations had the minimum number of

taxa. 5, at TRNs 386.4 and 389.9 in June 1982 and the maximum number, 17,

at TRM 389.9 in August 1983.

When compared using SQS, the community structure at channel

stations was similar in a minimum of 68 percent of the sample sets where

comparisons were possible in 1976 to a maximum of 100 percent of the

sample sets in 1977 and 1983. When both taxa and abundance were

considered (PS), the frequency of similarity was lower ranging from 25

percent in 1983 to 88 percent in 1974. In these comparisons the uppermost

channel station, TRM 396.8, was frequently dissimilar to the other channel

stations according to the PS index but this was not so when only taxa were

considered indicating similar genera, but differing cell abundances. As

with channel stations, a high percentage of overbank stations had similar

genera composition (81 percent in 1982, 95 percent in 1983) but differing

total abundances. This also held true when channel and overbank community

structure was compared again indicating similar taxa but different

abundances.

Diversities at both channel and overbank stations were usually

high in April (occasionally Nay), decreased to a low in June and then

increased again through August or September. Over all stations, the

diversities were highest during 1976 and lowest in 1974. The diversity
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index values for channel stations ranged from 0.80 in July 1974 to 2.99 in

September 1976 while diversity index values for overbank stations ranged

from 0.57 in April 1983 to 3.17 in April 1982.

Channel stations had chrysophytes as the dominant group during

1974-1976, with Cocconeis and Achnanthes the predominant forms. Beginning

in 1977 and continuing through 1983, chrysophytes dominated early in the

year, in June chlorophytes began to dominate at some stations and both

groups were intermittently dominant for the remainder of the year. When

chrysophytes were dominant, Achnanthes was usually the most predominant

diatom, while Stigeoclonium was the predominant chlorophyte taxa when

chlorophytes were dominant. Only once, May 1953 at TRM 391.2, were

bluegreens (cyanophytes) numerically abundant enough to predominate.

However, the dominant taxa for this sample set was Stigeoclonium.

Overbank stations exhibited similar percentage composition changes as

channel stations except that chlorophytes were predominant at all overbank

stations in April 1983 and cyanophytes were never the predominant group.

Abundance data were pooled, either by combining years or stations

analyzed statistically and several facts were elucidated. When years were

combined, the total abundance at TRM 388.0 and 396.8 were similar and

highest, ITR 391.2 had different densities which were somewhat lower. All

channel stations had significantly higher abundances than overbank

stations with TRW 388.4 having lowest abundances and being significantly

different from other overbank stations. Chrysophytes began the sampling

year with high numbers which decreased through the year while the opposite

was true for chlorophytes. When stations were combined, total abundances
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were highest and were similar in 1977 and 1978, whereas abundances for

1982 and 1983 were similar and significantly lower than 1977-1978. The

remaining years 1976, 1975, and 1974 had decreasing abundances,

respectively, and were significantly different. The abundances were

usually highest in June and lowest in September or October.

Abundance data for each month were also statistically analyzed

individually. There were no consistent trends for either overbank or

channel stations, except that channel stations were similar each July when

sufficient replicates were present to run statistical analyses, July 1974,

1976-1978.

Abundance data did not correlate with most of the water chemistry

data. There were weak inverse correlations with pH and dissolved oxygen

and fairly strong direct correlation with the concentrations of ammonia

nitrogen. There were stronger relationships with flow, with highest

abundances in years of lowest flow and vice versa. There was also a

relationship with solar irradiation where years of highest total

abundances (1977-1978) were also years of longer period of high levels of

solar irradiation.

Results of one-way ANOVA's on the autotrophic index data showed

that the channel stations: (1) were not significantly different in 58

percent of the months, (2) were all significantly different in two months

(six percent), and (3) in the remainder two stations were similar but

different from the third channel station. When channel and overbank

stations were compared, 50 percent of the months were not significantly

different. The other half of the sample months had varying results, but

usually some overbank and some channel stations were similar.
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The corrected chlorophyll a (CCA) was lowest in 1982 samples and

highest in 1978 samples for channel stations. Overbank stations had

highest and lowest CCA values in 1983. There were no consistent periodic

trends for the CCA but this parameter, except for 1974, did exhibit a

strong direct relationship with total abundance. The phaeophytin index

(PR), the ratio of active chlorophyll a to its degradation product,

phaeophytin a, was highest in 1975 indicating healthy algal populations.

The PI declined steadily from 1975, the first calculated, to the lowest

values for the study in 1983.

Ash-free dry weight data did have more consistent trends. Values

were usually lowest early in the year (April-June) then higher the

remainder of the year. The AFDW data for the channel stations was lowest

in 1974 and 1982 and highest in 1976. The overbank stations had both

highest and lowest AFDW data in 1982.

AT values for the channel stations were lowest in 1974, increased

through 1976, declined in 1977 then continued to rise steeply for the

remainder of the study. There was no logical correlation of this steep

rise with any chemical data other than noting a general rise in the levels

of TOC, organic nitrogen, and BOD which may have given rise to the

increased AT values.

Values for channel station Al's were usually higher early in the

year then became inconsistent for the remainder of the year. The Al

values for overbank stations were highest and lowest in 1983. Both 1982

and 1983 overbank AI values were generally similar to the channel

stations, but exhibited no trends.
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Through the monitoring period, periphyton abundance has exhibited

a long term cycle with 1974 as the nadir and 1978 as the peak. Any

comparison of abundances in the future with these must consider such

apparent cycle. During this time, chlorophytes have occupied increasingly

larger portions of the periphyton community and cyanophytes have only

rarely been significant. Genera composing the periphyton assemblage at

anytime were similar; however, there were differences in the abundances of

these genera, usually with channel stations having more dense

populations. Trends in chlorophyll levels were usually in good agreement

with those of total abundances. However, there was a general increase

through the years of phaeophytin a levels. Autotrophic indices were very

variable for each station through 1977, then began to increase through

1983. Reasons for this increase may be a shift toward more heterotrophic

growth because of apparent increases in organic materials (suggested by

increases in TOC and BOD ). This too may be part of a reservoir cycle

as was suggested for the total abundance. This possible cyclic nature in

the ratio of periphytic autotrophs to heterotrophs should also be

considered when future Al values are compared to these.

Overall, the periphyton community is relatively healthy,

exhibiting typical densities, taxa, and abundances for this portion of the

mainstream Tennessee River system.
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Total Number of Periphyton Taxa Collected at TRM 388.0 in the Vicinity of Bellefonte Nuclear Plant,
Guntersville Reservoir, During Preoperational Monitoring, 1974-1983.
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Figure 6-8. Periphyton Densities by Major Group Collected in May 1974 in the Vicinity of

Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational
Monitoring.
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Figure 6-9. Periphyton Densities by Major Group Collected in June 1974 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational
Monitoring.
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Periphyton Densities by Major Group Collected in July 1974 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.

Figure 6-10.
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Figure 6-11; Periphyton Densities by Major Group Collected in August 1974 in the Vicinity ofBellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational
Monitoring.
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Figure 6-12. Periphyton Densities by Major Group RLoe&cteLin September 1974 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational
Monitoring.
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Figure 6-43. Periphyton Densities by Major Group Collected in May 1975 in the Vicinity of

Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Densities by Major Group Collected in June 1975 in the Vicinity of
Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-15. Periphyton Densities by Major Group Collected in July 1975 in the Vicinity of

Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Periphyton Densities by Major Group Collected in August 1975 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.

Figure 6-16.
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Figure 6-17. Periphyton Densities by Major Group Collected in September 1975 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-18. Periphyton Densities by Major Group Collected in April 1976 in the Vicinity of

Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-19.
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Periphyton Densities by Major Group Collected in May 1976 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville.Reservoir, During Preoperational Monitoring.
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Figure 6-20.
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Periphyton Densities by Major Group Collected in June 1976 in the Vicinity of.

Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-21. Periphyton Densities by Major Group Collected in July 1976 in the Vicinity of

Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-22.. •Periphyton Densities by Major Group Collected in August 1976 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-23. Periphyton Densities by Major Group Collected in September 1976 in the Vicinity of

Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.



PERIPHYTON DENSIT7ES - OCTOBER
(NUMBER/SQ CM)

1976

CHLORO CHRYSO CYANO OTHER

NO/SQ CM

?Q

8000

7000

6000

5000

4000

3000

2000

1000

0
388.0 391.2 396.8 386.4 388.4 389.9 391.1

Figure 6-24.
RIVER MILE

Periphyton Densities by Major Group Collected in October 1976 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-25. Periphyton Densities by Major Group Collected in April 1977 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-26. Periphyton Densities by Major Group Collected in May 1977 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-27. Periphyton Densities by Major Group Collected in June 1977 in the Vicinity of

Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-28. Periphyton Densities by Major Group Collected in July 1977 in the Vicinity of.
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-29. Periphyton Densities by Major Group Collected in August 1977 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Periphyton Densities by Major Group Collected in September 1977 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.

Figure 6-30.
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Figure 6-31. Periphyton Densities by Major Group Collected in October 1977 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-32. Periphyton D2ensities by Major Group Collected in April 1978 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.



PERIPHYTON DENSITIES - MAY
(NUMBER/SQ CM)

1978

CHLORO CHRYSO CYANO OTHER

. . . .l -
NO/SQ CM

CIO
0
I-A

100000

10000

1000

100

10

388.0 391.2 396.8 386.4 388.4 389.9 391.1
RIVER MILE

Figure 6-33. Periphyton Densities by Major Group Collected in May 1978 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.



PERIPHYTON DENSITIES - JUNE
(NUMBER/SQ CM)

1978

CHLORO CHRYSO CYANO OTHER

NO/SQ CM
100000

10000

0
1000

100

10

1
388.0 391.2 396.8 386.4 388.4 389.9 391.1

RIVER MILE

Figure 6-34. Periphyton Densities by Major Group Collected in June 1978 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-35. Periphyton Densities by Major-Group Collected in July 1978 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-36. Periphyton Densities by Major Group Collected in August 1978 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.



PERIPHYTON DENSITIES - SEPTEMBER 1978
(NUMBER/SQ CM)

CHLORO CHRYSO CYANO OTHER

NO/SQ CM
100000

10000

1000

/A

100

1OO0

/A

* / !

, /, A .

10 /' "/

* / /

1 ... r"

388.0 391.2 396.8 386.4 388.4 389.9 391.1
RIVER MILE

Figure 6-37. Periphyton Densities by Major Group Collected in September 1978 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-38. Periphyton Densities by Major Group Collected in October 1978 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-39. Periphyton Densities by Major Group Collected in April 1982 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-40. Periphyton Densities by Major Group Collected in May 1982 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-41. Periphyton Densities by Major Group Collected in June 1982 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-42. Periphyton Densities by Major Group Collected in August 1982 in the Vicinity of

Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-43. Periphyton Densities by Major Group Collected in September 1982 in the Vicinity of

Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-44. Periphyton Densities by Major Group Collected in October 1982 in the Vicinity of

Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-45. Periphyton Densities by Major Group Collected in April 1983 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-46, Periphyton Densities by Major Group Collected in May 1983 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-47. Periphyton Densities by Major Group Collected in June 1983 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Figure 6-48. Periphyton Densities by Major Group Collected in August 1983 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.
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Periphyton Densities by Major Group Collected in September 1983 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.

Figure 6-49.
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Figure 6-50. Periphyton Densities by Major Group Collected in October 1983 in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring.



PERIPHYTON TOTAL DENSITIES - APRIL
(ALL YEARS)

IOS OC

0
wJ
to

1983

1982

1978

1977

1976

1975

1974

Figure 6-51.

100000

90000

80000

70000

60000

50000

40000

30000

20000

10000

0

Mean Total
Bellefonte
1974-1983.

JO/SQ CM

D]7
388.0 391.2 396.8 386.4 388.4 389.9 391.1

RIVER MILE
Periphyton Densities for the Month of April Collected in the Vicinity of
Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring,
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Figure 6-52.

ALL YEARS
Mean Total Periphyton Densities for the Month of May Collected in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring,
1974-1983.
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Figure 6-53. Mean Total Periphyton Densities for the Month of June Collected in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring,
1974-1983.
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Figure 6-54. Mean Total Periphyton Densities for the Month of July Collected in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring,
1974-1983.
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Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring,
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PERIPHYTON TOTAL DENSITIES - SEPTEMBER
(ALL YEARS)

NO/SQ CM
1983

1982

1978

1977

1976

1975

1974

100000

90000

80000

70000

60000

50000

40000

30000

20000

10000

0 -I-

388.0 391.2 396.8 386.4
RIVER MILE

388.4 389.9 391.1

Figure 6-56. Mean Total
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Periphyton Densities for the Month of September Collected in the Vicinity of
Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring,
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Figure 6-57. Mean Total Periphyton Densities for the Month of October Collected in the Vicinity of
Bellefonte Nuclear Plant, Guntersville Reservoir, During Preoperational Monitoring,
1974-1983.
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in the Vicinity of Bellefonte Nuclear Plant, Guntersville Reservoir During Preoperational
Monitoring, 1974-1983.
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7.0 BENTHIC MACROINVERTEBRATES

7.1 Materials and Methods

Field--Preoperational benthic studies were conducted from 1974

through 1978 and during 1982 and 1983 on a monthly basis from February

through October each year. Beginning in March 1978 benthic monitoring

was expanded beyond the mainstream channel to include the left overbank

habitat because it was determined that this area could be exposed to the

BLN thermal/chemical plume under low and reverse flow conditions. Left

overbank stations were located at TRls 386.4, 388.4, 389.9, and 391.1;

channel stations were located at TRMs 388.0, 391.2, and 396.8

(figure 7-1).

Ten Ponar grab samples were collected at each station. Samples

were washed over a standard number 35 mesh (589 Um opening) brass

screen to remove clay, silt, and fine sand particles. Residue was placed

In plastic bags, tagged, preserved with 70 percent alcohol, and returned

to the laboratory for processing. Sediment samples were collected

concurrently with macroinvertebrate samples to characterize benthic

substrates and better assess effects of substrate differences upon the

macroinvertebrate data.

From 1974 through 1979 artificial substrates (wire barbeque

baskets--volume 7675 cms, filled with washed river rocks) were also

used to collect macroinvertebrates at each channel station. These

samplers were allowed to colonize on the bottom for approximately one

month. After retrieval, the baskets were opened and the rocks were



placed on a standard number 35 mesh wash screen and rinsed with water.

After removal of the organisms by washing and handpicking, the rocks were

discarded and the organisms and debris were placed in plastic bags,

labeled, preserved with 10 percent formalin and returned to the

laboratory for processing. Although preoperational monitoring was sus-

pended after the October 1979 survey, artificial substrate sampling was

continued the first several months (February through May) in 1980 as part

of the construction effects monitoring program. Artificial substrate

sampling was terminated in May 1980 following approval of TVA's recom-

mendation which followed evaluation of 1974-1979 construction effects

data. The 1980 artificial data are included in this report.

Laboratory--Macroinvertebrate samples were rewashed with water

over a standard number 30-mesh screen, placed in white enamel trays,

separated from remaining detrital material, transferred into vials, and

preserved with a solution of 70 percent ethyl alcohol and 5 percent

glycerine. Macroinvertebrates were classified to the lowest taxon

practicable and enumerated. References used in identification include

numerous taxonomic keys which are on file at the Benthic Laboratory in

the E&D Building in Muscle Shoals, Alabama.

Data Analyses--Enumeration data were converted to number of

organisms per square meter. Spatial and temporal comparisons were made

for total macroinvertebrates and dominant taxa (Hexagenia and Corbicula

manilensis).

Spatial comparisons utilized Sorensen's Quotient of Similarity

(SQS) as described by McCain (1975) to evaluate differences among
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stations based on community structure. A criterion of 70 was chosen as

an estimate of similarity. Values less than 70 would indicate different

communities based upon taxonomic structure (SQS). Diversity indices

(Patten, 1962) were calculated to determine community diversity at each

station. Graphical comparisons of stations were made over time for total

and dominant group densities.

Sediment samples which were collected from channel stations

during 1974-1979, primarily were intended to support the construction

effects monitoring program and are discussed in detail in TVA's construc-

tion assessment (TVA 1980). Although additional sediment samples were

collected through 1983, they are not discussed as part of this preopera-

tional assessment, but are available for future use.

7.2 Results and Discussion

A total of 138 of aquatic macroinvertebrate taxa was collected

and identified at the seven localilties monitored from 1974 to 1983. One

hundred-ten taxa were recorded from the three channel stations

(tables 7-1 and 7-2), while 113 were recorded from the four overbank sta-

tions (table 7-1). These two major habitat types had 86 taxa in common

(62.3 percent of the total number). Twenty-one taxa were found in the

channel that were not found in the overbank (table 7-3) the majority of

these being rheophilic species. The majority were caddisflies (5),

stoneflies (2), mayflies (2), and crayfish (2). Twenty-five taxa were

found in the overbank that were not found in the channel (table 7-3),

most of which are limnophilic. The majority were dragonflies (5),
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mussels (3), chironomids (3), and snails (2). The spatial and seasonal

trends in numbers of taxa and populations and the dynamics of dominant

taxa are discussed separately for channel and overbank. The faurm at BLN

was very similar to that in the vicinity of the Murphy Hill site

(TRM 368.5 to 371.5), as 87 percent of the taxa reported from that site

for 1981-1982 (TVA, 1983) were found near BLN.

The Channel Fauna--Based on Ponar grab sampling, the average

density (no./m') of benthic macroinvertebrates increased markedly in

the channel with time (figure 7-2), although there were differences among

stations. At TRM 388.0, mean number per mZ in 1977 more than doubled

over the previous three years; the mean numbers increased further in

1978, thereafter leveling off. Mean numbers per m2 at TRM 391.2 and

TRM 396.8 were lower than at TRM 388.0 and did not increase markedly

until 1982, when values more than tripled. Seasonal trends in benthic

macroinvertebrate density were not evident at any station (figure 7-3).

Mean density at TRM 388.0 was consistently higher than at the other two

stations each month sampled.

The number of taxa found per year (based on Ponar samples)

increased at each station from 10 or less in 1974 to 40 or more in 1983

(figure 7-4). The mean number of taxa collected per month increased con-

comitantly (figure 7-4) with a sharp rise at all three stations ftom 1979

to 1982. The station at TRM 388.0 generally had a few more taxa than the

other two stations (table 7-4). No significant seasonal trend in number

of taxa was found over the eight-year monitoring period (figure 7-5).

The general trend of an increase in macroinvertebrate abundance

and in the number of taxa from 1974 to 1983 at all three channel stations
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is substantiated by the diversity index values (table 7-5). A gradual

increase in diversity values occurred at TRM 388.0 and 396.8 in 1977.

From 1978 on, diversity values increased at all three stations. The

increases in the overall values of diversity indices for each year are

shown in figure 7-6.

The seasonal trend in diversity varied with station locality.

At TRM 388.0, diversity values were usually highest in spring and fall

months, with lower summer values. At TRN 391.2, diversity was usually

highest in summer months. At TRM 396.8, the high values were more

variable but occurred more often in spring months. Combining all sta-

tions and years, diversity was lowest in March (average diversity index =

1.22) and highest in July (average diversity index = 1.66).

Results of the SQS analysis were variable depending on samplng

date. When the data were combined on a yearly basis, the station at

TRM 388.0 appeared to be similar to the station at TRM 391.2

(table 7-6). The station at TRN 396.8 was similar to TRM 388.0 only in

1976 and 1977, and similar to TRM 391.2 only in 1976 and 1983. The SQS

values for 1983 showed that all three stations were similar to each other

(> 70 percent).

The dominant taxon (based on frequency of occurrence in Ponar

samples and numerical abundance) at all three stations from 1974 to 1979

was Corbicula manilensis (table 7-7). Two oligochaete worms, an uniden-

tified Tubificidae and Branchiura sowerbyi, were usually next in ranking;

the tubificids were usually more abundant, whereas Branchiura occurred in

more samples. These three taxa were the only ones found at every station
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every year sampling was conducted. Hexagenia ranked as high as third

only at TRM 388.0 in 1975, 1978, and 1979. However, in 1982 and 1983,

Hexagenia became the dominant taxon at all three stations (table 7-7) as

Corbicula population estimates declined. Examination of the population

trends of these two taxa throughout the study period shows an increase in

Corbicula at TRM 388.0 from 1977 through 1979, followed by sharp

decreases in 1982 and 1983 (figure 7-7). In contrast, populations of

Hexagenia have increased steadily at TRM 388.0 on an average yearly basis

(figure 7-10), although seasonal fluctuations are great due to the life

cycle of these insects. Typically the population is large in spring

until mid-June when emergence to the adult stage begins. The population

of nymphs then declines through the summer months as emergence con-

tinues. By late summer and early fall (September and October) the popu-

lation again increases as eggs hatch. In fall and winter, the population

decreases somewhat due to predation pressure on the young nymphs. This

annual pattern is evident in figures 7-10, 7-11, and 7-12. The Corbicula

populations at TRM 391.2 and 396.8 were more stable on the average

throughout the monitoring period (figures 7-8 and 7-9). Another taxon

which increased markedly at TRM 388.0 and 396.8 was Ganmmarus, ranking

second in 1983.

Considering data from only the Ponar sampling, taxa that were

not found at any of the channel stations from 1974-1979 but that were

picked up in the 1982 and 1983 surveys include Amnicola, Baetidae,

Berosus, Clinotanypus, Elmidae, Erpobdellidae, Ferrissia, Gammarus,

Glossiphoniidae, Goniobasis, Gyraulus, Hydroptila, Macromia, Molonna,
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Naididae, Nemata, Nigronia, Oecetis, Paratendipes, Pectinatella,

Phylocentropus, Proptera, Psidiu , Somatogyrus, Stenochironomus,

Taphromysis, Triaenodes, Tribetos, Viviparus, and Xenochironomus. Some

of these taxa were rarely collected and their scarcity could account for

sampling error prior to 1982. However, the appearance of approximately

30 recent colonizers compared to only 12 taxa which were not collected

since 1979 (see table 7-1) indicates an appreciable change in the channel

macroinvertebrate community, and largely accounts for the increase in

diversity.

The dominant taxa in the artificial substrate samples from the

three channel stations are ranked in table 7-8. Shifts in the order of

dominance from year to year were common. At TRN 388.0, the caddisfly

Cyrnellus fraternus and the amphipod Hyalella azteca were usually the

most abundant taxa until 1980 when the midge Cricotopus became dominant.

TRM 396.8 showed a similar pattern. At TRtI 391.2 the dominant taxon

changed each year until 1979 and 1980 when Cricotopus became abundant.

Taxa other than Cricotopus which became relatively prevalent after 1976

were Agraylea, Cloeon, Glyptotendipes, Neureclipsis, Pleurocera,

Polypedilum, Rheotanytarsus, and Tricorythodes.

The Overbank Fauna--Macroinvertebrate density (no/mz) at all

four overbank stations was greater in 1982 and 1983 than in 1978 and

1979, (figure 7-13) reflecting a trend similar to that in the channel

habitats. The station at TRM 389.9 had the lowest mean density whereas

the station at TRM 386.4 had the highest mean density three of the four

years sampling was conducted. Total macroinvertebrate density showed a
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definite seasonal pattern. Numbers decreased steadily through the spring

months, reaching a low in mid to late summer, followed by increasing

numbers in October (figure 7-14).

The number of taxa at each of the four stations increased from

1979 to 1982, but then showed a slight decrease in 1983; the mean number

of taxa per month reflected this trend. The mean number of taxa per

month (when the data were combined over all four sampling years and sta-

tions) indicate that a greater number of benthic species were present in

spring (February-April) than during the remainder of the year

(figure 7-16). The lowest mean number of taxa occurred in October,

although it was not appreciably different from the means for May through

September.

Diversity increased each year at each station (table 7-9). The

greatest increase occurred at station TRM 389.9, where the mean value

rose from 4.66 in 1978 to 6.40 in 1983. No seasonal trends in diversity

were evident.

Results of station comparisons using SQS values (table 7-10)

were variable. Community structure at the overbank sations, based on

presence/absence of macroinvertebrate taxa, appeared to remain quite

similar among stations, the lowest similarity occurring in 1979.

The two dominant taxa at stations TRM 386.4 and 389.9 were

Hexagenia and Tubificidae in 1978 but changed often thereafter

(table 7-11). The dominant taxa at stations TRM 388.4 and 391.1 was

Coelotanypus 1978 and 1979, but changed to Chironomus at TRN 388.4 in

1982 and 1983. Corbicula populations increased in 1982 and 1983 at each
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station (figures 7-17 to 7-20), although densities were low at TRM 388.4

aiid 391.1. Populations of 1'exagenii appeared to follow an opposite

trend, as densities were lower in 1983 at TRM 386.4, 389.9, and 391.1

than in previous years (figures 7-21, 7-23, and 7-24). TRII 388.4 was an

exception (figure 7-22). At TRM 386.4, Hexagenia was clearly dominant in

1978 and 1979, except in July and August when most had emerged

(figure 7-21), at which time tubificid worms were most numerous. In the

fall of 1979, Hexagenia numbers did not increase as in 1978. In the

spring of 1982, Hexagenia appeared in high numbers sporadically, and

decreased thereafter. Various genera of Chironomidae, including

Chironomus, Procladius, and Dicrotendipes, increased in 1982 and 1983.

At TRM 388.4, Coelotanypus was the dominant taxon in 1978 and 1979, but

was replaced by Chironomus in 1982 and 1983 (table 7-11). Dicrotendipes

decreased over the study period; Corbicula density was low but increased

slightly in 1982 and 1983 (figure 7-18). At TRN 389.9, the dominant taxa

Hexagenia, Corbicula, and Tubificidae were somewhat more stable, although

some shifting in ranking occurred (table 7-11). At TRM 391.1,

Coelotanypus remained the dominant taxon, whereas Hexagenia and Corbicula

occurred in low numbers.

Taxa that occurred at all four overbank stations each sampling

year were Ablabesmyia, Branchiura, Caenis, Chaoborus, Coelotanypus,

Corbicula, Cryptochironomus, Dicrotendipes, Hexagenia, Polypedilum,

Procladius, and Tubificidae. Taxa that were last collected in 1979 were

Culicidae, Micropsectra, Paragordius, Rheotanytarsus, Stenacron, and

Tanytarsus; all were rarely collected, except Rheotanytarsus which was

relatively common at TRMs 388.4 and 391.1 in 1979.
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The environmental factors responsible for the observed changes

in the channel and overbank communities were not investigated in a causa-

tive manner in this study. However, water quality parameters that were

monitored were examined and are discussed here. Physical conditions such

as flow and water temperature (chapter 2 of this report) did not appear

to change appreciably from 1974 to 1983 to account for the faunal

changes. Water quality parameters and measurements are given in

chapter 4. Total organic carbon, total nitrogen, and BOD showed

increased values in 1982 and 1983, reflecting increased productivity.

Yearly changes in other parameters were not obvious and would not be

expected to affect the macrobenthos. Aquatic macrophyte and mosquito

control programs probably did not appreciably affect nontarget macroin-

vertebrates (see chapter 3 of this report).

A sand and gravel dredging operation may have impacted macroin-

vertebrates. Most of the dredging was done at TRM 389.4 from 1975 to

1979. TRM 388.0 was dredged in the fall and winter of 1977, and

TRM 389.0 was dredged the first half of 1976 and in November and December

of 1979. Turbidity from dredging operations usually extends several

miles downstream. The type and extent of any effects of the increased

turbidity on different macroinvertebrate taxa were not determined in this

study.

7.3 Summary and Conclusions

A total of 138 macroinvertebrate taxa were found at the seven

stations monitored in the vicinity of BLN from 1974-1979 and 1982-1983.
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A general increase in number of taxa and in number of organisms was

observed throughout the study period. Higher diversity values reflected

these increases.

The macroinvertebrate community in the channel was dominated by

the asiatic clam Corbicula manilensis and oligochaetes through 1979

(based on Ponar'sampling). However, when sampling was resumed in 1982, a

major shift in dominance was evident. The burrowing mayfly, Hexagenia

sp., became the most numerous taxon at all three stations (TR!s 388.0,

391.2, and 396.8). Artificial substrate samples, taken from 1974 through

May 1979, showed many changes in dominant rheophilic taxa, although the

caddisflies Cyrnellus fraternus and Neureclipsis were usually common. In

1980, the chironmid Cricotopus was dominant at all three stations.

The overbank community exhibited two seasonal trends. The mean

number of taxa was highest in spring, decreasing in summer to a low in

October. The mean number of organisms decreased steadily throughout

spring to a low in late summer, followed by an increase in October. The

burrowing mayfly, Hexagenia sp., and the chironomids Coelotanypus and

Chironomus were usually the dominant taxa. In general, Corbicula

manilensis increased in numbers throughout the four sampling years

(1978-1979, 1982-1983), whereas Hexagenia decreased.

The observed spatial and temporal changes in the macroinverte-

brate fauna in the vicinity of BLN were not investigated in a causative

manner in this study. No physical conditions or water quality changes

within the reservoir could be definitely attributed to increasing or

decreasing trends in numbers of taxa or individuals.
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8.0 Aquatic Macrophytes

8.1 Materials and Methods

Aerial Photography--Large scale color aerial photography (1" =

600') was used to determine acreages of aquatic macrophytes from 1978 to

1983 in an area upstream (TRN 395.0 to 397.0 including Raccoon Creek) and

an area downstream (TRI 391.5 to TRN 385.8 including Jones Creek) of

BLN. Overflights were conducted during the latter portion of the growing

season in August, September, or early October. Interpretation of the

imagery was aided by ground truthing done at the approximate time of the

overflights. Submersed and floating-leaved communities and one emergent

macrophyte community (American lotus) were delineated on aerial

photographs and acreages determined using an electronic planimeter.

Acreages of aquatic macrophytes for Guntersville Reservoir were obtained

from seasonal workplans of the aquatic plant management program (Goldsby

et al. 1979; Burns et al. 1984).

Standing Crop--Standing crop (above ground biomass) of aquatic

macrophytes was monitored at eight sampling stations (figure 8-1, table

8-1). Stations 1, 2, 5, and 6 were sampled from 1974-1979 and from

1982-1983. Stations 7 and 8 were added in March 1978 and sampled during

1978-1979 and 1982-1983, while stations 3 and 4 were sampled only during

1982-1983. Addition of the latter four stations was due to modification

in BLN design and the onset of preoperational monitoring activities. The

sampling stations represented two primary littoral habitats--shallow

overbank and steep shoreline main channel habitats. The mainstream dr
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channel littoral habitats were represented by stations 1, 3, 5, and 1,

while the shallow overbank habitat included stations 2, 4, 6, and 8

(table 8-1).

The sampling frequency at all stations from 1974 to 1979 was at

approximate two month intervals. During 1982 and 1983 sampling was

conducted during January, and in 1982 monthly from May to September.

High flows during the late spring of 1983 delayed sampling, resulting in

a monthly sampling period from early June to October.

Samples were collected by removing standing crop of all

macrophytes rooted in 0.1 m2 quadrats. Five 0.1 m2 quadrats were

sampled at each 1.5-foot contour interval along a belt transect oriented

perpendicular to reservoir bottom contours. In a few instances, samples

collected during the early portion of 1974 were at 1.0-foot contour

intervals. Sampling contours began at the shallow edge of the macrophyte

colony near the shoreline and extended to the deepwater edge, where

macrophyte growth was limited by light penetration or flow. When

required, sampling at the deeper water depths was aided by divers using

scuba.

Samples were separated by species in the laboratory and washed

to remove foreign debris. Samples were then oven dried and ashed in a

muffle furnace to determine ash-free dry weight.

Data Analysis--Mean standing crop, expressed in g/M 2 ash-free

dry weight was calculated for each station by total and by species, and

plotted graphically for each station over time.

A two-way Analysis of Variance (ANOVA) was used (SAS 1982) to

examine standing crop differences for months and stations in 1982 and

371



1983. Data collected from 1974 to 1979 was not utilized because of the

different sampling frequency. When interaction was significant, a

one-way ANOVA was run separately for stations and months. Stations and

months were then ranked (a = 0.05) using Duncan's New Multiple Range

Test (SAS 1982).

Long range trends at stations 1, 2, 5, 6, 7, and 8 were

examined using regression analysis (Snedecor and Cochran 1967). Stations

3 and 4 were not included due to the short term (1982-1983) duration of

data acquisition. Standing crop data from stations i and 2 were pooled

to determine trends for macrophytes upstream of BNP and stations 3

through 8 pooled to determine downstream trends.

8.2 Results and Discussion

Acreages of aquatic macrophytes on Guntersville Reservoir

exceed those of any other reservoir within the TVA system (Burns et al.

1984). Reservoir morphometry characterized by broad shallow overbanks

and a limited amplitude of water level fluctuation are conducive to

submersed macrophyte growth. From an aquatic plant management

perspective, aquatic macrophyte growth on Guntersville Reservoir can be

described as excessive. In addition to causing reservoir use conflicts

in some areas, macrophytes likely have significant impacts on other

biological communities as well as overall water quality of the reservoir.

Aerial Photography--Aquatic macrophyte communities on

Guntersville Reservoir extend approximately to the 587 foot contour if

substrate and flow do not inhibit establishment and growth. The major

submersed and floating-leaved aquatic macrophyte communities in 1983
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upstream and downstream of BNP are shown in figures 8-2 and 8-3. Also

included is American lotus (Nelumbo lutea (Willd.) Pers.), an emergent

species, readily identifiable on aerial photography.

Aquatic macrophyte acreages in the area upstream of the BLN

site (TRM 395.0 to 397.0 including Raccoon Creek) and the area downstream

of BLN (TRM 358.8 to 391.5 including Jones Creek) showed increases from

the late 1970's until 1981 or 1982 and declines in 1983 (table 8-2).

This trend paralleled that for all of Guntersville Reservoir (table 8-2)

during the same time period when aquatic macrophyte acreages doubled on

the reservoir. The decline in 1983 is thought to be partially related to

high flows during mid-May 1983.

A summary of acreages by species (table 8-3) from 1978 to 1983

showed Eurasian watermilfoil (Myriophyllum spicatum L.) to be the

dominant submersed aquatic, macrophyte. This has been the case since the

late 1960's when Eurasian watermilfoil inhabited approximately 22,000

acres within the TVA system. In addition to Eurasian watermilfoil,

several other submersed and floating-leaved aquatic macrophytes such as

spinyleaf naiad (Najas minor All.), southern naiad (N. quadalupensis

(Spreng.) Magnus), American pondweed (Potamogeton nodosus Poir.),

Brazilian elodea (Egeria densa Planch.),.coontail (Ceratophyllum demersum

L.), and muskgrass (Chara sp.) occurred as mixtures with milfoil or less

frequently in seperate colonies. Hydrilla (Hydrilla verticillata (L.f)

Royle), a particularly noxious weed, was discovered in Guntersville

Reservoir in 1982 and several colonies occurred just downstream of BLN.

This species is expected to spread and will likely be one of the dominant
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submersed macrophyte species in the Tennessee Valley within the next

decade.

Substantial increases of American lotus occurred in the

downstream area from 1978 to 1983. In several shallow overbank areas

this emergent species replaced submersed macrophytes such as

watermilfoil. No attempts have been made to control lotus with

herbicides, and the species is expected to increase in acreage unless

naturalistic controls limit its expansion.

Standing Crop--Annual growth curves for submersed aquatic

macrophytes at the eight sampling stations (figures 8-4 through 8-11)

showed Eurasian watermilfoil comprised the highest percentage of the

total standing crop at all sampling stations. Several other species such

as C. demersum, E. densa, H. verticillata, Potamogeton crispus L.,

P. nodosus, N. minor, N. Quadalupensis, Vallisneria americana Michx., and

unidentified species occurred at several sampling stations, but generally

comprised a small percentage of total standing crop.

Peak standing crop generally occurred during the summer or

early fall months and declined during winter months. Naximum standing

crop occassionally exceeded 150 g/m2 ash-free dry weight with a maximum

of 253 g/m 2 at Station 4 in June 1982.

A two-way Analysis of Variance comparing standing crop by date

and station showed highly significant interaction for 1982 and 1983

(table 8-4). Since interaction was highly significant during both years,

a one-way analysis was run by month (table 8-5) and by sampling station

(table 8-6) for each year and ranked (a = 0.05) using Duncan's New

Multiple Range Test.
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Differences in standing crop by month, with one exception in

each 1982 (station 8) and 1983 (station 4), were highly significant;

differences at Station 8 in 1982 and Station 4 in 1983 were significant

(table 8-5). Significant differences between months were expected as

standing crop increased from a "normal" low during the winter months to

maximum standing crop during the summer or early fall months. In 1982,

July generally had the highest standing crop and January the lowest for

most stations (table 8-5). In 1983, the highest standing crop occurred

most commonly in October and the lowest generally during the early June

sampling date. The observed differences in 1982 and 1983 were attributed

to high flows in mid-May of 1983 that reduced the standing crop of

macrophyte communities. Instead of the July peak that was observed in

1982, the 1983 peak in standing crop was delayed until October due to the

lag time required for regrowth from rootcrowns.

Differences in standing crop by station in 1982 were

significant in August and highly significant in May, June and July. In

1983 significant differences occurred in early June (6th), late

June (29th), July, and October, with January being highly significant

(table 8-6). While some stations (e.g. 1, 4, 7) consistently ranked high

and others low (e.g. 3, 6, 8), there were no readily discernable trends

relating to overbank (stations 2, 4, 6, 8) versus channel stations (1, 3,

5, 7). The low rank of station 6 during the later portion of 1982 and

during 1983, may have been the result of herbicide treatments for

hydrilla control.

An examination of long range trends determined from regression

analysis (figures 8-12 through 8-17) showed significant changes at
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stations S and 7 and a highly significant change at station 1 (table

8-7). Although significant at a = 0.05, changes at stations S and 7

likely were not meaningful because of the low R-squared values (< 0.20).

All three stations showing significant or highly significant changes were

channel stations, but the trends were not parallel. Stations 1 and 7 had

significant increases in standing crop, while station 5 had a significant

decrease (figures 8-12, 8-14, and 8-16). Although not significant (table

8-7), the changes in overbank stations (2, 6, and 8) also were variable

with a decrease at stations 2 and 6 and an increase at station 8 (figures

8-13, 8-15, and 8-17). Significant changes in the channel stations 1 and

7 may be related to colonization of unoccupied habitat.

Pooled data from the two stations (I and 2) upstream of BLN

compared with pooled data from downstream stations (3, 4, 5, 6, 7, and

8), showed a significant increase for upstream stations, while downstream

stations did not show a significant trend (table 8-7; figure 8-18,

8-19). Increase upstream of BLN resulted from the colonization by

macrophytes at station 1. A major difference in upstream and downstream

areas occurred in 1983, when standing crop downstream, for some unknown

reason, was depressed (figure 8-19).

8.3 Summary and Conclusions

Acreages of submersed and floating-leaved aquatic macrophytes

in the vicinity of BLN increased from the late 1970's until 1981 or 1982,

then declined in 1983. This trend parallels that for Guntersville

Reservoir. While several species of submersed macrophytes occurred in
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the vicinity of BLN, Eurasian watermilfoil was the dominant submersed

macrophyte species.

Eurasian watermilfoil comprised the largest percentage of

submersed macrophyte standing crop for most sampling dates. Regression

analysis indicated significant or highly significant trends at three

sampling stations. Although all three of the stations represent channel

habitat, the trends were not consistent as two increased and the other

decreased. Pooled data from the two stations upstream of BLN showed a

significant increase in standing crop, while pooled data from downstream

stations was not significant.

Analysis of variance showed significant or highly significant

differences in standing crop for all months during 1982 and 1983. The

month with the highest and lowest standing crop differed in 1982 and 1983

and is attributed to the effect of high flows in mid-May 1983.

Differences in standing crop by station for 1982 and 1983 were generally

significant or highly significant. While some stations consistently

ranked high and others low, there was no readily discernable trend

relating to overbank versus channel stations.
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Figure 8-9. Standing Crop of Aquatic Nacrophytes at Station 6 on Guntersville Reservoir in

the Vicinity of Bellefonte Nuclear Plant from 1974-1979 and 1982-1983.
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Figure 8-10. Standing Crop of Aquatic Nacrophytes at Station 7 on Guntersville Reservoir in

the Vicinity of Bellefonte Nuclear Plant from 1974-1979 and 1982-1983.
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Figure 8-11. Standing Crop of Aquatic Racrophytes at Station 8 on Guntersville Reservoir in

the Vicinity of Bellefonte Nuclear Plant from 1974-1979 and 1982-1983.
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9.0 V"ISH

9.1 Materials and Methods

9.1.1 Fish Eggs and Larvae

Monitoring to provide data on the species composition, seasonal

abundance and distribution of fish eggs and larvae in the vicinity of the

Bellefonte Nuclear Plant (BLN) site on Guntersville Reservoir began in

1974 and continued through 1983. Results of experimental sampling the

first year were summarized in a progress report (TVA 1974b) while data

collected in 1975 and 1976 were presented in a preliminary entrainment

report (TVA 1977).

Collections in 1974 and 1975 were made using several gear types

and sampling strategies. Collection procedures were stablized in 1976

with two changes in gear that were utilized during the remaining years of

sampling: (1) Mesh size of all nets was reduced from 0.79 mm to 505

micron (0.50 mm) and (2) the netting gear used in 1974 and 1975 were

replaced with a 0.5-meter net towed on an oblique path through the water

being sampled.

Although the remainder of the fisheries preoperational

monitoring program at BLN was not initiated until 1981, ichthyoplankton

data collected during the period 1977-1983 are presented in this report.

These preoperational data will be compared to subsequent investigations

to determine and assess any operational impacts caused by BLN.

Field--Ichthyoplankton samples were collected all years

(1977-1983) along a transect perpendicular to river flow near the pro-

posed BLN intake channel at TRW 392.2 (figure 9-1). In.1977, collections
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were also made along a transect at TRM 369.5 (Murphy Hill) to provide

comparable data from another area of Guntersville Reservoir.

Samples were taken with a beam net 0.5 m square, 1.8 m long,

with 505 micron "nitex" mesh netting. Oblique tows upstream at 1.0 m/s

(boat speed) for 10 minutes resulted in approximately 150 ms of water

filtered per sample. A large-vaned General Oceanics flowmeter was

suspended in the net mouth to measure volume filtered. A tow was made by

first lowering the net to the lower limit of the stratum to be sampled,

then, with the boat in motion, raising it obliquely at one minute

Intervals through the stratum.

In 1977, full stratum samples were collected from each shoreline

of the plant transect (TRM 392.2) and stratified samples (0-3 meters and

3 meters to bottom) were collected from two stations in each of the

channels on either side of Bellefonte Island (figure 9-1). At the Murphy

Hill transect (TRK 369.5) full stratum samples were collected on the

right shoreline and at two overbank stations left of channel. Stratified

(three strata) midchannel samples were also collected from one station

along this transect. Sampling at this transect was discontinued after

1977.

Progressive choking of overbank areas with water milfoil

throughout the sampling season in previous years had impeded larval

sampling at all transects on Guntersville Reservoir. For this reason

shallow sampling from the right and left shorelines of the plant transect

was discontinued in 1978. For the remaining years of this study,

sampling at the plant transect consisted of two stratified (0-3 meters

and 3 meters to bottom) samples along the transect from each of the two
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channels formed by Bellefonte Island. A horizontal sample 0.5-1.0 meter

from the bottom was added in the middle of the north channel. This

sample was designed to more effectively collect larvae that might be

hatched on the bottom and transported downstream before rising

sufficiently in the water column to be sampled by obliquely towed nets.

To assess temporal concentrations of larval fishes during the

period 1977-1983, collections were made biweekly both day and night.

Sampling began in Narch and continued through August. All samples were

immediately fixed in a 10 percent formalin solution and subsequently

shipped to TVA's Fisheries Laboratory in Norris, Tennessee, for

processing.

Laboratory--Ichthyoplankters were removed from the samples,

identified to the lowest possible taxon, counted and measured (larvae

only) to the nearest mm total length (TL) following procedures outlined

in NROPS-FO-BR-24.1 (TVA 1983c). Taxonomic decisions were based on TVA's

"Preliminary Guide to the Identification of Larval Fishes in Tennessee

River," (Hogue et al. 1976) and other pertinent literature.

The term "unidentifiable larvae" applies to specimens too

damaged or mutilated to be identified, while "unspecifiable" before a

taxon implies a level of taxonomic resolution (i.e., "unspecifiable

catostomids" designates larvae within the family Catostomidae that

currently cannot be identified to a lower taxon). The category

"unidentifiable eggs" applies to specimens that cannot be identified due

to damage or lack of taxonomic knowledge.

Taxonomic refinement is a function of specimen size and develop-

mental stage. Throughout this report, the designation "unspecifiable
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clupeids" refers to clupeids less than 20 nmu TL and could include

Dorosoma cepedianum (gizzard shad), D. petenense (threadfin shad), and/or

Alosa chrysochloris (skipjack herring). Any clupeid specimen identified

to species is 20 mm or longer.

Developmental stage of percichthyids also determines level of

taxonomic resolution. Morone saxatilis (striped bass) hatch at a much

larger size than either N. chrysops (white bass) or M. mississippiensis

(yellow bass). Although it was impossible to distinguish between larvae

of the latter two species, M. saxatilis was eliminated as a possibility

based on developmental characteristics of specimens 6 nmu or less in total

length (hence, the taxonomic designation Morone, (not saxatilis)).

Specimens identified as Morone app. in most instances were greater than 6

mm TL.

Data Analyses--Densities of fish eggs and larvae were expressed

as numbers per 1000 ms for comparisons between stations and among

years. Data collected at the Murphy Hill site (TRM 369.5) in 1977 were

included for occurrence and relative abundance and comparisons. Density

analyses for evaluating temporal and spatial abundance and distribution

were in most cases conducted only on data from the BLN plant transect.

9.1.2 Juvenile and Adult Fish

Field--Several methods were utilized to sample juvenile and

adult fish. These included cove rotenone, gill netting, and

electrofishing. Materials and methods are described below for each

sampling regime.
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Cove Rotenone--Fish sampling with rotenone was initiated in

Guntersville Reservoir in 1949 to determine standing stock (numbers/ha

and kg/ha) of game, prey. and commercial fish species. Samples were

taken at various locations annually through 1961. Annual sampling

started again in 1971 and has continued through 1983 (with the exception

of 1973 and 1978). In addition to standing stock information, these data

provide species occurrence and composition information and characterize

the overall fish community of the reservoir.

Rotenone sampling procedures were standardized for use in

Tennessee Valley reservoirs after 1960 to include use of block nets and

standard survey techniques. Prior to this, techniques varied from year

to year and from one reservoir to another. Sampling in Guntersville

Reservoir from 1949 through 1960 included: (1) use of varying techniques

for determining area and volume of the sample site, (2) some sampling

conducted without the use of block nets, and (3) undescribed subsampling

techniques. Current fish sampling procedures are conducted in accordance

with the Field Operations Biological Resources Procedures Manual, 1983.

Cove rotenone sampling since 1970 was designed to eliminate

certain biases through establishment of criteria for sample sites and

standardization of field techniques. Criteria for an acceptable rotenone

site were: (1) surface area at least 0.4 ha; (2) depth not more than

7.5 m where block net is set; (3) location not adjacent to or within the

same cove as housing developments, boat docks, or other recreation areas;

(4) absence of streams or other sensitive habitats; and (5) easy access

by boat. Description of sample sites (1971-1983) are in table 9-1.

Since the beginning of the BLN preoperational period in 1974, cove
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rotenone population estimates were usually based on samples from at least

three sites. However, additional sites were included in 1975 (8) and

1976 (5), and only two sites were sampled in 1979. Since 1980, the samw

three sites have been sampled (TRN 382.4, Roseberry Creek; TRM 393.4,

Town Creek; and TRM 394.3, Mud Creek) (figure 9-1).

Standardized field techniques for rotenone sampling included:

(1) sampling when water temperature is greater than or equal to 20 0 C; (2)

accurate surveying of surface area within one day prior to sample

collection; (3) block net set on the afternoon prior to sampling; (4)

scuba-diver check of block net to ensure isolation of sample area; (5)

determination of physical and chemical properties of the sample are&; (6)

application of rotenone to attain a 1.0 mg/L concentration of toxicdnt;

(7) pickup of all visible fish on two consecutive days; and (8) specified

sorting, counting, weighing, subsampling, and data recording procedures.

In addition to the standardized procedures, some sample sites

were treated with herbicides to remove or reduce dense stands of sub-

mersed aquatic macrophytes to facilitate fish recovery. Herbicide

treatment, applied according to recommended methods (see section 3.3),

was done three to four weeks prior to rotenone sampling. With the

exception of 1980, two of the three primary sample sites (Mud Creek and.

Town Creek) have been treated since 1977. In 1980, these sites were

sampled with dense stands of aquatic macrophyte present to evaluate fish

standing stock estimates under these conditions. Roseberry Creek, the

third primary sample site, never required herbicide treatment due to

sparse stands of aquatic macrophytes.
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Physical properties measured were surface area, maximum depth,

and mean depth (obtained through a systematic series of depth

soundings). Mean depth and surface area were used to determine volume of

the cove to achieve a rotenone concentration of 1.0 mg/L.

Rotenone was applied with a pump and a weighted, perforated hose

to distribute the toxicant evenly at all depths. Initially, a curtain of

rotenone was applied adjacent to the block net to prevent small fish from

escaping. Following this, rotenone was distributed by operating the boat

in a zigzag pattern throughout the cove. Finally, shallow shoreline

areas were surface sprayed with rotenone to ensure complete coverage of

the area. All visible fish were picked up the day of application and

sorted by species. Small fish (e.g., Notropis sp.) were preserved in 10

percent buffered formalin and returned to the laboratory for identi-

fication. Each remaining species was then sorted into groups by 25-nm

length increments. Fish were grouped into game, commercial, and prey

species and classified as young, intermediate, and adults, based on total

length (table 9-2).

Each size group was counted and the aggregate weight recorded.

Occasionally, some length groups were so numerous that it was not practi-

cal to count each fish. In these cases a subsample of that length group

was counted and weighed. The remainder of the size class was then

weighed collectively and numbers estimated by the relationship:

No. in subsample = No. in remainder
Weight of subsample Weight of remainder

Fish collected the second day were processed in the same way,

except that number of fish only was recorded for each size class of each
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species. Weights of second-day fish were calculated from length-weight

relationships derived from first-day fish.

Gill Netting--Sinking experimental gill nets, 37.9 m x 2.4 a

with five equal panels of 1.3, 2.5, 3.8, 5.1, and 6.4 cm bar mesh were

used. Two nets, spaced approximately 100 m apart, were fished

perpendicular to each shoreline at each of three stations (TRMs 396.6,

391.0, and 388.1) and two on the right shoreline only at TRM 392.5

(figure 9-2). Mesh progression on each set of nets was set in opposite

direction. The nets were fished two consecutive nights monthly from

March 1981 through February 1984. All fish were identified to species

and enumerated by capture mesh size. Gill net stations were the same as

electrofishing with the exception of the stations in Mud and Town

Creeks. No nets were set at these two locations. Sample areas are

described as follows.

Station 1 (TRW 396.6) was located approximately 6.8 km (4.2

miles) upstream of the intake structure. Water velocity was usually

higher at this station than at other stations. Shoreline at this station

consisted of steep eroded banks dropping down to a beach of sand and mud

at the river's edge. Shoreline vegetation consisted of sparse trees and

cane. Aquatic vegetation was heavy during the sununer months and extended

approximately 4 to 5 m from shore, where water depth increased sharply.

Water depth at this station ranged from 0.3 to 7.0 m.

Station 2 (TRM 392.5), located 0.5 km (0.3 mile) above the

intake structure, was sampled only along the right shoreline. Shoreline

vegetation here consisted of dense trees and vines. The river's channel

dropped off steeply from the shore to a depth of approximately 9.0 m.
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aquatic vegetation covered the water surface for about 3 m from the shore

during the summer months. Nets were set at depths of 0.3 to 9.0 m.

Station 3 (TRN 391.0) was located approximately 1.9 km (1.2

miles) below the intake. Nets on the right side of this station were

fished in shallow overbank except during late summer months when due to

heavy growth of milfoil (Myriophyllum saicatum) the nets had to be fished

in the channel at the outer edge of the milfoil. Shoreline vegetation

consisted of hardwood forest and scattered shrub. Currents in the

overbank were slow to moderate. The left shoreline at this station

consisted of scattered trees and vines with gradually sloping sandy banks

and numerous submerged stumps. Nets were set in depths from 0.6 to

7.0 m. Nilfoil growth on this side was sparse and water velocity was

moderate.

Station 4 (TRP 388.1) was located approximately 6.8 km (4.2

miles) downstream of the intake. The right shoreline had scattered trees

with thick brush and vines. Shallow water (0.3 m) extended about 7.0 m

from the bank and then depth increased to approximately 7.0 m. The

shallow area was heavily infested with milfoil during the summer. Nets

were:set in 0.3 to 7.0 m of water. The left shoreline was similar to the

right. The banks were sloping and stumpy. Water depths at net sites

were 0.3 to 6.0 m. Nilfoil growth and water velocities were both

moderate on this side of the river.

E]ectrofishing--Preoperational electrofishing sampling was

conducted at six stations monthly from March 1981 through February 1984.

Electrofishing equipment consisted of a boat-mounted 230-volt,

3.5-kilowatt direct current generator delivering a current of approxi-

mately four amperes continuously to the water by boom-dropped
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electrodes. Fish affected by the electrofishing unit were captured with

a long-handled dip net, identified to species, and enumerated. A count

of the numbers of those fish not netted was included in the samplo ýdta.

provided a positive species identification was possible. Each

electrofishing run consisted of continually shocking for two minutes a

section of shoreline while moving in a downstream direction. All

stations were sampled within a 24-hour period. Five, 2-minute runs,

separated by a buffer zone of approximately 20 meters, were sampled along

each shoreline at three transects (TRMs 396.6, 391.0, and 388.1) and the

right shoreline at TRM 392.5 (figure 9-3). In addition, five 2-minute

timed runs were made along the shoreline in both Town Creek and Mud

Creek.

Shoreline along Mud Creek consisted of scattered trees and a

heavy growth of vines and shrubs. Habitat varied from steep banks and

deep water (3 m) at one end of the station to flat banks and shallow

water at the other. Water velocities varied from slow to moderate,

depending on river levels. There were numerous tree tops and stumps

throughout the station.

In Town Creek Station numerous trees, thick vines, and shrubs

made up the shoreline vegetation. Banks were flat with water depths

ranging from 1 to 3 m. Aquatic vegetation was sparse in the deeper water

but got very dense in the shallow end of the station during the sumer

months. Water velocities were normally low.

Data Analysis--Methods utilized to evaluate juvenile and ddult

fish data are described below by collection method.
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Cove Rotenone--Standing stocks of each species were calculated

by size class. Standing stocks of young, intermediate, and adult size

classes of "important" species were analyzed using a linear regression

model to determine statistically significant trends over the period 1974

through 1983. Important species were determined by the following

criteria: (1) must occur in at least 50 percent of samples since 1974,

and (2) must comprise one percent of either the total number or total

biomass collected.

Gill Netting--The basic unit used in these analyses was

catch-per-unit effort (c/f) expressed as number of each fish species

caught per gill-net-night (fish from all mesh sizes were combined). The

analyses were designed to detect significant spatial and temporal

differences in c/f of important fish species combined and individually.

Important species were defined as those occurring in 50 percent or more

of all samples and comprising at least one percent of total number of

fish captured. All statistical analyses were performed on log

transformed data, log10 (c/f + 1); however, antilogs of transformed

data were used in the text and tables to facilitate comparison.

Gill nets were set on both left and right banks at stations 1,

3, and 4. To determine if catch data from left and right banks could be

pooled within each station, t-tests were used to compare c/f of all

species combined and important species combined by station and quarter,

with years combined.

A three-way Multivariate Analyses of Variance (KANOVA) was

employed to test effects of station, year, quarter (main effects), and

interactions among these main effects on combined important species. This
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procedure identified relative influence of main effects and interactions

on the whole fish assemblage sampled by experimental gill nets.

A univariate three-way Analysis of Variance (ANOVA) was then

employed in testing influence of the main effects and interactions on c/f

of each important species. This procedure identified individual species

contributing to assemblage responses observed with the MANOVA.

Two-way ANOVA (year and station) with interaction was run by

quarter for each species showing effects in the three-way ANOVA. This

procedure reduced the overriding seasonal influence included in quarter

effects and facilitated analysis of spatial and long term differences in

individual species c/f. If a significant effect (a = 0.05) was found

with ANOVA, Duncan's New Multiple Range Test was used to identify which

values were significantly different.

Catch data were analyzed by quarter because changes in c/f of

fish occur by season, not by month. Grouping monthly catch data by

quarter allowed these seasonal changes to be more readily identified.

Quarters were: winter, December-February; spring, March-May;

summer, June-August; fall, September-November. Because winter quarter

was split by consecutive years, year designation was based on December;

i.e., December 1981-February 1982 was winter quarter, 1981.

Electrofishing--Electrofishing data were characterized by

listing all species identified in the samples, total number of each

species taken, number of samples in which each species occurred, number

of months each species was collected, and percentage of overall catch by

species. Spatial and temporal differences and trends were determined

using only those species regularly occurring in samples. These were
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termed important species and were defined as those occurring in 50

percent or more of the months sampled and comprising at least one percent

of the total catch.

The unit used in these analyses was catch-per-electrofishing-run

(c/f). All statistical analyses were performed on log 1 (c/f +1)

transformed data; however, untransformed c/f data are used in the text

and tables, except where noted, to facilitate comparison.

Electrofishing runs were made on the left and right banks of the

reservoir at stations 1, 3, and 4. T-tests were used to compare c/f at

left and right banks of these stations to determine if data could be

pooled for subsequent analyses. Both c/f of all species combined and c/f

of combined important species were tested. Monthly catch data were

grouped and analyzed by quarters in the same manner and for the same

reasons as gill netting data.

Effects of year, station, quarter, and interactions of these

variables on c/f of combined important species were tested with three-way

Nultivariate Analyses of Variance (NANOVA). The relative Influences of

these three main variables and their interactions on the whole fish

assemblage sampled effectively by electrofishing were identified with

NANOVA.

Three-way univariate Analysis of Variance (ANOVA) tested effects

of year, station, quarter, and their interactions on c/f of each

important species. Relative contributions of each species to the whole

assemblage effects observed with NANOVA were identified with this

procedure. Duncan's New Multiple Range Test was used to identify

significantly different c/f values by year, station, and quarter.
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9.2 Results and Discussion

9.2.1 Fish Eggs and Larvae

Table 9-3 lists dates, number of samples, and mean temperatures

(all depths) by sample period for each year of preoperational monitoring.

Table 9-4 lists scientific and comuon names for each taxon discussed in

this section.

Fish Eggs--Fish eggs were numerous in ichthyoplankton

collections from the BLN site during all years of preoperational study

(table 9-5). Seasonal densities ranged from 592/1,000 m8 in 1982 to

2,134/1,000 m3 in 1980 (table 9-6). Freshwater drum eggs comprised

more than 95 percent of total eggs collected each year. They were the

only eggs collected from the Murphy Hill transect (TRM 369.5) in 1977.

Freshwater drum eggs first occurred in samples at BLN in late

April or early-May when water temperatures ranged between 16.9 and

23.5°C. They were present until the end of the sampling season, mid to

late August, all years. Peak densities were observed from late May to

mid-June (figure 9-4) at water temperatures ranging from 21.5 to 27.80C.

Seasonal (average) densities of freshwater drum eggs among years

were variable and no apparent trend in diel distribution was noted (table

9-7). Horizontal distribution was similar most years in the channels on

either side of Bellefonte Island (table 9-8). However, within either

channel, seasonal densities were sometimes quite different between

stations, but no trend in horizontal distribution was obvious through the

years. For example, in 1979 seasonal densities of freshwater drum eggs

were much greater from the station on the right side of the south channel
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than from the left. In 1980 the left station had much greater

densities. Vertical distribution of freshwater drum eggs within stations

was uniform most years (table 9-9). The mid-channel epibenthic samples

from the north side of Bellefonte Island generally contained seasonal

densities of freshwater drum eggs as high as or higher than the other

channel strata.

The planktonicity of freshwater drum eggs makes them vulnerable

to capture by larval fish sampling gear. The abundance and generally

uniform distribution of freshwater drum eggs in collections from the BLU

site indicated that the Tennessee River upstream of this area is an

important spawning area. Ichthyoplankton data collected in 1975 (TVA

1976) from three transects on the Tennessee River near the Widows Creek

Steam Electric Plant (WCF) support this hypothesis (table 9-10). The

lowest seasonal density from these samples was observed at the WCF

upstream transect approximately 13 miles downstream of Nickajack Dam (TRN

424.7). Densities of freshwater drum eggs were higher at the WCF plant

transect (TRW 408) and highest at the downstream transect (TRW 401.1).

Seasonal densities of drum eggs from the BLN transects were lower than

the WCF downstream transect. These data suggest that in 1975 an

important freshwater drum spawning area existed between TRW 408 (WCF

plant transect) and TRW 401.1.

Seasonal occurrence of freshwater drum eggs at BLN is consistent

with results of other TVA studies. Spawning by freshwater drum occurs

earlier and lasts longer in the Tennessee Valley than in Lewis and Clark

Lake on the Wissouri River as reported by Swedburg and Walburg (1970).
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They reported spawning in pelagic areas over a period of 6-7 weeks in

June and July after water temperatures reached 180C.

Fish Larvae--Composition of ichthyoplankton samples collected

near BLN was fairly'stable five of the seven years with a range of 20-24

taxa taken at the plant transect (table 9-5). Extremes occurred in 1980

(30 taxa) and 1982 (17 taxa). Lowest seasonal density for total larvae

during the study period was observed in 1982 (table 9-6). Twenty-five

taxa were collected from the Murphy Hill (TRM 369.5) transect in 1977

compared to 22 from the BLN plant transect. The total number of larvae

collected at Murphy Hill was also greater (table 9-5) which is

attributable to more overbank samples from this transect.

Eleven taxa: unspecifiable clupeids, unspecifiable cyprinids,

Cyprinus carDio, catostomids (Ictiobinae), Ictalurus punctatus, Horone

spp., Morone (not saxatilis), Lepomis spp., Pomoxis app., unspecifiable

percids (including darters) and Aplodinotus grunniens were collected all

seven years (table 9-5). Ictiobinae, a subfamily of Catostomidae, is

included in this group though not identified as such in 1978 and 1979

collections. Because ictiobines amounted to more than 987 of the total

catostomid larvae collected during the other five years of this study,

the unspecifiable catostomids in the 1978 and 1979 collections will also

be considered members of the subfamily Ictiobinae. Hiodon tergisusj,

Ictalurus furcatus, and Stizostedion canadense larvae were present in

collections six of the seven years of study. Identifications of

Stizostedion app. from 1977 and 1978 are now deemed sauger-larvae (Scott,

MS).
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Composition and relative abundance of larvae in collections from

the BLN site on Guntersville Reservoir were similar to those reported for

collections from the adjacent Wheeler and Nickajack Reservoirs (TVA 1978

and 1979). At BLN unspecifiable clupeids was the most abundant taxon in

samples all years comprising 59 to 94 percent of total larvae collected

(table 9-5). Freshwater drum larvae were second in abundance and the

only other taxon to exceed one percent relative abundance each year.

Percichthyid larvae exceeded one percent of total catch five of the seven

years, ranging from 2.9 to 6.4 percent relative abundance during the

period 1979-1983. Numbers of catostomid larvae exceeded one percent

relative abundance for three years with a peak of 9.5 percent composition

in 1979. Although Lepomis spp. larvae were present in samples all years.

numbers were relatively low from the plant transect. There, collections

exceeded one percent relative abundance only in 1982 and 1983. The

higher percent composition of lepomids at the Murphy Hill transect (TRN

369.5) in 1977 (table 9-5) is the result of more samples from shallow

overbank areas. Unspecifiable cyprinids was the only other taxon to

exceed one percent relative abundance in a year (1979). Several of

lepomids at the Nurphy Hill transect (TRM 369.5) in 1977 (table 9-5) is

the result of more samples from shallow overbank areas. Unspecifiable

cyprinids was the only other taxon to exceed one percent relative

abundance in a year (1979). Several of lepomids at the Nurphy Hill

transect (TRM 369.5) in 1977 (table 9-5) is the result of more samples

from shallow overbank areas. Unspecifiable cyprinids was the only other

taxon to exceed one percent relative abundance in a year (1979). Several
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morphologically distinct species-groups of cyprinds are included in this

category, which makes further analysis of spatio-temporal distribution

impractical due to the different seasonal abundance patterns of the

various taxa represented.

Seasonal density of total larvae collected at BLN was highest in

1977 and lowest in 1982 (table 9-6). Each year seasonal peak densities

occurred during a two week period in mid-May, usually paralleling peak

densities of clupeids. Water temperatures associated with seasonal peak

densities were variable, ranging from 16.3 to 23.60C (table 9-6). Annual

peak abundance of larvae at the BLN site was between the early May peaks

reported for Nickajack Reservoir and early to mid-June peaks reported for

Wheeler Reservoir (TVA 1978 and 1979).

Abundance and distribution of the four most abundant larval taxa

(unspeciflable clupeids, freshwater drum, ictiobines and percichthyids)

and other selected taxa collected from the BLN transect are discussed

below.

Polyodon spathula--Larval paddlefish collected during this study

were included as part of a summary of all of TVA's early life history

data for paddlefish (Wallus 1983). Paddlefish larvae were not collected

every year of this study, and when present were found in low numbers

(table 9-5). However, the commercial importance of this species makes it

appropriate to summarize all the data previously reported which included

collections from BLN during the period 1974-82.

Based on lengths and calculated age estimates of paddlefish

larvae collected from the BLN site and transport computations, the
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Tennessee River from Nickajack Dam downstream to the BLN site was

identified as a paddlefish spawning area. Larval paddlefish were present

in BLN samples 6 of the 10 years, 1974-1983. They were collected only in

April when water temperatures were 12-21*C, and most were collected at

night. Horizontal distribution was widespread. Paddlefish larvae were

present in samples from all stations across the reservoir at the

Bellefonte site. No apparent trends in vertical distribution were

observed at the BLN site; however, data from other locations (Cumberland

and Gallatin Steam Plants) documented greater numbers of paddlefish

larvae near the surface. Also, large numbers of paddlefish larvae in

individual samples suggest they are swept downstream as a contagious

group. Annual fluctuations in abundance of paddlefish larvae from the

BLN site are related to discharges from Nickajack Dam. Greater numbers

of paddlefish larvae were collected during years of highest flows (Wallus

1983).

Unspecifiable clupeids--Unspecified clupeids first appeared in

samples during mid to late April in water temperatures ranging between

13.6 and 18.5*C. Peak densities usually occurred by mid-Nay (figure

9-5), but clupeids were typically abundant in samples from their first

occurrence in April through the month of June. This pattern of

occurrence is similar to those reported from Nickajack and Wheeler

Reservoirs (TVA 1978 and 1979). Annual seasonal densities at BLN varied

with greatest densities observed in 1977 (table 9-7). The 1977

collections included samples from shoreline areas at the plant transect

which would account for the higher seasonal density of shad larvae

compared to other years. Samples during l978-1983 were all from channel
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stations at the plant transect, and annual seasonal densities, though

variable, were not greatly different. As expected, horizontal

distribution data from the plant transact showed greatest densittem of

unspecified clupaids from shoreline stations (table 9-8). With a few

exceptions, annual horizontal (table 9-8) and vertical (table 9-9)

distributions were relatively uniform from the main channel stations.

Only in 1980 was there an obvious difference in densities between the

channels north and south of Bellefonte Island. Densities of unspecified

clupeids were higher in daytime collections in 1977 and 1978 (table 9-7),

but diel densities were relatively uniform for the remaining five years

of the study.

Ictiobinae (Buffalos and carpsuckers)--Ictiobine larvae usually

first appeared in collections from late March to mid-April (figure 9-6)

at water temperatures ranging from 12.8 to 18.5*C. Annual abundance was

variable with peaks occurring in 1978, 1979, and 1983 (table 9-5). This

variability in abundance is probably related to water flow. Osburn and

Self (1964) stated that spring rains and flooding were an apparent

stimulus for spawning of Ictiobus bubalus and I. cyvrinallus in

Oklahoma. They indicated that if proper water conditions were lacking,

spawning might not occur or the spawn might be light. Seasonal densities

of ictiobine larvae from BLN collections compared to corresponding

discharge rates from Nickajack Dam support this hypothesis (table 9-11).

Highest seasonal densities occurred in years of higher mean discharges.

Peak densities of ictiobine larvae were typically greatest in

mid to late April at temperatures ranging from 13.9 to 21.0*C (figure

9-6). A second peak in abundance was seen in June of some years (most
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obvious in 1979 and 1981) at water temperatures ranging from 24.5 to

25.80C.

Wrenn and Grinstead (1968) reported that, in 1967, smallmouth

buffalo (I. bubalus) spawned as early as March 28 and continued until

May 25 in Wheeler Reservoir. Water temperatures in Wheeler during that

period were almost identical to those recorded during the first annual

peak in ictiobine densities in this study. They also reported a peak

spawning period in Guntersville Reservoir in 1966 (April 14-26) for

smallmouth buffalo identical to the times of peak abundances of

ictiobines in this study. Temperatures (15.0-16.7*C) in 1966 were also

compatible with those of this study. Walburg and Nelson (1966) reported

that smallmouth buffalo spawned between May 25 and June 20, 1964 in Lewis

and Clark Lake on the Missouri River. However, spawning temperatures

(16.7-21.1°C) were similar to those during peak abundances in this

study. Also, heaviest spawning of bigmouth buffalo (I. cyprinellus) in

the Qu'appelle River in Saskatchewan was reported by Johnson (1963) in

waters 15.5-18.3°C. Guidice (1964) reported optimum spawning

temperatures for buffalo between 18 and 23°C.

Secondary peaks in ictiobine larval densities occurred in four

of the seven years of this study. Although secondary peaks in 1977 and

1980 (figure 9-6) were results of collections of only three and two

ictiobine specimens, respectively, in 1979 the secondary peak was

composed of approximately 9 percent (298) of the total ictiobine catch

and in 1981 it constituted approximately 61 percent (67) of the total

catch. In both 1979 and 1981, the secondary peaks were preceded by at

least one sample period from which no ictiobines were collected. This
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disjunct occurrence coupled with higher temperatures at times of the

second peak suggest that these secondary annual peaks may be the result

of carpsucker spawns. Although Gale and Mohr (1976) document quillback

(Carpiodes cyprinus) spawning in the Susquehanna River from late April to

mid-June at water temperatures ranging from 10-20"C, other literature

indicates higher water temperature requirements for carpsucker spawning.

Jester (1972) reported spawning temperatures of 19.4-23.3 0 C in New

Nexico, 21.1-24.4°C in South Dakota and 23.9°C in Oklahoma for the river

carpsucker (C. carpio). Fuiman (1978) found river carpsucker eggs in

Virginia on 20 May at water temperatures of 220C.

Day and night densities of ictiobine larvae in collections were

variable (table 9-7). Spatial distribution was basically uniform at the

BLN site with no trend observed horizontally (table 9-8) or vertically

(table 9-9). This differs from data reported from Nickajack Reservoir

where catostomid larvae were more abundant in deeper water both day and

night (TVA 1979).

Ictalurus punctatus and Ictalurus furcatus-- Although larvae of

these catfish species were collected each year at BLN, they were never

abundant (table 9-5). They are discussed at this point to document two

important patterns of temporal/dial distribution. With the exception of

1982, channel catfish first occurred in larval fish collections every

year between June 6 and June 20 at water temperatures between 24.5 and

25.8°C. Channel and blue catfish larvae were collected, almost

exclusively, at night (table 9-12). Walker (1975) and TVA (1979)

reported similar findings from Nickajack Reservoir.

Percichthyidae (Norone app. and Morone (not saxatilis))--

Temperate bass larvae were typically collected at the BLN plant transect
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from late Narch through June (figure 9-7). Seasonal densities among

years were variable and low with relatively uniform diel distribution

(table 9-7). Densities of percichthyid larvae were higher from shoreline

stations in 1977 than from channel stations. Densities from channel

stations were relatively uniform horizontally, but were generally higher

in the south channel the last five years of the study (table 9-8).

Vertical distribution patterns varied and showed no trend in the total

densities of percichthyid larvae collected (table 9-9). However, smaller

larvae were more abundant in the deeper waters. All larvae collected

from the mid-channel epibenthic station were 6 nu or less in TL and 91

percent were newly hatched (3-4 mm TL). This is not surprising because

percichthyid eggs are demersal and adhesive and hatching occurs on bottom.

Perca flavescens--The yellow perch was introduced into Chatuge

Reservoir on the Hiwassee River in 1953 (Timmons 1975). Its gradual

spread in distribution in the Tennessee River system makes documentation

of spawning success worthwhile. Yellow perch larvae were first collected

in Guntersville Reservoir at the BLN site in 1980 and were present in low

numbers the following two years (table 9-5). Larvae were found in

samples collected on 4/17/80, 4/14/81, and 4/26/82. Water temperatures

ranged from 15.3 to 18.5°C for these collection dates.

Stizostedion canadense--Sauger larvae were never abundant in BLN

larval fish samples (table 9-5), yet their presence most years is

considered important. In the Tennessee Valley, sauger spawn in the

riverine headwaters of reservoirs, and regular occurrence of newly

hatched larvae at the BLN site documents the headwater of Guntersville

Reservoir below Nickajack Dam as an important spawning area (Scott, MS).
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The riverine nature of Guntersville Reservoir from Nickajack Dam

downstream to BLN provides very few overbank refuge areas. Therefore,

sauger larvae hatched upstream of BLN are subject to transport down

river, past the sample stations. Nelson (1968) collected sauger larvae

ranging from 4.5 to 6.2 mm TL in plankton nets set below spawning areas

in the Missouri River.

Scott (MS) considered spans of sauger larvae occurrence at BLN

Indicative of durations of spawning seasons during the period 1976-1980

because early prolarvae were consistently captured (table 9-13). He

reported newly hatched larvae first appearing in 1976 on Harch 22 at a

water temperature of 13.4*C. They were present in samples for the next

three weeks until April 12, when water temperatures reached 17.10C,

indicating a 4-week spawning season. During this study, sauger larvae

first occurred in samples from late March to mid-April (figure 9-8) at

water temperatures ranging from 12.8 to 18.50C. Spawning duration

similar to that of 1976 was implied by the biweekly data of 1977, 1979,

and 1980, when 5- and 6-mm larvae were collected during two or three

consecutive sampling periods.

Scott reported that analysis of variance detected significant

differences in the abundance of sauger larvae transported past the

Bellefonte site in 1976 between day versus night samples, and shallow

versus deep samples. Host larvae were collected at night, and were more

abundant in samples from deep strata. During this study, most sauger

larvae were collected at night (table 9-14). In 1979 and 1980, the two

years of greatest sauger abundance, 84 and 71 percent, respectively, of

the sauger larvae collected were from night samples. During most years of
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this study, numbers of sauger larvae in collections were too low to

identify trends in vertical distribution.

Aplodinotus grunniens--Percent composition of freshwater drum

larvae at the BLN plant transect varied, from 2.3 in 1977 to 31.1 in 1983

(table 9-5). They first appeared in samples in late April most years and

were present all years through August when sampling ended (figure 9-9).

Greatest densities were observed in June each year. Seasonal diel

densities were variable with no discernable trend (table 9-7). Seasonal

densities of freshwater drum larvae across the Bellefonte plant transect

were relatively uniform, though higher in the south channel most years

(table 9-8). With few exceptions, greater densities of freshwater drum

larvae were recorded from deep-channel strata (table 9-9). Likewise,

densities of freshwater drum larvae from the mid-channel epibenthic

station in the channel north of Bellefonte Island were comparable to

those from the deep strata of other channel stations.

Seasonal densities of freshwater drum larvae at BLN were always

less than densities of freshwater drum eggs. This is not unexpected in

that most of the semibuoyant eggs spawned in the river reach between

Widows Creek Steam Plant and the BLN site would drift past the BLN sample

area prior to hatching.

9.2.2 Juvenile and Adult Fish

Cove Rotenone--Since 1971, 62 fish species have been collected

in cove rotenone samples in Guntersville Reservoir. This contrasts

somewhat with the number of species (55) that occurred in rotenone

samples during the preoperational monitoring period, 1974-1983 (table

9-15). However, as indicated in appendices A and B, numbers and biomass
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of fish collected in cove rotenone samples were usually dominated by few

species with several species occurring incidentally. For any given year

since 1974, the total number of species has been comparable. For

example, 34 species were collected in 1974 and 31 species in 1983.

Numerically, the 1983 samples were dominated by 4 species: Redear

sunfish (43 percent), bluegill (24 percent), gizzard shad (14 percent),

and threadfin shad (11 percent). Whereas biomass was dominated by

gizzard shad (54 percent) and redear sunfish (17 percent) (table 9-16).

Standing stock estimates of fish in Guntersville Reservoir by

size class and use category are presented in tables 9-17 and 9-18. Total

number of fish in all size classes ranged from about 10,000/ha in 1974 to

58,000/ha in 1980, and total biomass ranged from 238 kg/ha in 1983 to

463 kg/ha in 1981. The extreme range in abundance occurred in the

young-of-year size class which was usually dominated by lepomids (redear

sunfish and bluegill primarily), particularly in 1980 when dense stands

of aquatic macrophytes were not treated prior to rotenone sampling.

Also, the large number of young-of-year lepomids in 1980 was reflected in

the highest estimated game fish biomass, 121 kg/ha. Prey species

comprised 64 percent (297 kg/ha) of the highest total biomass estimate in

1981. Standing stock estimates from cove rotenone in Guntersville

Reservoir (1974-1983) were similar to those observed in Chickamauga

Reservoir, another Tennessee River mainstream reservoir with abundant

aquatic macrophytes (TVA 1985).

Although removal of macrophytes in coves prior to rotenone

application may alter the composition of the fish population to some
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degree, this procedure to date has provided relatively consistent popula-

tion estimates. As indicated from cove rotenone samples in 1980, numbers

of young-of-year lepomids are probably underestimated with weed removal.

On the other hand, dense aquatic weed stands in coves appear to alter

distribution of adults of some species. The overriding purpose of weed

removal has been to facilitate fish recovery following application of the

rotenone. Also, due to the relative nature of fish standing stock esti-

mates in reservoirs, the importance of collecting comparable samples

(power plant preoperation vs. operation) under similar environmental

conditions has been emphasized (Barwick 1984).

Temporal Trends--Because cove rotenone samples are generally

dominated by few species, emphasis for evaluating population trends has

been focused on these important (dominant) species. Eleven species were

ranked important in the preoperational monitoring period (1974-1983) for

BIi (table 9-19). Four species (bluegill, redear sunfish, largemouth

bass, and gizzard shad) occurred in every sample. -Numerically, cove

rotenone samples were dominated by bluegill and redear sunfish,

38 percent and 31 percent, respectfully. Gizzard shad comprised only

11 percent of the population by number, but dominated biomass at 44 per-

cent. Biomass composition by bluegill and redear sunfish was 13 percent

and 9 percent, respectfully. Largemouth bass constituted about 4 percent

of estimated total biomass during the preoperational period. Results of

linear regression analyses (table 9-20) and numerical abundance and bio-

mass estimates of young, intermediate, and adult size classes of the

eleven species through time are discussed below.
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1. Spotted gar

Biomass of spotted gar, highest in 1974 (11 kg/ha), was dominated by

the adult size class (table 9-21). However, biomass of this size

class had a significant decreasing trend. The young and inter-

mediate size classes showed neither an increasing nor decreasing

trend.

2. Gizzard shad

Total numbers and biomass of this species were highest in 1981, when

peak numbers of both young and adult size classes occurred (table

9-22). Generally, standing stock estimates for young-of-year

gizzard shad varied more than those for adults. Standing biomass of

young shad ranged from 0.08 kg/ha in 1975 to 22 kg/ha in 1981, and

biomass of adult shad ranged from 75 kg/ha in 1974 to 294 kg/ha in

1981. Significant increasing or decreasing trends did not occur in

either size class.

3. Threadfin shad

Neither increasing nor decreasing trends were found for young'or

adult threadfin shad. Highest biomass (15 kg/ha) was recorded in

1975, the only year that adults were collected in rotenone samples

(table 9-23).

4. Bullhead minnow

Highest numbers (1,167/ha) of bullhead minnow occurred in 1977

(table 9-24), but it was absent in 1974 and 1982 samples. Number of

fish of this species showed a significant decreasing trend. Biomass

was consistently low, but no trends were noted.
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5. Channel catfish

Number of fish or biomass of all size classes of channel catfish

showed a significant decreasing trend in the preoperational period

1974 to 1983. Number of fish and biomass for all three size classes

was highest in 1975 with a total biomass of 18 kg/ha (table 9-25).

6. Warmouth

Total number (2,200/ha) of warmouth was highest in 1979 and total

biomass (6 kg/ha) peaked in 1980 (table 26). Numerically, young-of-

year comprised 94 percent of the 1979 sample and 90 percent in

1980. Significant increasing or decreasing trends were not

established for any size class of this species.

7. Bluegill

Total.biomass estimates for bluegill ranged from 52 kg/ha in 1977 to

12 kg/ha in 1981 (table 9-27). The greatest variability in standing

stocks for this species occurred in young-of-year and Intermediate

size classes. For example, from 1974 through 1979, mean percent

composition of total biomass by intermediate size bluegill was

37 percent, and in the last four years (1980-1983) it was 22

percent. Number and biomass of adults were generally more stable,

but on the basis of regression analyses, number of young,

intermediate, and adults and biomass of intermediates and adults had

a significant decreasing trend.

8. Longear sunfish

Total biomass estimates for longear sunfish did not exceed 2 kg/ha,

except in 1976 when it was 3.9 kg/ha (table 9-28). This species was

not collected in cove rotenone samples in 1983.. Both number and

biomass of all three size classes had a significant decreasing trend.
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9. Redear sunfish

Total biomass estimates of all three size classes of redear sunfish

ranged from 60 kg/ha in 1980 to 10 kg/ha in 1982 (table 9-29). With

exception of 1980, number and biomass of the adult size class were

relatively uniform compared to those for young-of-year. Numbers of

young ranged from 25/ha in 1974 to about 41,000/ha in 1980.

However, linear regression analysis showed that only number and

biomass of adults had significant decreasing trends. Number and

biomass of young-of-year redear showed an increasing trend, but not

statistically significant.

10. Largemouth bass

Total estimated biomass for the three size classes of largemouth

bass ranged from about 8 to 16 kg/ha (table 9-30). Number and

biomass of the intermediate and adult size classes were relatively

uniform throughout the preoperational period 1974 through 1983,

showing no significant increasing or decreasing trends. However,

significant decreasing trends were noted for number and biomass of

young bass. Number of fish in this size class ranged from 407/ha in

1976 to 24/ha in 1981.

11. Freshwater drum

Except for biomass of young-of-year drum, numbers and biomass of all

size classes of this species had significant decreasing trends. The

highest biomass (94 kg/ha) occurred in 1981, but no young-of-year

drum were present in rotenone samples that year (table 9-31).

Gill Netting--A total of 37 fish species, and one stocked hybrid

(white bass x striped bass), in 11 families was captured by gill netting
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during the 35 month sampling period (915 net nights). Total catch was

8,853 fish. Three species accounted for 56 percent of total catch

(table 9-32): gizzard shad (24 percent), yellow bass (16 percent), and

skipjack herring (16 percent). Fifteen fish species qualified as

important. These are listed by overall c/f in table 9-33.

No significant differences (a 0.05) were found in c/f of all

fish species combined when comparing left and right banks within sta-

tions (t-tests). A similar set of comparisons using combined important

species revealed a significant difference (a 0.05) in c/f between

left and right banks only at station 1 during fall quarter. Because 11

of 12 comparisons of important species c/f showed no significant differ-

ence between left and right banks, all catch data within stations were

pooled for subsequent analysis.

NANOVA revealed significant effects for quarter, year, station,

and year x quarter interaction on c/f of the important species assemblage

(table 9-34). The greatest effect was from quarter, a predictable result

because catchability of fish in nets is greatly influenced not only by

seasonal changes in distribution and abundance (e.g., spawning migration

and recruitment) but by seasonally varying environmental factors (e.g.,

water temperature and velocity) that affect actions of fish. The next

greatest effect was among years followed by year x quarter interaction

and by station effect (table 9-34).

Effects of quarter, year, station, and year x quarter inter-

action on individual important species were examined in three-way ANOVA.

Quarter had a highly significant effect (a = 0.01) on c/f of all but

two important species, golden shiner and largemouth bass (table 9-35).
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These quarterly differences are apparent in table 9-36, a listing of mean

quarterly c/f for all important species. Generally, c/f was greatest

during spring or summer with sauger and white crappie being exceptions.

Sauger c/f was highest during winter, white crappie during fall. As

noted previously, these quarter effects reflect seasonal trends in dis-

tribution, daily movement patterns, etc., that could be partially

explained by examining the biology of each species. Such-detail would

serve no purpose in this report. Operational monitoring data should be

examined for significant deviations from these seasonal relative abun-

dance trends. If differences were found, it would be necessary then to

examine in detail the biology of any affected species to identify poten-

tial causative factors.

Year had a highly significant effect on c/f of 8 important

species: spotted gar, skipjack herring, mooneye, channel catfish, white

bass, white crappie, sauger, and freshwater drum (table 9-35). Station,

however, influenced c/f of only two species, spotted gar and longnose

gar. Year x quarter interaction had a highly significant effect (e =

0.01) on five species, spotted gar, mooneye, bluegill, redear sunfish,

and sauger, and a significant effect (c = 0.05) on freshwater drum.

Three-way ANOVA revealed individual important species c/f varied

more temporally (both seasonally and yearly) than spatially (by station),

hence the greater values for temporal effects in KANOVA. Except for

longnose gar and spotted gar, distribution of important species was

fairly uniform in Guntersville Reservoir near BLN at any given time

(i.e., year and quarter effects excluded). This finding suggests
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operational impacts of BLN might be most evident in altered distri-

bution of important species captured by gill netting. If station becomes

a significant effect for several additional species during operational

gill netting, potential impacts of BLN would be indicated.

Two-way ANOVA (year and station) for each quarter and each

species removed seasonal effects and clarified spatial and temporal

patterns identified in three-way ANOVA. Significant effects of station

on spotted gar c/f during summer and fall quarters and on longnose gar

during summer were found with this analysis (table 9-37). Examination of

catch data by station and Duncan's New Multiple Range Test revealed

relative abundance of these two species changed uniformly from upstream

to downstream (table 9-37). Spotted gar abundance increased progressing

from upstream to downstream stations while longnose gar abundance

increased from downstream to upstream. Explanation for the inverse

relationship between upstream/downstream c/f for longnose and spotted gar

is lacking. Although both species generally spawn in the same type

habitat, other habitat preferences are not well documented. Based on

frequent occurrence of spotted gar in cove rotenone samples, this species

may be more abundant in overbank areas with less current velocity.

Downstream gill net stations contain more overbank area than upstream

stations where longnose gar dominated. Significant changes in these

distribution patterns during BLN operation might indicate plant impacts.

The eight species (identified previously) showing significant

year effects in three-way ANOVA were tested for significant year effects

by quarter with two-way ANOVA. Only two of these eight species, white

bass and sauger, demonstrated a year effect during all four quarters
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(table 9-38). Catches of both species were significantly greater in 1981

than during subsequent years. Abundance of white bass apparently

declined throughout the sampling period. Decline of sauger was nlot as

consistent among quarters as white bass (table 9-35) and year x quarter

interaction was highly significant in three-way ANOVA (table 9-35).

White bass and sauger move upstream in winter and spring, concentrate in

tailwater areas prior to spawning, and then disperse throughout the

reservoir during sunmmer. Gill net stations in the vicinity of BLN are in

the path of these movement patterns, as indicated by higher c/f in winter

for sauger and in spring for white bass.

Significant year effects for mooneye resulted from unusually

high c/f for this species during winter and particularly spring of 1981

(table 9-38). Catch of mooneye remained relatively low throughout the

rest of the sampling period, and no trends in abundance were evident from

summer and fall c/f values. The significant year x quarter interaction

for mooneye (table 9-35) reflects this temporal inconsistency. There-

fore, it seems more likely year effects for mooneye resulted from unusu-

ally high catchability, e.g., high recruitment or unusual movement

patterns for winter-spring, 1981, than long term trends in abundance.

Year effects for freshwater drum also resulted from relatively

high c/f during winter and spring, 1981T (table 9-38). Inconsistencies

among quarters, however, were greater than for mooneye, and year x

quarter interaction was significant in three-way ANOVA (table 9-35). As

with mooneye, no long-term trends were indicated for freshwater drum.

Year effects for channel catfish were driven by significant

differences in c/f among years only during spring, and for white crappie
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by significant differences only during winter. Year x quarter inter-

action values were not significant for either of these species in three-

way ANOVA (table 9-35). This was reflected in fairly consistent declines

in c/f during all quarters over the sample period (table 9-36). It can-

not be concluded that abundance of these two species was declining, how-

ever, because significant differences were limited to one quarter for

each species.

Differences in c/f among years (table 9-38) were highly signi-

ficant during two quarters for spotted gar (spring and fall), and skip-

jack herring (winter and spring). Spotted gar c/f was greatest in 1983

during spring quarter (1.16 per net night) but highest in 1982 during

fall (0.80 per net night). This inconsistency in quarterly catch among

years was reflected in a highly significant year x quarter interaction in

three-way ANOVA (table 9-35).

Catches of skipjack herring during winter and spring were

significantly greater in 1981 than in 1982 and 1983. These differences

were responsible for the highly significant year effect found for this

species in three-way ANOVA (table 9-35). However, skipjack herring c/f

was highest in 1983 during summer, higher in 1983 than 1982 during

spring, and practically equal in 1982 and 1983 during fall. Therefore,

no long term trend in abundance was indicated. Fairly uniform changes in

c/f among quarters resulted in no significant year x quarter interaction

in three-way ANOVA (table 9-35).

Electrofishing--During the 33 month sampling period, 1,625

electrofishing runs yielded 9,086 fish of 26 species representing

10 families. Three species dominated the samples; gizzard shad comprised
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62 percent of the total catch, emerald shiner 13 percent, and bluegill

12 percent (table 9-39). Along with these species, redear sunfish and

largemouth bass exceeded 1 percent of total catch and qualified as

important species (table 9-40).

No significant differences (a = 0.05) in c/f of combined

important species between left and right banks were found for any of the

stations. Only 1 of 12 comparisons between left and right banks showed

significant differences in c/f of all species combined, that was at

station 3 during fall (t = 2.288; probability of exceeding ITI =

0.040). In subsequent analyses, catch data from left and right banks at

each station were combined.

RANOVA revealed that c/f of the fish assemblage important in

electrofishing was significantly influenced by year, quarter, and year x

quarter interaction (table 9-41). Quarter exerted the greatest

influence, as in the analysis of gill netting catch data. This quarter

effect simply reflects combined responses of the five important species

to the same seasonally variable physical and biotic factors discussed

under gill netting. (Emerald shiner was the only species important in

electrofishing not also important in gill netting.) The next greatest

effect was from year x quarter interaction followed by year effect

(table 9-41).

Quarter effects were highly significant for all important

species in three-way ANOVA testing (table 9-42). It is unlikely,

however, that these quarterly patterns (table 9-43) could be used to

detect BLN operational impacts because of highly significant year x

quarter interactions for all important species (table 9-42). Interaction



between short term (quarter) and long term (year) temporal effects is

evident by inspection of quarterly catch data for each year (table

9-44). Quarterly changes in c/f were not consistent throughout the three

years of sampling. For example, highest c/f for emerald shiner in 1981

occurred during spring quarter, in 1982 during winter quarter, and in

1983 during fall quarter. Similar inconsistencies account for year x

quarter interactions for all other important species.

Year effect was highly significant for emerald shiner and

largemouth bass and significant for bluegill and redear sunfish in

three-way ANOVA testing (table 9-42). Catch per effort for bluegill and

largemouth bass was highest in 1983, lowest in 1982, and intermediate in

1981 (table 9-45). Emerald shiner and redear sunfish c/f was also lowest

in 1982, and practically equal in 1981 and 1983. However, comparison of

yearly c/f for each quarter (table 9-44) reveals no consistent time trend

for any of these species. As noted previously, significant year x

quarter interactions were due to inconsistent yearly trends among

quarters.

Station effect was highly significant for emerald shiner and

significant for gizzard shad (table 9-42). Duncan's New Nultiple Range

Test revealed c/f of emerald shiner was significantly greater at station

2 than all other stations except number 3 (table 9-46). Inspection of

quarterly c/f data for each station reveals that exceptionally high c/f

during fall quarter (table 9-46) was primarily responsible for station

differences. Number and c/f of emerald shiner occurring in monthly

samples at each station were examined, and four samples with unusually

high c/f were found (table 9-47). These four samples accounted for 58

percent of all emerald shiner taken in electrofishing indicating a very
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patchy distribution of this species. Occurrence of emerald shiner in

only 7 percent of all electrofishing runs and significant quarter x

station and year x quarter x station interactions further supports this

conclusion. Thus, the apparent station effect for thus species does not

appear likely to provide a test of BLN impacts.

Duncan's New Multiple Range Test demonstrated gizzard shad c/f

was greater at station 2 than in Mud Creek and at station 1 (table

9-46). Gizzard shad displayed a more consistent spatial distribution

pattern than emerald shiner. Inspection of quarterly catch data for each

station reveals c/f was highest at station 2 during 3 quarters (spring,

summer, and winter). There was no significant interaction between

station, year, and quarter for gizzard shad in three-way ANOVA testing

(table 9-42).

Lack of station effects or significant station interaction

terms for all species except emerald shiner suggests potential changes in

distribution of these species due to BLN operation could be tested by

electrofishing. However, it appears doubtful electrofishing could detect

changes in distribution because it provided little information about the

Guntersville Reservoir fish assemblage in the vicinity of M1N. Of the

26 species captured by electrofishing, 5 were classified important but

only after the criteria were changed from that usually employed.

Ordinarily, important species are defined as those occurring in 50

percent or more of all electrofishing runs. With this criterion, only

gizzard shad (50.5 percent) would have qualified; therefore, the criteria

were modified to make greater use of the data. Even with the modified

criteria, information about temporal changes in abundance of all
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important species was limited by strong year x quarter interactions.

Information about distribution of emerald shiner was limited by

significant interaction along station, year, and quarter.

Problems encountered with electrofishing data may have been due

to ineffectiveness of this gear in sampling littoral habitat near BLN.

Approximately 38 percent of all electrofishing runs yielded no fish.

Capture frequency (number of fish per electrofishing run) should follow a

Poisson distribution. Comparison of observed with expected frequency

distributions (table 9-48) demonstrated electrofishing near BLU resulted

in an exceptionally high number of runs yielding zero or one fish. From

inspection of the data in table 9-48 it is apparent the chi-square test

was not needed to determine the distributions were different.

9.3 Summary and Concludions

9.3.1 Fish Eggs and Larvae

Composition and relative abundance of ichthyoplankton in the

vicinity of BLN on Guntersville Reservoir was typical of other mainstream

Tennessee River reservoirs. Freshwater drum eggs dominated egg

collections. Larvae were dominated by clupeids (59-94 percent) with

freshwater drum second in abundance (2-31 percent). No other taxon

exceeded 10 percent composition in a year. Temperate bass exceeded 1

percent of the total catch five of the seven years of this study and

ictiobine larvae exceeded one percent three years. Lepomids and

cyprinids were the only other taxa to exceed 1 percent of the total

larval catch at BLN in a given year. Lower abundances of the latter two

taxa at BLN compared to previous data from Guntersville and to other
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reservoirs are due to the elimination of overbank sampling at the BLN

transect after 1977.

Ichthyoplankton data collected at BLN has aided in documenting

the Tennessee River upstream of BLN as an important spawning area for

Polyodon spathula (Wallus 1983) and Stizostedion canadense (Scott, KS),

two important migratory species. Paddlefish spawns above BLN, as well as

ictiobine spawns, appeared related to annual discharge rates from

Nickajack Dam. Freshwater drum also spawned in the vicinity of BLN and

upstream as evidenced by high densities of freshwater drum eggs from BLN

samples.

During the period 1975-1976, ichthyoplankton of Guntersville

Reservoir near BLN, while varied, was dominated by clupeids

(approximately 70-90 percent of all larvae captured). Cyprinids,

catostomids, percichthyids, sciaenlds and in certain restricted habitats,

centrarchids, were important constituents but neither exceeded 10 percent

of the larvae captured (TVA 1977). Data collected during this study

period, 1977-1983, indicated no major changes in the relative abundance

or distribution of ichthoplankton In the vicinity of BLN.

9.3.2 Juvenile and Adult Fish

Estimates of fish standing stocks by cove rotenone sampling

indicated fish populations in Guntersville Reservoir coves were dominated

by 11 species although more than 50 species occurred in samples during

the BLN preoperational period, 1974-1983. These 11 species were further

dominated by 5 species: bluegill, freshwater drum, gizzard shad, large-

mouth bass, and redear sunfish. Numerically, these species ranked as
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follows: bluegill (38 percent), redear sunfish (31 percent), gizzard

shad (11 percent), freshwater drum (1.3 percent), and largemouth bass

(1.3 percent). Accordingly, biomass composition was: gizzard shad

(44 percent), bluegill (13 percent), freshwater drum (11 percent), redear

sunfish (9 percent), and largemouth bass (4 percent).

Number or biomass of fish of one or more size classes for 8 of

the 11 dominant ("important") species showed significant decreasing

trends over the period 1974-1983. Causes for these declining trends were

not apparent. However, they did not appear to be associated with any

drastic changes in water quality. Presence or absence of aquatic macro-

phytes in coves may have influenced the standing stock estimates, but

this was not clearly defined. For example, number of young-of-year

redear sunfish (41,000/ha) was highest with dense growths of macrophytes

present, while the highest estimate for number of young-of-year bluegill

(22,000/ha) occurred under sparse macrophyte conditions.

Although standing stock estimates of fish in Guntersville

Reservoir were comparable to other TVA mainstream reservoirs, consider-

able year to year variation in these estimates were apparent. In addi-

tion to changes in the actual fish population, various factors or condi-

tions can influence standing stock estimates via cove rotenone sampling;

however, it is difficult to delineate specific factors for a single given

year. Annual estimates for several succeeding years, as presently

conducted, is considered the best approach in monitoring potential

adverse changes relative to operation of BLN.
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Relative abundance of fish species important (dominant) in gill

net catches varied more temporally (both seasonally and yearly) than

spatially (by station). Consistent trends in relative abundance through

the 33-month sampling period were not apparent, except for a decline in

white bass. Catch per unit effort of sauger, white crappie, and channel

catfish also tended to decline through the sampling period, but these

trends were either inconsistent (year x quarter interactions) or not

statistically significant. Lack of station effects, except for longnose

and spotted gar, suggests BLN operational impacts might be most evident

in altered distribution of species dominant in gill netting.

Electrofishing samples provided little additional information

about adult and juvenile fish distribution and relative abundance not

available from cove rotenone and gill netting. An unusually high number

of electrofishing runs yielded no fish. Causes of the low capture rate

can only be speculated on at present and may have been due to

unsuitability of the sampling method for littoral habitat near BLN.



I

'-p

0
rqr

C
2

C-

O COVE ROTENONE SITES
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10.0 SUMMARY AND CONCLUSIONS

This preoperational assessment of water quality and biological

resources of Guntersville Reservoir near BLN was written to satisfy

monitoring requirements of NPDES Permit No. AL0024635 and provide a base-

line description of habitat diversity, spatial-temporal trends, pre-,

existing reservoir conditions, and cause/effect relationships between

biological communities and environmental factors.. When operational

studies are completed, this assessment and results of a subsequent

baseline study to precede fuel loading of unit one, will allow evaluation

of project impacts and provide protection from liability for existing

aquatic conditions.

Several events which have occurred within Guntersville Reservoir

(other then BLN) will continue to have potential for affecting aquatic

conditions. These include operation of Widows Creek Steam Plant (24.9 km

upstream of BLN), herbicide treatments of aquatic habitats to reduce

growth of aquatic macrophytes, and operation of a commercial sand and

gravel dredge in the immediate vicinity of the BLN site. Discovery of

the pervasive aquatic macrophyte species Hydrilla verticillata on

Ountersville Reservoir in 1982 will likely intensify efforts to reduce

aquatic macrophyte growth. Bypass of the sewage treatment facility at

Chattanooga, Tennessee (Nickajack Reservoir), during 1982 and 19a3 had no

measurable impact on water quality in Guntersville Reservoir (biological

related parameters).

Water Quality

Evaluation of Nickajack tailrace data (water entering

Guntersville Reservoir) identified a significant (a = 0.05) increase
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over time in total-P and a highly significant (a = 0.01) decrease in

NO2 N 3-N and summer (June-September) DO concentrations. Evaluation

of water quality in the vicinity of BLN indicated the study area was

relatively stable, as only a few parameters changed significantly over

the entire period of study. Changes which did occur were observed

between data collected during 1974-1979 and data collected during

1982-1983. Of particular interest was an increase in BOD, TOC, and

organic nitrogen in 1982-1983. The increase in BOD, TOC, and organic

nitrogen appeared to coincide with bypass at Moccasin Bend sewage

treatment plant into Nickajack Reservoir upstream of Guntersville

Reservoir and BLN. However, analysis of water quality data in Nickajack

Dam tailrace indicated changes observed near BIN were unrelated to the

Moccasin Bend bypass. Increases in these organic-related parameters near

BLN may be related to increased colonization of Guntersville Reservoir by

aquatic macrophytes which showed substantial gains in 1980 and 1981 and

remained high (> 12,000 acres) during 1982 and 1983. The increase in

aquatic plants represented an approximate doubling of acres colonized

within Guntersville Reservoir between 1979 and 1982.

Copper and lead concentrations frequently exceeded the average

water quality criteria, and lead also exceeded the maximum criteria at

all mid-channel stations.

Phytoplankton

Phytoplankton assemblages of the mainstream channel and left

overbank habitats were diverse. Twenty-two of the 137 phytoplankton

genera identified during the study were important with regard to

abundance, representing at least 10 percent of total abundance during one

or more collection periods.
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Comparisons of community structures from the mainstream channel

and left overbank habitats indicated a low degree of similarity among

overbank stations (a result of flow isolation which allowed development

of distinct and separate communities) compared to channel stations which

were contiguous with regard to flow.

Patterns of algal succession changed during the preoperational

study period. Chrysophyta and Chlorophyta dominated the phytoplankton

assemblage every collection period in 1974 and Chrysophyta was again

dominant every collection period (except Karch) in 1983. During

1975-1982 Cyanophyta became the most abundant phytoplankton group,

comprising especially large segments of the total assemblage in August

1975 (77 percent), August 1976 (81 percent), and July (83 percent),

September (76 percent), and October (73 percent) in 1977. Dominant

Cyanophyta genera were Anacystis and Werismopedia during 1975-1982, but

changed to Oscillatoria in 1983. Cyanophyta dominance was usually

greater on the overbank habitat than In the river channel. October 1982

and several months in 1983 were unique in that Cyanophyta was not

represented in the phytoplankton community. The dominant genus occurring

most often during the study was a chrysophyte, Melosira.

Phytoplankton abundance was greater for the overbank habitat

than the mainstream channel. The most productive stations with regard to

cell numbers were TRE 388.0 in the channel and TRE 386.4 on the left

overbank, indicating a downstream increase in phytoplankton abundance.

Greatest phytoplankton abundance measured during the monitoring period

exceeded 56 million cells/L at TRM 386.4 in August 1982.

Temporal evaluation of phytoplankton indicated a cyclic

abundance pattern for the channel habitat, beginning low in 1974,
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increasing through 1977, and declining during 1982 and 1983 to abundance

levels at or below those measured in 1974.

Average chlorophyll a concentrations normally were below the

10-30 mg/mr range indicating potentially eutrophic conditions; however,

maximum single-sample concentrations occasionally fell within that

range. Maximum chlorophyll concentrations on the left overbank were much

greater than corresponding channel concentrations.

Primary productivity data were extremely variable from month-to-

month, ranging from a few (<10) to several thousand mg C/m2 /day.

Reduced and/or fluctuating solar radiation several days before sampling

appeared to reduce productivity.

Phytoplankton data were quite variable with regard to stations,

months, and years such that spatial trends were seldom obvious. However,

there was a trend indicated for greatest total phytoplankton abundance

and Cyanophyta dominance on the left overbank and at downstream sampling

locations.

Zooplankton

The most consistent component of the zooplankton assemblage was

larval copepods (nauplii), but adult copepods were only rarely (twice)

present as a major component of the community. The second most prevalent

form was the cladoceran, Bosmina longirostris which generally dominated

channel zooplankton from May to the end of the sampling year.

Several conclusions can be made from zooplankton data collected

during the period 1974-1979 and 1982-1983. These include:

1. Short-term fluctuations (<one year) in the zooplankton assemblage
(both in terms of occurrence and relative abundance) occur frequently
near BLN.

45'



2. Based on the occurrence of taxa, the three sample stations in the
channel group were more similar than different.

3. Overbank stations showed a greater degree of variability with respect
to total density and similarity indices (SQS and PS) than channel
stations. This was probably due to a more "patchy" distribution of
zooplankton in overbank areas, and less mixing enabling communities
to develop in separate overbank areas. Overbank stations were much
more productive than channel sites.

4. Number of taxa present, species diversity, and total zooplankton den-
sities were usually lower at the beginning (February) and end
(October) of the sample year than in the summer season.

5. The most productive channel station (station 2) and overbank station
(station 6) are nearest the BLN diffuser, whereas the least produc-
tive station (station 3) represents the upstream "control".

Periphyton

The periphyton community in the vicinity of BLN was sampled

using artificial (plexiglass) substrates. Forty-eight of the 62

periphyton genera identified during the study were regular components of

the community. Ten of these genera were considered dominant, accounting

for 19.8 to 91.9 percent of the total abundance in any sample.

At the channel stations there was a general increase in numbers

of genera from 1974 to 1978 then a decline in 1982 and 1983 to levels

similar to 1974-1975. The number of taxa at channel and overbank

stations ranged from 5-24 and 5-17, respectively.

Comparison of community structure among stations were usually

similar based upon taxa. A high percentage of comparisons based upon

taxa and abundance were low. This trend held for comparisons involving

both channel and overbank habitats.

Channel stations had chrysophytes as the dominant group during

1974-1976, with Cocconeis and Achnanthes the predominant forms. Beginning

in 1977 and continuing through 1983, chrysophytes dominated early in the
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year, in June chlorophytes began to dominate at some stations and both

groups were intermittently dominant for the remainder of the year. When

chrysophytes were dominant, Achnanthes was usually the most predominant

diatom, while Stigeoclonium was the predominant chlorophyte taxa when

chlorophytes were dominant. Overbank stations exhibited similar

percentage composition changes as channel stations except that

chlorophytes were predominant at all overbank stations in April 1983 and

cyanophytes were never the predominant group.

Periphyton data pooled over years indicated the total abundances

at TRis 388.0 and 396.8 were similar and both significantly greater than

densities at TRH 391.2. All channel stations had significantly higher

abundances than overbank stations, with TRH 388.4 (overbank) having the

lowest abundance which was significantly lower than other overbank

stations.

Data pooled over stations indicated total abundances were

similar during 1977 and 1978 and higher than other years. Abundance

during 1982 and 1983 were also similar, but lower than other years.

Abundances were usually highest in June and lowest in September or

October.

The corrected chlorophyll a (CCA) was lowest in 1982 samples and

highest in 1978 samples for channel stations. Overbank stations had the

greatest range of CCA values in 1983. There were no consistent periodic

trends for the CCA but this parameter, except for 1974, did exhibit a

strong direct relationship with total abundance. The pheophytin index

(PI). the ratio of active chlorophyll a to its degradation product,

pheophytin a, was highest in 1975 indicating healthy algal populations.
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The PI declined steadily from 1975, the first calculated, to the lowest

values for the study in 1983.

AI values for the channel stations were lowest in 1974,

increased through 1976, declined in 1977 then continued to rise steeply

for the remainder of the study. There was no logical correlation of this

steep rise with any chemical data other than noting a general rise in the

levels of TOC, organic nitrogen, and BOD 5 which may have given rise to

the increased AI values.

Values for channel station Al's were usually high early in the

year then became inconsistent for the remainder of the year. Both 1982

and 1983 overbank AI values were generally similar to the channel

stations.

Through the monitoring period, periphyton abundance has

exhibited a long term cycle with 1974 as the nadir and 1978 as the peak.

Any comparison of abundances in the future with these must consider such

apparent cycle. During this time, chlorophytes have occupied

increasingly larger portions of the periphyton community and cyanophytes

have only rarely been significant. Genera composing the periphyton

assemblage at anytime were similar; however, there were differences in

the abundances of these genera, usually with channel stations having more

dense populations. Trends in chlorophyll levels were usually in good

agreement with those of total abundances. However, there was a general

increase through the years of pheophytin a levels. Autotrophic indices

were very variable for each station through 1977, then began to increase

through 1983. Reasons for this increase may be a shift toward more

heterotrophic growth because of apparent increases in organic materials

(suggested by increases in TOC, organic-N, and BOD5 ). This too may be
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part of a reservoir cycle as was suggested for the total abundance. This

possible cyclic nature in the ratio of periphytic autotrophs to

heterotrophs should also be considered when future AI values are compared

to these.

Overall, the periphyton community was relatively healthy,

exhibiting typical densities, taxa, and abundances for this portion of

the mainstream Tennessee River system.

Macroinvertebrates

A total of 138 macroinvertebrate taxa were found at the seven

stations monitored in the vicinity of BLN from 1974-1979 and 1982-1983.

A general increase in number of taxa and in number of organisms was

observed throughout the study period. Higher diversity values reflected

these increases.

The macroinvertebrate community in the channel was dominated by

the asiatic clam Corbicula manilensis and oligochaetes through 1979

(based on Ponar sampling). However, when sampling was resumed in 1982, a

major shift in dominance was evident. The burrowing mayfly, Hexagenia

op., became the most numerous taxon at all three stations (TRMs 388.0,

391.2, and 396.8). Artificial substrate samples, taken from 1974 through

May 1979, showed many changes in dominant rheophilic taxa, although the

caddisflies Cyrnellus fraternus and Seureclipais were usually coimuon. In

1980, the chironmid Cricotopus was dominant at all three stations.

The overbank community exhibited two seasonal trends. The mean

number of taxa was highest in spring, decreasing in summer to a low in

October. The mean number of organisms decreased steadily throughout

spring to a low in late summer, followed by an increase in October. The
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burrowing mayfly, Hexagenia sp., and the chironomids Coelotanypus and

Chironomus were usually the dominant taxa. In general, Corbicula

manilensis increased in numbers throughout the four sampling years

(1978-1979, 1982-1983), whereas Hexagenia decreased.

The observed spatial and temporal changes in the macroinverte-

brate fauna in the vicinity of BLN were not investigated in a causative

manner in this study. No physical conditions or water quality changes

within the reservoir could be definitely attributed to increasing or

decreasing trends in numbers of taxa or individuals.

Aquatic Macrophytes

Acreages of submersed and floating-leaved aquatic macrophytes in

the vicinity of BLN increased from the late 1970's until 1981 or 1982,

then declined in 1983. This trend paralleled that for Guntersville

Reservoir. While several species of submersed macrophytes occurred in

the vicinity of BLN, Eurasian watermilfoil was the dominant submersed

macrophyte species.

Eurasian watermilfoil comprised the largest percentage of

submersed macrophyte standing crop for most sampling dates. Regression

analysis indicated significant or highly significant trends at three

sampling stations. Although all three of the stations represent channel

habitat, the trends were not consistent as two increased and the other

decreased. Pooled data from the two stations upstream of BLN showed a

significant increase in standing crop, whilepooled data from downstream

stations was not significant.

Analysis of variance showed significant or highly significant

differences in standing crop for all months during 1982 and 1983. The
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month with the highest and lowest standing crop differed in 1982 and 1983

and was attributed to the effect of high flows in mid-Nay 1983.

Differences in standing crop by station for 1982 and 1983 were generally

significant or highly significant. While some stations consistently

ranked high and others low, there was no readily discernable trend

relating to overbank versus channel stations.

Eggs and Larval Fish

Composition and relative abundance of ichthyoplankton in the

vicinity of BLN on Guntersville Reservoir was typical of other mainstream

Tennessee River Reservoirs. Freshwater drum eggs dominated egg

collections. Larvae were dominated by clupeids (S9-94 percent) with

freshwater drum second in abundance (2-31 percent). No other taxon

exceeded 10 percent composition in a year. Temperate bass exceeded 1

percent of the total catch five of the seven years of this study and

ictiobine larvae exceeded one percent in three years. Lepomids and

cyprinids were the only other taxa to exceed 1 percent of the total

larval catch at BLN in a given year. Lower abundances of the latter two

taxa at BLN compared to previous data from Guntersville and to other

reservoirs are due to the elimination of overbank sampling at the BLN

transect after 1977.

Ichthyoplankton data collected at BLN has aided in documenting

the Tennessee River upstream of BLN as an important spawning area for

Polyodon spathula and Stizostedion canadense two important migratory

species. Paddlefish spawns above BLN, as well as ictiobine spawns,

appeared related to annual discharge rates from Nickajack Dam.

Freshwater drum also spawned in the vicinity of BLN and upstream as
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evidenced by high densities of freshwater drum eggs from BLN samples.

Data collected during this study period indicated no major changes in the

relative abundance or distribution of ichthoplankton in the vicinity of

BLN.

Juvenile and Adult Fish

Estimates of juvenile and adult fish standing stocks by cove

rotenone sampling indicated fish populations in Guntersville Reservoir

coves were dominated by 11 species, although more than 50 species

occurred in samples during the BLN preoperational period, 1974-1983.

These 11 species were further dominated by 5 species: bluegill,

freshwater drum, gizzard shad, largemouth bass, and redear sunfish.

Numerically, these species ranked as follows:\ bluegill (38 percent),

redear sunfish (31 percent), gizzard shad (11 percent), freshwater drum

(1.3 percent), and largemouth bass (1.3 percent). Accordingly, biomass

composition was: gizzard shad (44 percent), bluegill (13 percent),

freshwater drum (11 percent), redear sunfish (9 percent), and largemouth

bass (4 percent).

Number or biomass of fish of one or more size classes for 8 of

the 11dominant ("important") species showed significant decreasing

trends over the period 1974-1983. Causes for these declining trends were

not apparent. However, they did not appear to be associated with any

drastic changes in water quality. Presence or absence of aquatic macro-

phytes in coves may have influenced the standing stock estimates, but

this was not clearly defined. For example, number of young-of-year

redear sunfish (41,000/ha) was highest with dense growths of macrophytes
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present, while the highest estimate for number of young-of-year bluegill

(22,000/ha) occurred under sparse macrophyte conditions.

Although standing stock estimates of fish in Guntersville

Reservoir were comparable to other TVA mainstream reservoirs, consider-

able year to year variation in these estimates were apparent. In addi-

tion to changes in the actual fish population, various factors or condi-

tions can influence standing stock estimates via cove rotenone sampling;

however, it is difficult to delineate specific factors for a single given

year. Annual estimates for several succeeding years, as presently

conducted, is considered the best approach in monitoring potential

adverse changes relative to operation of BLN.

Relative abundance of fish species important (dominant) in gill

net catches varied more temporally (both seasonally and yearly) than

spatially (by station). Consistent trends in relative abundance through

the 33-month sampling period were not apparent, except for a decline in

white bass. Catch per unit effort of sauger, white crappie, and channel

catfish also tended to decline through the sampling period, but these

trends were either inconsistent or not statistically significant. Lack

of station effects, except for longnose gar and spotted gar, suggests BLN

operational impacts might be most evident in altered distribution of

species dominant in gill netting.

Electrofishing samples provided little additional information

about adult and juvenile fish distribution and relative abundance not

available from cove rotenone and gill netting. An unusually high number

of electrofishing runs yielded no fish. Causes of the low capture rate

can only be speculated at present but may indicate unsuitability of the

sampling method for littoral habitat near BLN.
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Comparisons Over Time

Comparison of 1982 and/or 1983 monitoring data with earlier

years (1974-1979) indicated that aquatic conditions in the vicinity of

BLN are changing. Observations included:

1. Higher concentrations of BOD, TOC, and organic nitrogen in 1982 and
1983 than other years.

2. An approximate doubling in aquatic macrophytes within the reservoir
between 1979 and 1982 and subsequent decline in 1983.

3. Transition from a Cyanophyta dominated phytoplankton assemblage in
1975-1982 to a Chrysophyta dominated assemblage in 1983. Lowest
relative Cyanophyta abundance occurred in 1983 compared to other
years.

4. Change in dominant Cyanophyta genera (phytoplankton connunity) from
Anacystis and Nerismopedia in 1975-1982 to Oscillatoria in 1983.

5. Complete absence of Cyanophyta in the phytoplankton assemblage
during October 1982 and several months in 1983 (present in every
sample, 1974-1979).

6. Significantly lower total phytoplankton abundance in 1983 compared
to other years (channel and overbank habitats).

7. An overall increase in zooplankton abundance and average number of
taxa per sample during the period 1974-1978, then a decline in
1979-1982.

8. Increase in number of periphyton genera from 1974 to 1978, then a
decline in 1982 and 1983.

9. Chlorophytes began to appear as a dominant part of the periphyton
community in the latter part of the study, 1977-1983. Chrysophyta
had previously dominated the community, 1974-1976.

10. Significantly lower periphyton abundances in 1982 and 1983 compared
to other years.

11. Lowest periphyton phaeophytin index values of the study measured in
1983.

12. Sharp increase in periphyton Autotrophic Index Values during 1982
and 1983 (suggesting a sharp increase in organics within the aquatic
ecosytem).

13. A major shift in macroinvertebrate dominance, from Corbicula
manilensis and Oligochaeta in 1974-1979, to Hexagenia op. in
1982-1983.
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14. Significant decreasing trends over the period 1974-1983 in the

number or biomass of one or more size classes for 8 of the 11

dominant fish species (rotenone).

1S. A decline in white bass populations (gill netting).

Resumption of baseline monitoring before operation of BLN should resolve

the fate of these changes, provide information on the apparent decline in

white bass populations (gill netting), and describe long-term variability

within these data. Conclusion of this assessment, however, is that

degree of indicated change was not beyond that expected for this reach of

Guntersville Reservoir. although the fate of linear trends within these

data is uncertain. Pattern of change for algal and planktonic

communities appeared more cyclic than linear, indicating that this study

may have observed close to the full range of conditions expected for this

reservoir area under normal flow and climatic conditons.
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§ 1304.208 Shoreline stabilization on TVA-owned residential access shoreland
TVA may issue permits allowing adjacent residential landowners to stabilize eroding
shorelines on TVA-owned residential access shoreland. TVA will determine if shoreline
erosion is sufficient to approve the proposed stabilization treatment.

(a) Biostabilization of eroded shorelines.
(1) Moderate contouring of the bank may be allowed to provide conditions suitable for
planting of vegetation.
(2) Tightly bound bundles of coconut fiber, logs, or other natural materials may be placed
at the base of the eroded site to deflect waves.
(3) Willow stakes and bundles and live cuttings of suitable native plant materials -may be
planted along the surface of the eroded area.
(4) Native vegetation may be planted within the shoreline management zone to help
minimize further erosion.
(5) Riprap may be allowed along the base of the eroded area to prevent further
undercutting of the bank.

(b) Use of gabions and riprap to stabilize eroded shorelines.
(I) The riprap material must be quarry-run stone, natural stone, or other material
approved by TVA.
(2) Rubber tires, concrete rubble, or other debris salvaged from construction sites shall
not be used to stabilize shorelines.
(3) Gabions (rock wrapped with wire mesh) that are commercially manufactured for
erosion control may be used.
(4) Riprap material must be placed so as to follow the existing contour of the bank.
(5) Site preparation must be limited to the work necessary to obtain adequate slope and
stability of the riprap material.

(c) Use of retaining walls for shoreline stabilization.
(1) Retaining walls shall be allowed only where the erosion process is severe and TVA
determines that a retaining wall is the most effective erosion control option or where the
proposed wall would connect to an existing TVA-approved wall on the lot or to an
adjacent owner's TVA-approved wall.
(2) The retaining wall must be constructed of stone, concrete blocks, poured concrete,
gabions, or other materials acceptable to TVA. Railroad ties, rubber tires, broken
concrete (unless determined by TVA to be of adequate size and integrity), brick, creosote
timbers, and asphalt are not allowed.
(3) Reclamation of land that has been lost to erosion is not allowed.
(4) The base of the retaining wall shall not be located more than an average of two
horizontal feet lakeward of the existing full summer pool water. Riprap shall be placed at
least two feet in depth along the footer of the retaining wall to deflect wave action and
reduce undercutting that could eventually damage the retaining wall.
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RLR No.

GENERAL AND STANDARD CONDITIONS
Section 26a and Land Use

General Conditions

1 . You agree to make every reasonable effort to construct and operate the facility authorized herein in a manner so as to minimize
any adverse impact on water quality, aquatic life, wildlife, vegetation, and natural environmental values.

2. This permit may be revoked by TVA by written notice if:
a) the structure is not completed in accordance with approved plans;
b) if in TVA's judgment the structure is not maintained as provided herein;
c) the structure is abandoned;
d) the structure or work must be altered to meet the requirements of future reservoir management operations of the United

States or TVA, or:
e) TVA finds that the structure has an adverse effect upon navigation, flood control, or public lands or reservations.

3. If this permit for this structure is revoked, you agree to remove the structure, at your expense, upon written notice from TVA. In
the event you do not remove the structure within 30 days of written notice to do so, TVA shall have the right to remove or cause
to have removed, the structure or any part thereof. You agree to reimburse TVA for all costs incurred in connection with
removal.

4. In issuing this Approval of Plans, TVA makes no representations that the structures or work authorized or property used
temporarily or permanently in connection therewith will not be subject to damage due to future operations undertaken by the
United States and/or TVA for the conservation or improvement of navigation, for the control of floods, or for other purposes, or
due to fluctuations in elevations of the water surface of the river or reservoir, and no claim or right to compensation shall accrue
from any such damage. By the acceptance of this approval, applicant covenants and agrees to make no claim against TVA or
the United States by reason of any such damage, and to indemnify and save harmless TVA and the United States from any
and all claims by other persons arising out of any such damage.

5. In issuing this Approval of Plans, TVA assumes no liability and undertakes no obligation or duty (in tort, contract, strict liability
or otherwise) to the applicant or to any third party for any damages to property (real or personal) or personal injuries (including
death) arising out of or in any way connected with applicant's construction, operation, or maintenance of the facility which is the
subject of this Approval of Plans.

6. This approval shall not be construed to be a substitute for the requirements of any federal, state, or local statute, regulation,
ordinance, or code, including, but not limited to, applicable electrical building codes, now in effect or hereafter enacted.

7. The facility will not be altered, or modified, unless TVA's written approval has been obtained prior to commencing work.
8. You agree to notify TVA of any transfer of ownership of the approved structure to a third party. Third party is required to make

application to TVA for permitting of the structure in their name.

9. You agree to stabilize all disturbed areas within 30 days of completion of the work authorized. All land-disturbing activities shall
be conducted in accordance with Best Management Practices as defined by Section 208 of the Clean Water Act to control
erosion and sedimentation to prevent adverse water quality and related aquatic impacts. Such practices shall be consistent
with sound engineering and construction principles; applicable federal, state, and local statutes, regulations, or ordinances;
and proven techniques for controlling erosion and sedimentation, including any required conditions.

10, You agree not to use or permit the use of the premises, facilities, or structures for any purposes that will result in draining or
dumping into the reservoir of any refuse, sewage, or other material in violation of applicable standards or requirements relating
to pollution control of any kind now in effect or hereinafter established.

11. The facility will be maintained in a good state of repair and in good, safe, and substantial condition. If the facility is damaged,
destroyed, or removed from the reservoir or stream for any reason, or deteriorates beyond safe and serviceable use, it cannot
be repaired or replaced without the prior written approval of TVA.

12. You agree that if any historical or prehistoric archaeological material (such as arrowheads, broken pottery, bone or similar
items) is-encountered during construction of this facility you will immediately contact this office and temporarily suspend work at
that location until authorized by this office to proceed.

13. The Native American Graves Protection and Repatriation Act and the Archaeological Resources Protection Act apply to
archaeological resources located on the premises. If LESSEE (or licensee or grantee (for easement) or applicant (for 26a
permit on federal land)) discovers human remains, funerary objects, sacred objects, objects of cultural patrimony, or any other
archaeological resources on or under the premises, LESSEE {or licensee, grantee, or applicant} shall immediately stop activity
in the area of the discovery, make a reasonable effort to protect the items, and notify TVA by telephone (phone _). Work
may not be resumed in the area of the discovery until approved by TVA.
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14. On TVA land, unless otherwise stated on this permit, vegetation removal is prohibited.

15. You agree to securely anchor all floating facilities to prevent them from floating free during major floods.

16. You are responsible for accurately locating your facility, and this authorization is valid and effective only if your facility is located
as shown on your application or as otherwise approved by TVA in this permit. The facility must be located on land owned or
[eased by you, or on TVA land at a location approved by TVA.

17. It is understood that you own adequate property rights at this location. If at any time it is determined that you do not own
sufficient property rights, or that you have only partial ownership rights in the land at this location, this permit may be revoked if
TVA receives an objection to your water use facility from any owner or partial owner of the property rights at this location.

Standard Conditions: (items that pertain to your request have been checked.)

1 Structures and Facilities

a) El TVA number has been assigned to your facility. When construction is complete, this number shall be placed on
a readily visible part of the outside of the facility in the numbers not less than three inches high.

b) Ej The 1 00-year flood elevation at this site is estimated to be -feet mean sea level. As a minimum, your fixed
facility should be designed to prevent damage to stored boats by forcing them against roof during a 1 00-year flood event.

c) El You agree that the float will be temporarily connected (i.e., by slip pin/ropes) and not permanently attached to
nonnavigable houseboat.

d) El You agree that this shall have no side enclosures except wire mesh or similar screening.

e) Ej Buildings or other enclosed structures containing sleeping or living accommodations, including toilets and related
facilities, or that have enclosed floor area in excess of 32 square feet, are prohibited.

f) 0 Ski jumps will not be left unattended for extended periods of time. All facilities will be tied to the shoreline or to a
boathouse or pier fronting your property at the completion of each day's activities.

g) El For all electrical services permitted, a disconnect must be located at or above the -foot contour that is accessible
during flooding.

h) El You should contact your local government official(s) to ensure that this facility complies with all applicable local
floodplain regulations.

i) M The entire closed-loop coil heating and air conditioning system and its support apparatus must be either placed below
elevation _ (to provide a five-foot clearance for water craft at minimum pool elevations of _) or located
underneath a TVA approved water-use facility or other TVA approved structure. The supply and return lines must be
buried as they cross the reservoir drawdown zone in areas of water depth less than five feet (minimum pool). The liquid
contents of the closed-loop heating and air conditioning system must be propylene glycol or water, and the applicant or
authorized agent must provide TVA with written verification of this fact.

j) [] You agree that only those facilities which have been approved by TVA prior to construction will be placed within the
harbor limits and that permanent mooring buoys, boat slips, or other harbor facilities will not be placed outside the harbor,
limits.

k) EJ You agree that all storage, piping, and dispensing of liquid fuel shall comply with applicable requirements of the
"Flammable and Combustible Liquids" section of the National Fire Codes and any additional requirements of federal, state,
and local laws and regulations.

1) El You agree that the _ facility hereby approved will be used for and for no other purpose unless approved in
writing from TVA.

m) El You agree that if the construction project covered by this permit is not initiated within (18) months after the date of
issuance, this permit will then automatically expire and you must submit a new 26a permit application for TVA approval
with the applicable fee.
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2. Ownership Rights

a) El No fill will be placed higher than elevation __ maximum shoreline contour (msc), and every precaution will be taken
not to disturb or alter the existing location of the -foot contour elevation through either excavation or placement of fill.

b) El You are advised that TVA retains the right to flood this area and that TVA will not be liable for damages resulting from
flooding.

c) [: You shall notify TVA of any sale or transfer of land, which would affect the landward limits of harbor area, as far in
advance of such sale or transfer as possible.

d) El This approval of plans is only a determination that these harbor limits will not have any unacceptable effect on TVAprograms or other interests for which TVA has responsibility. Such approval does not profess or intend to give the
applicant exclusive control over the use of navigable waters involved.

e) LI You recognize and understand that this authorization conveys no property rights, grants no exclusive license, and in noway restricts the general public's privilege of using shoreland owned by or subject to public access rights owned by TVA. It
is also subject to any existing rights of third parties. Nothing contained in this approval shall be construed to detract or
deviate from the rights of the United States and TVA held over this land under the Grant of Flowage Easement. This
Approval of Plans does not give any property rights in real estate or material and does not authorize any injury to private
property or invasion of private or public rights. It merely constitutes a finding that the facility, if constructed at the location
specified in the plans submitted and in accordance with said plans, would not at this time constitute an obstruction unduly
affecting navigation, flood control, or public lands or reservations.

3. Shoreline Modification and Stabilization

a) EI For purposes of shoreline bank stabilization, all portions will be constructed or placed, on average, no more than two
feet from the existing shoreline at normal summer pool elevation.

b) EI You agree that spoil material will be disposed of and contained on land lying and being above the -foot contour.
Every precaution will be made to prevent the reentry of the spoil material into the reservoir.

c) E] Bank, shoreline, and floodplain stabilization will be permanently maintained in order to prevent erosion, protect water
quality, and preserve aquatic habitat.

d) [L You agree to reimburse TVA $_ , which is the current value of the _ acre feet of power storage volume
displaced by fill into the reservoir.

4. Water Intake

a) El1 If the reservoir falls below the elevation of the intake, the applicant will be responsible for finding another source of raw
water.

b) EI You must install and maintain a standard regulatory hazard buoy at the end of the intake to warn boaters of theunderwater obstruction. The word "intake" should be added to the buoy and be attached using a five-foot cable.

c) LI The screen openings on the intake strainer must be 1/8-inch (maximum), to minimize the entrapment of small fish.

d) LI This approval does not constitute approval of the adequacy or safety of applicant's water system. TVA does not
warrant that the water withdrawn and used by applicant is safe for drinking or any other purpose, and applicant is solelyresponsible for ensuring that all water is properly treated before using.

5. Bridges and Culverts

a) El You agree to design/construct any instream piers in such a manner as to discourage river scouring or sediment
deposition.

b) [I Applicant agrees to construct culvert in phases, employing adequate streambank protection measures, such that the
diverted streamflow is handled without creating streambank or streambed erosion/sedimentation and without preventing
fish passage.

c) E] Concrete box culverts and pipe culverts (and their extensions) must create/maintain velocities and flow patterns which
offer refuge for fish and other aquatic life, and allow passage of indigenous fish species, under all flow conditions. Culvert
floor slabs and pipe bottoms must be buried below streambed elevation, and filled with naturally occurring streambed
materials. If geologic conditions do not allow burying the floor, it must be otherwise designed to allow passage of
indigenous fish species under all flow conditions.
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d) [] All natural stream'values (including equivalent energy dissipation, elevations, and velocities; riparian vegetation;riffle/pool sequencing; habitat suitable for fish and other aquatic life) must be provided at all stream modification sites. Thismust be accomplished using a combination of rock and bioengineering, and is not accomplished using solid, homogeneousriprap from bank to bank.

e) EZ You agree to remove demolition and construction by-products from the site--for recycling if practicable, or properdisposal--outside of the 100-year floodplain. Appropriate BMPs will be used during the removal of any abandoned
roadway or structures.

6. Best Management Practices

a) L] You agree that removal of vegetation will be minimized, particularly any woody vegetation providing
shoreline/streambank stabilization.

b) LI You agree to installation of cofferdams and/or silt control structures between construction areas and surface watersprior to any soil-disturbing construction activity, and clarification of all water that accumulates behind these devices to meetstate water quality criteria at the stream mile where activity occurs before it is returned to the unaffected portion of thestream. Cofferdams must be used wherever construction activity is at or below water elevation.
c) El A floating silt screen extending from the surface to the bottom is to be in place during excavation or dredging to preventsedimentation in surrounding areas. It is to be left in place until disturbed sediments are visibly settled.

d) El You agree to keep equipment out of the reservoir or stream and off reservoir or stream banks, to the extent practicable(i.e., performing work "in the dry").

e) FI You agree to avoid contact of wet concrete with the stream or reservoir, and avoid disposing of concrete washings, orother substances or materials, in those waters.

f) LI You agree to use erosion control structures around any material stockpile areas.

g) E] You agree to apply clean/shaken riprap or shot rock (where needed at water/bank interface) over a water
permeable/soil impermeable fabric or geotextile and in such a manner as to avoid stream sedimentation or disturbance, orthat any rock used for cover and stabilization shall be large enough to prevent washout and provide good aquatic habitat.

h) El You agree to remove, redistribute, and stabilize (with vegetation) all sediment which accumulates behind cofferdams or
silt control structures.

i) E You agree to use vegetation (versus riprap) wherever practicable and sustainable to stabilize streambanks, shorelines,
and adjacent areas. These areas will be stabilized as soon as practicable, using either an appropriate seed mixture that
includes an annual (quick cover) as well as one or two perennial legumes and one or two perennial grasses, or sod. Inwinter or summer, this will require initial planting of a quick cover annual only, to be followed by subsequent establishment
of the perennials. Seed and soil will be protected as appropriate with erosion control netting and/or mulch and provided
adequate moisture. Streambank and shoreline areas will also be permanently stabilized with native woody plants, to
include trees wherever practicable and sustainable (this vegetative prescription may be altered if dictated by geologic
conditions or landowner requirements). You also agree to install or perform additional erosion control
structures/techniques deemed necessary by TVA.

Additional Conditions
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Introduction
Widows Creek Fossil Plant (WCF), placed into operation in 1954, withdraws condenser
cooling water (CCW) from the Tennessee River and is subject to compliance with the
Alabama Water Pollution Control Act and the federal Clean Water Act (CWA). Section
316(b) of the CWA requires the location, design, and capacity of cooling water intake
structures to reflect the best technology availability for minimizing adverse environmental
impact. Impingement is a component of Section 316(b) and is defined as an impact in
which fish and/or shellfish are trapped or impinged against an intake screen and often
killed in the process. Tennessee Valley Authority (TVA) conducted impingement
monitoring at WCF from June 2005 through June 2007 to assess the effects of
impingement on the aquatic community of Guntersville Reservoir. This report presents
impingement data collected from the CCW intake screens during 2005-2007 with
comparisons to historical data collected during 1974-1975.

WCF Plants A and B are located on the right bank of the Tennessee River, (Guntersville
Reservoir), at Tennessee River Kilometer (TRK) 655.8 (Tennessee River Mile [TRM]
407.5) in northeast Alabama (Figure 1). The plant consists of two sets of units (A and
B). Units 1-6 (old plant - A) were completed in 1954 with a capacity of 125,000 kilowatts
(KW) per unit. Units 7-8 (new plant - B) were both in operation by 1965 with a capacity
of 500,000 KW per unit for a total plant capacity of 1,700 megawatts.

TVA performs Reservoir Fish Assemblage Index (RFAI) (Hickman and Brown 2002)
sampling to demonstrate that WCF operation is not adversely affecting the balanced
indigenous population (BIP) of Guntersville Reservoir. The primary reason for gathering
these data is to support the continuation of the Section 316(a) thermal variance for WCF.
However, the RFAI monitoring also gives an indication of the overall impact of plant
operations on the reservoir fish assemblage and benthic community, including impacts
from the plant's cooling water intake.

Plant Description - Plant A and B

Intake Pumping Structure - Plant A
An intake channel 335.5 meters (1101 ft) long and 36.6 m (120 ft) wide extends from
Guntersville Reservoir to the intake structure for Plant A (Figure 1). A trash boom at the
channel inlet prevents most of the floating trash from entering the channel. Twelve
condenser circulating water pumps are protected by trashracks and traveling screens.
Design flow of CCW is 7.1 m3/s (112,000 gpm) for each of Units 1-4 and 6.1 m 3/s
(96,000 gpm) for each of Units 5 and 6. The trashracks are periodically cleaned by a
rake operated by the intake gantry crane. Velocities measured at the trashracks for
Units 1-6 ranged from 8.5 cm/sec (0.28 fps) to 47.2 cm/sec (1.55 fps).

Intake Pumping Structure - Plant B
The intake structure for Units 7 and 8 is located on the shoreline and draws water
directly from the river rather than from an intake channel. Water flows into the intake
from the reservoir and is discharged back to the reservoir downstream below the intake
channel for Units 1-6 (Figure 1). Six intake pumps provide a combined CCW flow of
60.2 m 3/s (954,000 gpm). Trashracks consisting of 1.59 cm (5/8 in) thick vertical steel
bars with 9.21 cm (3 5/8 in) openings and traveling screens with 9.5 mm (3/8 in) square
mesh prevent debris and fish from entering the condensers. Water velocities measured
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in front of the trashracks for Units 7-8 ranged from 25 cm/sec (0.83 fps) to 68 cm/sec
(2.22 fps). Highest velocities occurred at the upstream end of the structure and
decreased linearly with each successive downstream opening.

Methods
Weekly impingement monitoring began on June 21, 2005 at Plant A and June 15, 2005
at Plant B. Sampling at both plants A and B continued through June 12, and June 6,
2007, respectively. To simplify comparisons in this report, data from June 15, 2005
through June 6, 2006 will be referred to as Year-One, and from June 6, 2006 through
June 12, 2007 as Year-Two.

To collect each sample, intake screens were rotated and washed on a prearranged
schedule by the plant assistant unit operator to remove all fish and debris. After 24
hours, screens were again rotated and washed with an Aquatic Monitoring and
Management (AM&M) crew on site. Fish and debris were collected in a catch basket
constructed of 9.5 mm (3/8 in) mesh at the end of the sluice pipe where the monitoring
crew removed and processed the sample. Fish were sorted from debris, identified,
separated into 25 mm (1 in) length classes, enumerated, and weighed. Data were
recorded by one member of the crew and checked and verified (signed) by the other for
quality control. Quality Assurance/Quality Control procedures for impingement sampling
(TVA 2004) were followed to ensure samples were comparable with historical
impingement mortality data. Historical impingement sampling was conducted by TVA
from August 1974 through April 1975 (TVA 1976).

Moribund/Dead Fish
The majority of fish collected from a 24-hour screen wash were dead when processed.
Incidental numbers of fish which appeared to have been dead for more than 24 hours
(i.e., exhibiting pale gills, cloudy eyes, fungus, or partial decomposition) were not
included in the sample. Also, during winter, threadfin shad occasionally suffer die-offs
and are impinged after death or in a moribund state (Griffith and Tomljanovich 1975,
Griffith 1978). If these incidents were observed, they were documented to specify that
either all, or a portion of impinged threadfin shad during the sample period were due to
cold-shock and would not have been impinged otherwise. Any fish collected alive were
returned to the reservoir after processing.

Data Analysis
Impingement mortality data from weekly 24-hour samples were extrapolated to provide
annual estimates of total fish impinged for each year of the study. In rare situations
when less than a 24-hour sample was possible, data were normalized to 24 hours.

To facilitate the implementation of and compliance with the Environmental Protection
Agency's (EPA) regulations for Section 316(b) of the CWA (Federal Register Vol. 69,
No. 131; July 9, 2004), prior to its suspension by EPA, impingement losses of fish will be
evaluated by extrapolating the losses to equivalent reductions of adult fish, or of biomass
production available to predators. EPRI (Formerly known as the Electric Power
Research Institute) has identified two models (Barnthouse 2004) for extrapolating losses
of fish eggs, larvae and juveniles at intake structures to numbers or production of older
fish. The Equivalent Adult (EA) model quantifies entrainment and impingement losses in
terms of the number of fish that would have survived to a given future age. The
Production Foregone (PF) model applies to forage fish species to quantify the loss from
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entrainment and impingement in terms of potential available forage for consumption by
predators. Data requirements of the models are site-specific on the distribution and
abundance of fish populations vulnerable to entrainment and impingement. TVA will use
these models to determine the "biological liability" of the WCF CCW intake structure
based on the EPA guidance developed under the suspended rule.

Weekly historical data collected during 1974 and 1975 were extrapolated to annual totals
of fish impinged. The EA and PF models were also applied to estimate resulting losses
from impingement mortality.

Results and Discussion

Plant A
During Year-One and Year-Two of recent impingement monitoring, 1,235 and 41,774
fish were collected from Plant A screen-wash samples, respectively (Table 1). The total
number of species collected each year was 16 and 26 in Year-One and Year-Two,
respectively (Table 1). Total number of fish estimated impinged by species and year are
presented in Table 2. During Year-One, threadfin shad comprised 72% followed by
bluegill and freshwater drum (6%), unidentifiable sunfish (5%), channel catfish (4%),
yellow bass (3%), and gizzard shad and largemouth bass at 2% each (Table 3). During
Year-Two, threadfin shad comprised 93% followed by yellow bass (4%), bluegill,
freshwater drum, and unidentifiable sunfish (1%) each (Table 3). Numbers of fish
impinged and percent of the annual total by month for both years are presented in Table
4. The estimated annual impingement extrapolated from weekly samples was 8,645
during Year-One and 292,425 during Year-Two (Table 2). Peak impingement occurred
during August and September and late March through April at WCF (Table 4 and Figure
2).

Results of total numbers of fish estimated impinged from EA and PF models for Year-
One and Year-Two for Plant A were 903 and 14,687, respectively (Table 5).

Plant B
During Year-One and Year-Two at Plant B, 16,218 and 4,902 fish were collected from
Plant B screen-wash samples, respectively (Table 6). Total number of fish estimated
impinged by species and year are presented in Table 7. The total number of species
collected each year was 27 and 23 in Year-One and Year-Two, respectively (Table 6).
During Year-One, threadfin shad comprised 90% followed by bluegill (5%), and
unidentifiable sunfish (3%) (Table 8). During Year-Two, threadfin shad comprised 58%
followed by bluegill (28%), unidentifiable sunfish (8%) freshwater drum (2%) and channel
catfish, largemouth bass, and yellow bass at 1% each (Table 8). Numbers of fish
impinged and percent of the annual total by month for both years are presented in Table
9. The estimated annual impingement extrapolated from weekly samples was 113,526
during Year-One and 34,314 during Year-Two (Table 7). Peak impingement occurred
during July through September for both years sampled and an additional peak occurred
in November during Year-Two at Plant B (Table 9 and Figure 3).

Results of total numbers of fish estimated impinged from EA and PF models for Year-
One and Year-Two for Plant B were 4,179 and 2,501, respectively (Table 10).
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Figure 4 presents historical average WCF intake temperatures from 1986 through 2006
for comparison. Winter temperatures, during both Year-One and Year-Two, dropped
40F-6 0F below the average on several occasions during January through February. This
deviation from the seasonal average did not appear coincidental to specific peaks in
impingement.

Threadfin and/or gizzard shad typically comprise over 90% of fish impinged on cooling
water intake screens of thermal power stations in the Southeastern U. S. (EPRI 2005).
They also comprise an average of 35%-56% of total fish biomass where they occur
(Jenkins 1967). A recent study by Fost (2006) indicated that cold-stressed threadfin and
gizzard shad can be classified as either impaired or moribund. Impaired shad could
recover if environmental conditions improved and would, therefore, not die if not
impinged. Moribund fish on the other hand, are assumed to not be able to recover and
die regardless of impingement. No die-offs of threadfin shad were observed at WCF
during the two years of monitoring by AMM crews or were reported by power plant
personnel.

Widows Creek Fossil Plant's RFAI a&erage scores since 2000 were 33 and 37 for
upstream and downstream sample sites, respectively (TVA 2007 and Scott 2006).
These scores indicated similar fish communities for both upstream and downstream of
WCF and met the adjusted 70% criteria for designation as BIP. These data indicate that
the plant discharge is not adversely impacting the fish community of upper Guntersville
Reservoir.

No state or federal protected fish species were collected or are known to occur in the
vicinity of WCF.

Comparison with Historical Data
During historical sampling from 1974-1975, the extrapolated totals for number of fish
impinged and percent composition by species are presented in Tables 3 and 8. The
total estimated numbers of fish impinged during 1974-1975 for Plant A and Plant B were
87,213 and 26,894, respectively. Threadfin shad dominance was consistent for all years
monitored. Historical peak impingement occurred March through April of 1975 when
over 8,000 threadfin shad were impinged (TVA 1976 and Figures 2 and 3). The exact
nature of the high mortality was not determined but it was suspected that natural
mortality was associated with spawning stress (TVA 1976).

Summary and Conclusions
Biological liabilities for Plant A and Plant B during 2005-2007 were lower compared to
the historical biological liabilities even though total numbers of fish estimated impinged
during current impingement monitoring were higher. Favorable RFAI scores for stations
upstream and downstream of WCF and relatively low impingement mortality at both
Plants A and B indicate WCF is not adversely impacting the resident Guntersville
Reservoir fish community in the vicinity of the plant.
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Table 1. List of Fish Species by Family, Scientific, and Common Name Including
Numbers Collected in Impingement Samples During 2005-2007 at TVA's
Widows Creek Fossil Plant A.

Total Number
Impinged

Family Scientific Name Common Name
Year-One Year-Two

Lepisosteidae Lepisosteus osseus Longnose gar 0 1
Clupeidae Dorosoma cepedianum Gizzard shad 30 47

Alosa chrysochloris Skipjack herring 6 3
Dorosoma petenense Threadfin shad 889 38,687

Cyprinidae Notemigonus crysoleucas Golden shiner 0 2
Notropis volucellus Mimic shiner 0 5

Cyprinella spiloptera Spotfin shiner 1 0
Catostomidae Minytrema melanops Spotted sucker 1 1

Ictiobus niger Black buffalo 0 1
Ictaluridae Ictalurus furcatus Blue catfish 0 24

Ictalurus punctatus Channel catfish 45 41
Pylodictis ofivaris Flathead catfish 0 4

Moronidae Morone saxatilis Striped bass 2 2
Morone chrysops White bass 1 91
Morone mississippiensis Yellow bass 34 1,653

Centrarchidae Pomoxis nigromaculatus Black crappie 0 19
Lepomis Macrochirus Bluegill 70 406
Micropterus salmoides Largemouth bass 22 14
Lepomis megalotis Longear sunfish 0 5
Lepomis auritus Redbreast sunfish 8 1
Lepomis microlophus Redear sunfish 49 365
Ambloplites rupestris Rock bass 0 7
Micropterus punctulatus Spotted bass 5 39
Lepomis cyanellus Green sunfish 1 0

Percidae Percina caprodes Logperch 0 2
Sander canadense Sauger 0 4
Perca flavescens Yellow perch 0 2

Sciaenidae Aplodinotus grunniens Freshwater drum 71 349
Total number of fish 1,235 41,774

Total number of species 16 26
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Table 2. Estimated Annual Numbers, Biomass, and Percent Composition of Fish
Impinged by Species at Widows Creek Fossil Plant A During 2005-2007.

Estimated Number Estimated Biomass (g) Percent

Year- Year- Year- Year- CompositionSpecies One Two Average One Two Average by Number

Threadfin shad 6,223 270,809 138,516 11,879 1,167,292 589,586 92
Yellow bass 238 11,571 5,905 10,563 774,004 392,284 4
Bluegill 490 2,842 1,666 20,587 130,375 -75,481 1
Freshwater drum 497 2,443 1,470 68,663 310,751 189,707 1
Redear sunfish 343 2,555 1,449 14,539 105,511 60,025 1
White bass 7 637 322 1,288 211,568 .106,428 T
Channel catfish 315 287 301 76,678 56,112 66,395 T
Gizzard shad 210 329 270 50,393 65,429 57,911 T
Spotted bass 35 273 154 189 123,795 61,992 T
Largemouth bass 154 98 126 5,530 33,509 19,520 T
Blue catfish 0 168 84 0 49,518 24,759 T
Black crappie 0 133 67 0 26,215 13,108 T
Redbreast sunfish 56 7 32 7,700 2,520 5,110 T
Skipjack herring 42 21 32 4,095 19,635 11,865 T
Rock bass 0 49 25 0 1,519 760 T
Longear sunfish 0 35 18 0 1,589 795 T
Mimic shiner 0 35 18 0 35 18 T
Flathead catfish 0 28 14 0 420 210 T
Sauger 0 28 14 0 9,471 4,736 T
Striped bass 14 14 14 42 798 420 T
Golden shiner 0 14 7 0 441 221 T
Logperch 0 14 7 0 420 210 T
Spotted sucker 7 7 7 4,529 11,025 7,777 T
Yellow perch 0 14 7 0 2,198 .1,099 T
Black buffalo 0 7 4 0 9,968 4,984, T
Green sunfish 7 0 4 140 0 70 T
Longnose gar 0 7 4 0 14,126 7,063 T
Spotfin shiner 7 0 4 49 0 25 T

Totals 8,645 292,425 276,864 3,128,244
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Table 3. Percent Composition (By Number and After EA and PF Models Applied)
of Major Species of Fish Impinged at TVA's Widows Creek Fossil Plant
A During 1974-1975 and 2005-2007.

1974-1975 June 2005-2006 June 2006-2007
Species % by % after %by % after % by % after
mpecien Number PA and Number PA and PA andComposition EF EF Number EF

Threadfin shad 86 58 72 29 93 56
Bluegill 1 4 6 15 1 4
Unidentified sunfish - 4 5 16 1 4
Gizzard shad 2 1 2 1 - -

Channel catfish 1 3 4 11 - -

Freshwater drum 7 13 6 8 1 2
Largemouth bass - 1 2 7 - 1
Yellow bass - 3 10 4 27
Spotted bass - - - 1 - 1
Skipjack herring 1 1 - - - -

White crappie - 2 - - - -

Longnose gar 2 - - - -

Sauger - 2 - - - -

White sucker 1 - - - - -

Paddlefish - 2 - - - -

White bass 1 5 0 1 - 3
Total 100 98 100 99 100 98

Dash denotes not a major species that year.
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Table 4. Numbers of Fish Impinged at Widows Creek Fossil Plant A by Month
and Percent of Annual Total During Year-One, Year-Two, and for Both
Years Combined.

Total Total
Number of Percent of Number of Percent of Years One Percent of

Month Fish Annual Fish Annual and Two Two-year
Impinged Total Impinged Total Combined Total
Year-One Year-Two

Jan 21 2 4 0 25 0
Feb 5 0 3 0 8 0
Mar 11 1 1,830 4 1,841 4
Apr 5 0 4,504 11 4,509 10
May 12 .1 1,593 4 1,605 4
Jun 60 5 738 2 798 '2
Jul 373 30 261 1 634 1
Aug 512 41 7,612 18 8,124 19
Sep 146 12 25,002 60 25,148 58
Oct 66 5 63 0 129 0
Nov 24 2 154 0 178 0
Dec 0 0 11 0 11 0

Total 1,235 41,775 43,010

Table 5. Total Numbers of Fish Estimated Impinged by Year at Widows Creek
Fossil Plant A and Numbers Following Application of Equivalent Adult
and Production Foregone Models.

1974-1975 2005-2006 2006-2007
Extrapolated
Annual Number 87,213 8,645 292,425
Impinged

Number after EA 12,238 903 14,687and PF Reduction
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Table 6. List of Fish Species by Family, Scientific, and'Common Name Including.
Numbers Collected in Impingement Samples During 2005-2007 at TVA's
Widows Creek Fossil Plant B.

Total Number
Impinged

Family Scientific Name Common Name

Year-One Year-Two

Lepisosteidae Lepisosteus osseus Longnose gar 8 0
Clupeidae Dorosoma cepedianum Gizzard shad 13 5

Alosa chrysochloris Skipjack herring 38 2
Dorosoma petenense Threadfin shad 14,614 2,824

Cyprinidae Notemigonus crysoleucas Golden shiner 0 3
Notropis volucellus Mimic shiner 0 16
Notropis atherinoides Emerald shiner 1 0

Catostomidae Moxostoma duquesnii Black redhorse 1 0
Ictaluridae Ictalurus furcatus Blue catfish 1 17

Ictalurus punctatus Channel catfish 65 68
Pylodictis ofivaris Flathead catfish 12 10
Ameiurus natalis Yellow bullhead 2 0

Western
Poeciliidae Gambusia affinis mosquitofish 14 0
Atherinoides Menidia beryllina Inland silverside 0 18
Moronidae Morone chrysops White bass 0 3

Morone mississippiensis Yellow bass 76 41
Centrarchidae Pomoxis nigromaculatus Black crappie 0 9

Pomoxis annularis White crappie 3 0

Lepomis Macrochirus Bluegill 731 1,367
Micropterus salmoides Largemouth bass 62 28
Lepomis megalotis Longear sunfish 17 25
Lepomis auritus Redbreast sunfish 1 38
Lepomis microlophus Redear sunfish 445 276
Micropterus dolomieu Smallmouth bass 0 3
Micropterus punctulatus Spotted bass 20 13

Orangespotted
Lepomis humilis sunfish 12 0
Lepomis cyanellus Green sunfish 0 12

Lepomis spp. Hybrid sunfish 2 0
Ambloplites rupestris Rock bass 3 8
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Table 6. (continued)

Total Number
Impinged

Family Scientific Name Common Name
Year-One Year-Two

Percidae Percina caprodes Logperch 6 12
Percina sciera Dusky darter 1 0
Percina shumardi River darter 1 0
Perca flavescens Yellow perch 12 0

Sciaenidae Aplodinotus grunniens Freshwater drum 57 104
Total number of fish 16,218 4,902

Total number of species 27 23
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Table 7. Estimated Annual Numbers, Biomass, and Percent Composition of Fish
Impinged by Species at Widows Creek Fossil Plant B During 2005-2007.

Estimated Number Estimated Biomass (g) Percent
Year- Year- Year- Year- CompositionSpecies One Two Average One Two Average by Number

Threadfin shad 102,298 19,768 61,033 33,873 49,133 41,503 82
Bluegill 5,117 9,569 7,343 93,961 181,846 137,904 10
Redear sunfish 3,115 1,932 2,524 55,993 39,046 47,520 4
Freshwater drum 399 728 564 23,128 34,629 28,879 1
Channel catfish 455 476 466 42,273 113,050 77,662 1
Yellow bass 532 287 410 5,068 11,137 8,103 1
Largemouth bass 434 196 315 700 1,484 1,092 T
Longearsunfish 119 175 147 987 5,201 3,094 T
Skipjack herring 266 14 140 22,631 1,694 12,163 T
Redbreast sunfish 7 266 137 665 7,420 4,043 T
Spotted bass 140 91 116 5,180 6,118 5,649 T
Flathead catfish 84 70 77 840 266 553 T
Gizzard shad 91 35 63 2,905 13,874 8,390 T
Inland silverside 0 126 63 0 462 '231 T
Logperch 42 84 63 434 1,372 903 T
Blue catfish 7 119 63 1,092 1,659 1,376 T
Mimic shiner 0 112 56 0 168 84 T
Western
mosquitofish 98 0 49 497 0 249 T
Green sunfish 0 84 42 0 924 462 T
Orangespotted
sunfish 84 0 42 420 0 210 T
Yellow perch 84 0 42 371 0 186 T
Rock bass 21 56 39 105 5,208 2,657 T
Black crappie 0 63 32 0 1,029 515 T
Longnose gar 56 0 28 21 0 11 T
Golden shiner 0 21 11 0 1,939 970 T
Smallmouth bass 0 21 11 0 63 32 T
White bass 0 21 11 0 938 469 T
White crappie 21 0 11 1,036 0 518 T
Hybrid sunfish 14 0 7 728 0 364 T
Yellow bullhead 14 0 7 49 0 25 T
Emerald shiner 7 0 4,.-, 70 0 35 T
River darter 7 0 35 0 18 T
Black redhorse 7 0 .4 14 0 7 T
Dusky darter 7 0 4' 4 84 0 42 T

Totals 113,526 34,314 293,160 478,660
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Table 8. Percent Composition (By Number and After EA and PF Models Applied)
of Major Species of Fish Impinged at TVA's Widows Creek Fossil Plant
B During 1974-1975 and 2005-2007.

1974-1975 June 2005-2006 June 2006-2007
% by % after % after % by % afterSpecies Number PF and %Nby PF and %be PF and

Composition EA EA EA

Threadfin shad 91 72 90 70 58 25
Bluegill 1 3 5 14 28 44
Unidentified sunfish - 1 3 8 8 13
Gizzard shad 1 1 - - - -

Channel catfish - 1 - 1 1 6
Freshwater drum 4 9 - 1 2 2
Largemouth bass - - - 1 1 2
Yellow bass - - - 2 1 3
Spotted bass - - - 1 - 1
Black crappie - - - - T
Logperch - - - 1
Sauger 1 7 -
White sucker 1 - -
Spotted sucker 1 1 -
White bass - 3 -
Rock bass - - - - - 2

Total 100 98 98 98 99 97
Dash denotes not a major species that year.
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Table 9. Numbers of Fish Impinged at Widows Creek Fossil Plant B by Month
and Percent of Annual Total During Year-One, Year-Two, and for Both
Years Combined.

Total Number Total
Percent of Number of Percent of Year-One Percent of

Month of Fish A .nnual Fish Annual and Two Two-yearImpinged
Year-One Total Impinged Total Combined Total

Year-Two
Jan 292 2 30 1 322 2
Feb 48 0 28 1 76 0
Mar 40 0 52 1 92 0
Apr 206 1 30 1 236 1

R May 69 
0 140 3 209 1

Jun 101 1 63 1 164 1
Jul 13,309 82 328 7 13,637 65

Au 1,135 7 500 10 1,635 8
Sep 583 2,052 42 2,635 12
Oct 108 1 65 1 173 1
Nov 300 2 1,596 33 1,896 9
Dec 27 0 18 0 45 0
Total 16,218 4,902 21,120

Table 10. Total Numbers of Fish Estimated Impinged by Year at Widows Creek
Fossil Plant B and Numbers Following Application of Equivalent Adult
and Production Foregone Models.

i[ 1974-1975 2005-2006 '2006-2007
Extrapolated
Annual Number 26,894 113,526 34,314
Impinged

Number after EA 4,287 4,179 2,501and PF Reduction
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Figure 1. Aerial photograph of Widows Creek Fossil Plant's A and B CCW intake structures including skimmer boom,
intake basin, and discharge channel.
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Figure 2. Comparison of estimated weekly fish impingement at TVA's Widows Creek Fossil Plant A during historical and
recent monitoring periods.
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Figure 3. Comparison of estimated weekly fish Impingement at TVA's Widows Creek Fossil Plant B during historical and
recent monitoring periods.

17



90

86

82

78

74

70

66I 2
58

54

50 - June 2005 - May 2006

46 - June 2006 - June 2007

- Average 1986 - 200642

38

34

30
Jun Jul Aug Sep Oct No- Dec Jan Feb Mar Apr May Jun

Figure 4. Ambient daily (24-hr avg.) water temperature at Widows Creek Fossil Plant intake during (1986-2007).

Jul

18
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TVA's Reservoir Ecological Health Monitoring Function

TVA began to systematically monitor conditions in the reservoirs on the Tennessee River system

in 1990. The basic purpose of this monitoring program is to provide information on the "health"

or integrity of Tennessee Valley reservoirs. The ecological health evaluation is based on five key

ecological indicators: dissolved oxygen, chlorophyll, fish (Reservoir Fish Assemblage Index),

bottom life (Reservoir Benthic Index), and sediment quality. The ecological health evaluation

system examines each indicator separately based on expectations under reference conditions and

assigns an ecological classification of poor, fair, or good, and then results are combined into a

single, composite score for each reservoir.

TVA monitors ecological conditions at 69 sites on 31 reservoirs. Samples are taken at up to four

locations, depending on the reservoir's size. Physical and chemical monitoring is conducted on

an annual basis while biological indicators and sediment contaminants are monitored every other

year. Each year, biological and sediment sampling is conducted on roughly half the reservoirs,

on an alternating basis. If substantial biological changes are detected, biological indicators on

that reservoir are monitored the next year to determine if the change was temporary.

Monitoring Design

The monitoring design carefully considered the selection of important ecological indicators,

representative sampling locations, and frequency of sampling, all in light of available resources.

Following are some of the basic design decisions made in developing this program.

Ecological Indicators - Five key ecological indicators (dissolved oxygen [DO],

chlorophyll, sediments, benthos, and fish) were selected.

Oxy2en is vital for life. Probably more can be learned about a reservoir from a series

of oxygen measurements than from any other kind of chemical data. The presence,

absence, and levels of DO in a reservoir both control and are controlled by many

physical, chemical, and biological processes (e.g., photosynthesis, respiration,

oxidation-reduction reactions, bacterial decomposition, and temperature).

Section I
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* Chlorophyll a is a simple, long standing, and well-accepted measurement for

estimating algal biomass, algal productivity, and trophic condition of a lake or

reservoir. Algae are the base of the aquatic food chain; consequently, measuring

algal biomass or primary productivity is important in evaluating ecological health.

Without algae converting sunlight energy, carbon dioxide, and nutrients into oxygen

and new plant material, a lake or reservoir could not support other aquatic -life.

Conversely, elevated phytoplankton concentrations are a concern because adverse

ecological and use impacts could occur: undesirable shifts in fish composition,

reduction in water clarity, more frequent algal blooms, greater potential for the

presence of toxic algae, higher oxygen demands, increased periods of anoxic

conditions (no oxygen) and resultant anoxic byproducts (i.e. ammonia, sulfide, and

dissolved manganese), and more frequent water treatment problems and higher water

treatment cost.

* Sediments at the bottoms of reservoirs serve as a repository for a variety of materials,

especially chemicals which have a low solubility in water. If contaminated, bottom

sediments can have adverse impacts on bottom fauna and can often be long-term

sources of toxic substances to the aquatic environment. They may impact wildlife

and humans through the consumption of contaminated food or water or through

direct contact. These impacts may occur even though the water above the sediments

meets water quality criteria. Thus, examination of reservoir sediments is useful to

determine if toxic chemicals are present and if chemical composition is changing

through time.

* Benthic macroinvertebrates are usually included in aquatic monitoring programs

because they are important to the aquatic food web and because they have limited

capability of movement, thereby preventing them from avoiding undesirable

conditions.

* Fish are usually included in aquatic monitoring programs because they are important

to the aquatic food web and because they have a long life cycle which allows them to

integrate conditions over time. In streams, fish community monitoring often has

found environmental degradation when physical and chemical monitoring have failed
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failed to do so. Fish are also important to the public for aesthetic, recreational, and

commercial reasons.

Sampling Locations - Four areas were selected for monitoring due to the spatial variation

that exists within a reservoir:

* Inflow area, generally riverine in nature. Water velocity is usually sufficient to

prevent thermal stratification, and algae productivity is suppressed due to light

limitation resulting from greater amounts of suspended material in the water column

and reduced time in the photic zone. Likewise, because of the greater velocity, the

substrate on the reservoir bottom is generally composed of larger material such as

boulder, cobble, and/or sand.

* Transition zone or mid-reservoir area is where water velocity decreases due to

increased cross-sectional area, suspended materials begin to settle, water clarity

increases, and silt becomes a more prominent substrate. Algal productivity increases

because of the increased water clarity and reduced mixing, which allows the algae to

remain in the photic zone.

* Forebay, the lacustrine area near the dam. Water velocity often is slowest within this

reach, creating greater potential for thermal stratification and associated reduction in

oxygen concentrations as organic material settles in the water column and decays.

Phytoplankton dynamics often shift from light limitation to nutrient limitation.

* Embayments, another important type of reservoir area, also were considered.

Previous studies have shown that ecosystem interactions within an embayment are

mostly controlled by activities and characteristics within the embayment watershed,

usually with little influence from the main body of the reservoir. Although these are

important areas, monitoring of hundreds of embayments was beyond the scope of this

program. As a result, only four, large embayments (all with drainage areas greater

than 500 square miles and surface areas greater than 4500 acres) are included in this

monitoring effort.
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The forebay and transition (mid-reservoir) zones are monitored on most reservoirs.

In addition, inflow areas are sampled on run-of-the river reservoirs. Only the forebay

is sampled on very small reservoirs or reservoirs where zones were indistinguishable

and up to four sites (forebay, transition zone, inflow, and embayment) are sampled in

selected run-of-the-river reservoirs.

Sampling Frequency - Sampling frequencies (indexing periods) was based on expected

temporal variation for each indicator. Temporal variations are introduced not only by

seasonal changes, but also because reservoirs are controlled systems with planned annual

drawdowns in elevations. Indicators which can vary significantly in the short term

(dissolved oxygen and chlorophyll) are monitored monthly from spring to autumn. Other

indicators better integrate long-term variations and are sampled once each year.

Sediments are monitored once in mid-summer. Fish and benthic assemblages are sampled

once in autumn (September-November).

Sample Collection Methods

The number of indicators varies from three to five at different sites. Chlorophyll and sediment

quality are excluded at the inflows on run-of-the-river reservoirs because in situ plankton

production of chlorophyll does not occur significantly in that part of a reservoir and because

sediments do not accumulate there.

Dissolved Oxygen and Chlorophyll is sampled at forebay and transition zones.

Physical and chemical water quality monitoring is conducted monthly April through

September on mainstem reservoirs and April through October on tributary reservoirs.

All samples and measurements are taken over the original river channel. Water

column profiles are taken for temperature, DO, pH, and conductivity. Composite

samples of water within the photic zone (defined as twice the Secchi depth or 4

meters, whichever is greater) are collected for laboratory analysis of chlorophyll,

total suspended solids, total organic carbon, alkalinity, and various nutrients (total

phosphorus, total ammonia as nitrogen, nitrate-nitrite nitrogen, and organic nitrogen).

Sample analysis is conducted by TVA's Central Laboratories.
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* Sediment - Once a year (i.e., June or July), a composite sediment sample is collected

at forebay and transition monitoring locations. Each sediment sample is a composite

of at least three subsamples. Each subsample is collected independently and at least

50 feet apart from either of the other two subsamples. All subsamples are collected

from the bottom of the original river channel. Only the top 3 centimeters of sediment

from each subsample is composited and used for laboratory analysis. Sample analysis

is conducted by TVA's Central Laboratories.

* Benthic macroinvertebrate samples are collected in the fall/early winter (October-

December) at all locations (forebay, transition, and inflow). At each sample location,

a line-of-sight transect is established across the width of the reservoir, and one Ponar

grab sample is collected at 10 equally-spaced locations along this transect. When

rocky substrates are encountered, a Peterson dredge is used. Care is taken to collect

samples only from the permanently wetted bottom portion of the reservoir (i.e.,

below the elevation of the minimum winter pool level). Bottom sediments are

washed on a 533pi screen and organisms are counted and identified in the field to

either Family or Order level as appropriate (i.e., the lowest practical in the field).

Samples are then transferred to a labeled collection jar, and fixed with 10 percent

buffered formalin solution.

* Fish Community- Shoreline electrofishing samples are collected during daylight

hours during autumn (September through November) as each sampling location

(forebay, transition, and inflow). A total of 15 electrofishing runs, each covering 300

meters of shoreline, are conducted in each of the sampled zones. All habitat types

are sampled in proportion to their occurrence in the zone. Twelve experimental gill

nets with five 6.1-meter panels (mesh sizes of 2.5, 5.1, 7.6, 10.2, and 12.7

centimeters) are set for one overnight period in forebay and transition zones.

Excessive current prevented use of gill nets in mainstream inflow areas, limiting

sampling to only electrofishing in these locations. Nets are set in all habitat types,

alternating mesh sizes toward the shoreline between sets.
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Total length (mm) and weight (g) are recorded for sport species. Remaining species

captured are enumerated prior to release. During electrofishing, fish observed but not

captured are included if positive identification can be made and counts are estimated

when high densities of identifiable fish are encountered. Young-of-year fish are

counted separately and, as in stream IBI calculations (Karr 1981), are excluded from

proportional and abundance metrics due to sampling inefficiencies. Only fish

examined closely as a result of obtaining length and weight measurements are

inspected externally for signs of disease, parasites, and anomalies. Natural hybrids

(i.e., those known not to be part of a fisheries management program) are recorded as

anomalies. Field data loggers are used to record all results.

Data Evaluation Considerations

Two key elements in developing this program were (1) development of reference conditions for

each indicator (i.e., benchmarks representative of good, fair, and poor conditions) and (2)

separation of reservoirs into appropriate classes according to ecoregion and reservoir type.

Reference Condition

Like most evaluations, results for ecological integrity studies must be compared to some

reference or yard stick to determine if monitoring results are indicative of good, fair, or poor

conditions. In streams, this is usually accomplished by studying a site that has had little or

preferably no alterations due to human activities. Observations at that site provide the reference

conditions or expectations of what represents a site with good/excellent ecological health. Given

that reservoirs are not natural systems, this approach is inappropriate. Following is a brief

description of the approach taken for each indicator.

DO and Sediment - Evaluation criteria for DO and sediment quality are based on the

concept that "ideal conditions" should exist in all types of reservoirs regardless of

reservoir/dam operation and ecoregion. In application, this means hypolimnetic

anoxia is considered a poor ecological condition even if it is expected given dam and

reservoir characteristics. Ideal condition for sediments means concentrations of
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selected metals should not exceed background levels and there should be no

detectable pesticides or PCBs present. In this situation, there is no need for reservoir

classification because the same conditions are desired for all reservoirs.

Chlorophyll a - Criteria for chlorophyll are based on natural nutrient composition of

soils in the drainage area. Two classes of reservoirs within the Tennessee Valley are

considered: reservoirs in watersheds draining nutrient poor soils, primarily those in

the Blue Ridge Ecoregion where oligotrophic conditions are expected; and reservoirs

in watersheds draining soils which are not nutrient poor and greater productivity

(mesotrophic conditions) is expected.

Benthic Macro invertebrates and Fish Assemblage - Evaluation criteria for benthos

and fish present a greater challenge. TVA's experience has found use of best-

observed conditions adjusted using professional judgment as the preferred approach.

Use of best-observed conditions means the data set for the class of reservoirs under

consideration forms the basis to describe the range of conditions which might exist

for each community characteristic or metric. In practicality, this assumption of "full

range of conditions" is rarely met, so metrics must be adjusted using professional

judgment. This requires significant experience with the group of reservoirs and

biological communities under consideration.
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Reservoir Classification

TVA's monitoring program includes 31 reservoirs which are divided into four classes to evaluate

the benthos and fish. One class includes the reservoirs on the Tennessee River, plus the two

navigable reservoirs on tributaries to the Tennessee River (loosely termed run-of-the-river

reservoirs). This group of reservoirs has relatively short retention times and little winter

drawdown. The remaining tributary reservoirs are separated into three classes by ecoregion:

Blue Ridge Ecoregion, Ridge and Valley Ecoregion, and the Interior Plateau Ecoregion. The run-

of-the-river reservoirs were not subdivided by ecoregion because most of the water flowing

through them comes from upstream and does not originate within the ecoregion where the

reservoir is physically located. Benthic macroinvertebrate and fish assemblage expectations for

each metric have been developed for each of these four reservoir categories.

Ecological Health Rating Methods

* Dissolved oxygen - The rating criteria represent a multidimensional approach that

includes dissolved oxygen levels both throughout the water column and near the

bottom of the reservoir. The DO rating (ranging from 1 "poor" to 5 "good") at each

sampling location is based on monthly measurements during April through

September for the run-of-the-river reservoirs and May through October for the

tributary reservoirs. This is the six-month period when maximum thermal

stratification and maximum hypolimnetic anoxia are expected. The Water Column

DO Rating is the six-month average of the proportion of the reservoir cross-sectional

area at the sample location that has a DO concentration less than 2.0 mg/L. The

Bottom DO Rating is the six-month average of the proportion of the reservoir cross-

sectional bottom length that has a DO concentration less than 2.0 mg/L. The final

DO rating is a combination of the Water Column DO Rating and Bottom DO Rating.

* Chlorophyll - Scoring criteria were developed separately for each of the two classes

of reservoirs. Reservoirs expected to be oligotrophic receive highest ratings at low

chlorophyll concentrations. Reservoirs expected to be mesotrophic receive highest

ratings for an intermediate range of concentrations. For reservoirs expected to be

mesotrophic, the rating is reduced at high chlorophyll concentrations and at low

chlorophyll concentrations if an environmental factor (e.g., turbidity, toxicity,

Section 1
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retention time) inhibits primary production. A sliding scale is used to evaluate the

seasonal average chlorophyll concentration for each reservoir class.

* Sediment quality - The sediment quality rating compares results for metals analyses

to sediment guidelines we adapted from EPA Region 5 (EPA 1977). Presence of any

of the organic analyses is deemed undesirable so results are compared to laboratory

detection limits. If none of the metals exceed these guidelines and no PCBs or

pesticides are detected, the site would receive the highest sediment quality rating. An

occurrence of analytes above these standards lowers the rating.

" Benthic Macroinvertebrates - Seven metrics or characteristics encompassing taxa

richness, composition and tolerance classification, and organism abundance are used.

to evaluate the benthic macroinvertebrates in all reservoirs. Scoring criteria for each

metric were developed from the data base on TVA reservoirs. The benthic

macroinvertebrate score is the total of these seven metrics. Some specific metrics

vary between run-of-river reservoirs and tributary reservoirs due to differences in

thermal stratification and dissolved oxygen concentrations.

* Fish Assemblag~e - Twelve metrics or characteristics encompassing species richness,

composition, tolerance classification, and trophic structure, fish abundance, and fish

condition are usedto derive the Reservoir Fish Assemblage Index (RFAI). The same

12 metrics are used for all classes of reservoirs, although specific scoring ranges for

each metric vary by reservoir class.

Final Reservoir Ecological Health Rating

The ecological health scoring process is designed such that four of the indicators (DO,

chlorophyll-a, benthos, and fish) are given equal weights with each indicator assigned a rating

ranging from 1 (poor) to 5 (excellent). The fifth indicator, sediment quality, is given half the

weight of the other indicators and assigned a rating ranging from 0.5 (poor) to 2.5 (excellent).

Ratings for the five indicators are summed for each site. Thus, the maximum total rating for a

sample site would be 22.5 (all indicators excellent) and the minimum 4.5 (all indicators poor).

Section 1
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To arrive at an overall health evaluation for a reservoir, the sum of the ratings from all sites are

totaled, divided by the maximum possible rating for that reservoir, and expressed as a percentage.

It is necessary to use a percentage basis because the number of sites monitored varies according

to reservoir size and configuration. Only one site, the forebay, is sampled in small tributary

reservoirs, and up to four sites (forebay, transition zone, inflow, and embayment) are sampled in

selected run-of-the-river reservoirs. Also, the number of indicators varies from three to five at

different sites. Chlorophyll and sediment quality are excluded at the inflows on run-of-the-river

reservoirs, because in situ plankton production of chlorophyll does not occur significantly in that

part of a reservoir and because sediments do not accumulate there. As a result, the number of

scoring possibilities may be as few as 5 indicator ratings for a small reservoir sampled only at the

forebay. Or, as many as 18 indicator ratings for a large reservoir sampled at the forebay,

transition zone, inflow, and embayment. The total score for the small reservoir would be 22.5 if

all indicators rated excellent, whereas, the total score for the large reservoir would be 82.5 if all

indicators rated excellent. Hence, using a percentage basis allows easier comparison among

reservoirs.

This approach provides a potential range of scores from 22 to 100 percent and applies to all

reservoirs regardless of the number of indicators or sample sites. To complete the ecological

health scoring process, the 22-100 percent scoring range must be divided into categories

representing good, fair, and poor ecological health conditions. The approach used was to first

obtain a five-year average ecological health score for each reservoir. The average scores were

then plotted and examined for natural breaks which coincided with known reservoir condition.

The trisection of these average ecological health scores is summarized below.

Scoring Ranges for All Reservoirs

Poor Fair Good

<59 59-72 >72

As the nation's largest public power provider and steward of the nation's fifth largest river

system, TVA operates our system of dams and reservoirs in an integrated fashion that balances

natural resource stewardship and power production with the other demands on the river system.

Section I
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A critical aspect, integral to our operations, is timely, accurate assessments of water resource

conditions upon which we can base sound management decisions.

TVA has conducted water quality monitoring to some degree since its inception. Initially,

monitoring activities focused on specific assessments to meet specific needs as they arose.

However, in the late-1980s, the need for a more systematic, Valley-wide approach to monitoring

reservoir conditions lead to the creation of TVA's reservoir monitoring effort, termed Reservoir

Ecological Health.

The current program integrates stewardship and compliance monitoring needs to support a

variety of functions and issues related to environmental compliance, pollution prevention and

control, economic development, and partnerships with our stakeholders. Additionally, several

components are an integral part of the monitoring strategies, supporting the new reservoir

operations policy adopted in 2004.

In absence of universally accepted guidelines to evaluate reservoir ecological health, TVA had to

develop evaluation methodologies. The outcome was a weight-of-evidence approach utilizing

the five key environmental indicators: dissolved oxygen, chlorophyll, fish, bottom life, and

sediment quality. Additionally, the development of communication products appropriate to a

wide range of customers including the general public also was a key issue addressed early in this

program. The goal was to report a single, composite ecological health score for each reservoir in

an easily understandable format.

TVA's methodology has proven successful and was used as a case study in the United States

EPA "Lake and Reservoir Bioassessment and Biocriteria - Technical Guidance Document" (EPA

841-B-98-007).

Benefits Provided

Reservoir Ecological Health monitoring program provides TVA a sound foundation of resource

information that supports our integrated river management program. The core components of this

program have continued systematically since inception, providing both current data for day-to-

Section 1
Page 1I



to-day operations and a consistent long-term database for assessing changes over time.

TVA's River Operations use these data as important input variables as they make decisions about

how to best manage available water to meet the numerous competing demands for water in the

Tennessee Valley. The ongoing monitoring program also has eliminated the need for many

costly site studies which would otherwise be required for compliance with the National

Environmental Policy Act and the Clean Water Act for each project/action. This program fills

vital data needs for various environmental assessments for TVA fossil, nuclear, and hydro-

generation facilities as well as TVA Section 26(a) assessments. The ready availability of data

often prevents delays of 12 to 18 months on projects which might otherwise be necessary to

collect appropriate background data for the preparation of EAs and EISs.

In addition, TVA Watershed Teams use this information in their watershed evaluation process to

identify areas in need of improvement and/or protective actions and to generate interest by the

public and local governments. In fact, TVA conducts a variety of water quality monitoring and

assessment activities in partnership with state, federal, and local agencies. By sharing

information, TVA and state environmental agencies are able to generate more information than

either could reasonably expect to collect and analyze alone.
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Chapter 3]

Table 3. Fish Collected in Monthly Netting and Electrofishing Samples at
the Hartsville Site, September 1992 Through January 1993

Netting Electrofishing Total Relative
Species Number CPUE* Number CPUE* Number Abundance
Longnose gar 36 0.9 4 0.5 40 4.4
Skipjack herring 17 0.4 - - 17 1.9
Gizzard shad 80 2.0 218 26.0 298 33.0
Threadfin shad - - 166 19.8 166 18.4
Mooneye 69 1.7 - - 69 7.7
Carp - - 28 3.3 28 3.1
Silver chub - 1 0.1 1 0.1
Emerald shin r - 18 2.1 18 2.0
Spotfin shiner - - 1 0.1 1 0.1
River carpsucjer 21 0.5 4 0.5 25 2.8
Quillback 2 0.1 - - 2 0.2
Smallmouth bjiffalo 27 0.7 11 1.3 38 4.2
Bigmouth buff alo 1 t** 3 0.4 4 0.4
Black buffalo 2 0.2 2 0.2
Spotted suckeIr 8 0.2 14 1.7 22 2.4
Black redhorse 4 0.1 4 0.5 8 0.9
Golden redhorse 5 0.1 13 1.5 18 2.0
Yellow bullhead 1 t** - - 1 0.1
Channel catfish 9 0.2 9 1.0
White bass 1 t** - - 1 0.1
Yellow bass 1 t** 2 0.2 3 0.3
Striped bass 2 0.1 - - 2 0.2
Warmouth - - 1 0.1 1 0.1
Redbreast sunfish - - 2 0.2 2 0.2
Green sunfish - - 3 0.4 3 0.3
Bluegill - - 52 6.2 52 5.8
Longear sunfish - - 1 0.1 1 0.1
Redear sunfish 1 t** 3 0.4 4 0.4
Hybrid sunfish 1 t** - - 1 0.1
Spotted bass - - 2 0.2 2 0.2
Largemouth bass - 31 3.7 31 3.4
White crappie - - 1 0.1 1 0.1
Sauger 11 0.3 - - 11 1.2
Walleye 2 0.1 - - 2 0.2
Freshwater drum 6 0.2 12 1.4 18 2.0

Total (35 species) 305 597 902

* Catch per unit effort; gill net effort units are net nights (total 40 net nights); electrofishing

effort units are hours (total 8.4 hours)
** Trace, less than 0.1

23 March 2002
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Introduction
Section 316(a) of the Clean Water Act (CWA) allows point-source discharges of heated
water to exceed State water quality thermal criteria based on demonstrating maintenance
of Balanced Indigenous Populations (BIP) of aquatic life. The term balanced indigenous
population defined by the CWA requires: (1) a biotic community typically characterized
by diversity; (2) the capacity for the community to sustain itself through cyclic seasonal
change; (3) the presence of necessary food chain species; and (4) a lack of domination by
pollution tolerant species. Prior to 2001, the Tennessee Valley Authority's (TVA)
Gallatin Fossil Plant (GAF) was operating under a 316(a) alternate thermal limit that had
been administratively continued with each permit renewal based on studies conducted in
the mid-1970s. The Environmental Protection Agency Region IV guidance to the States
for conducting 316(a) studies requires that future alternate thermal limit requests require
new data which demonstrates that aquatic communities in the vicinity of the permitee's
plant meet the BlIP standard. In the Tennessee River system, TVA has used a reservoir
Vital Signs (VS) monitoring program since 1990 to evaluate ecological conditions in
major reservoirs. A component of this monitoring program is a multi-metric approach to
data evaluation for fish communities known as the Reservoir Fish Assemblage Index
(RFAI). The Tennessee Department of Environment and Conservation (TDEC) approved
the use of RFAI to demonstrate maintenance of BIP downstream from GAF on
September 17, 2001, in response to a letter from TVA Fossil Power Group requesting
assessment of adequacy and scope of proposed RFAI studies for continuance of alternate
thermal limits. Based on that agreement, RFAI samples are required to be taken once
every two years to demonstrate that GAF operation is not impacting BIP. To determine
BIP for reservoirs in the Cumberland River system, which had not been previously
sampled using RFAI techniques, TDEC requested that annual RFAI samples be collected
for a three-year period during 2001-2003, followed by repeated samples at two-year
intervals. This report presents the results of autumn 2007 RFAI data collected upstream
and downstream of GAF with comparisons to RFAI data collected at these sites during
autumn 2001, 2002, 2003, and 2005.

Methods
The GAF discharge enters the Cumberland River at Cumberland River Mile (CuRM)
242.5. Fish community sampling sites were selected upstream (CuRM 249.5) and
downstream (CuRM 240.0) of the plant discharge.

Fish samples consisted of fifteen 300-meter electrofishing runs (approximately 10
minutes duration each) and ten overnight experimental gill net sets (five 6.1-meter panels
with mesh sizes of 2.5, 5.1, 7.6, 10.2, and 12.7 cm) per site. Attained values for each of
the 12 metrics were compared to reference conditions for transition zones of Barkley and
Old Hickory reservoirs and were assigned scores based upon three categories
hypothesized to represent relative degrees of degradation: least degraded (5);
intermediate (3); and most degraded (1). These categories are based on "expected" fish
community characteristics in the absence of human-induced impacts other than
impoundment. Individual metric scores for a site are summed to obtain the RFAI score.
Comparison of the attained RFAI score from the potential impact zone to a
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predetermined criterion has been developed and utilized to identify presence of normal
community structure and hence existence of BIP. For multi-metric indices, two criteria
have been suggested to ensure a conservative screening of BIP. First, if an RFAI score
reaches 70% of the highest attainable score (adjusted upward to include sample
variability), and second, if fewer than half of RFAI metrics potentially influenced by
thermal discharge receive a low (1) or moderate (3) score, then normal community
structure and function would be present indicating a BIP. The heated discharge would
meet screening criteria and no further evaluation would be needed. The range of RFAI
scores possible is from 12 to 60. Ecological health ratings (12-21 ["Very Poor"], 22-31
["Poor"], 32-40 ["Fair"], 41-50 ["Good"], or 51-60 ["Excellent"]) are then applied to
scores. As discussed in detail below, the average variance for RFAI scores in TVA
reservoirs is 6 (+ 3). Therefore, any location that attains an RFAI score of 45 (42 + our
upward sample variance of 3) or higher would be considered to have BIP. It must be
stressed that scores below this endpoint do not necessarily reflect an adversely impacted
fish community. The endpoint is used to serve as a conservative screening level, i.e., any
fish community that meets these criteria is obviously not adversely impacted. RFAI
scores below this level would require a more in-depth look to determine if a BIP exists.
An inspection of individual RFAI metric results would be an initial step to help identify
if GAF operation is a contributing factor to low scores. This approach is appropriate if a
validated multi-metric index is being used and scoring criteria applicable to the zone of
study are available.

Upstream/downstream score comparisons can help to determine if GAF operation is
adversely impacting the downstream fish community. A similar or higher RFAI score at
the downstream site compared to the upstream (control) site is used as one basis for
determining absence of GAF operational impacts on the resident fish community.
Definition of "similar" is integral to accepting the validity of these interpretations. The
Quality Assurance (QA) component of VS monitoring deals with how well the RFAI
scores can be repeated and is accomplished by collecting a second set of samples at 15%-
20% of sites each year. Experience to date with the QA component of the VS monitoring
program shows that comparison of RFAI index scores from 54 paired sample sets
collected over seven years range from 0 to 18 points, the 7 5 th percentile is 6, the 9 0 th

percentile is 12. The mean difference between these 54 paired scores is 4.6 points with
95% confidence limits of 3.4 and 5.8. Based on these results, a difference of 6 points or
less is the value selected for defining "similar" scores between upstream and downstream
fish communities. That is, if the downstream RFAI score is within 6 points of the
upstream score and if there are no major differences in overall fish community
composition, then they will be considered similar. It is important to bear in mind that
differences greater than 6 points can be expected simply due to method variation (25% of
the QA paired sample sets exceeded that value). When such occurs, a metric by metric
examination will be conducted to determine what caused the difference in scores and the
potential for the difference to be thermally related.

TVA's VS monitoring program is focused on the Tennessee River system; therefore
RFAI samples had not been collected on Old Hickory Reservoir prior to 2001, with the
exception of three embayments which were sampled during 1998-1999. Initially, RFAI
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samples above and below GAF were scored using RFAI criteria for lower mainstem
Tennessee River reservoirs due to lack of data from the Cumberland River system.
Because these scoring criteria were based on fish communities in Tennessee River
reservoirs, they may not have accurately described the condition of the fish communities
in Cumberland River reservoirs. Modifications to the scoring criteria used for RFAI
metrics were made following the third year of samples from Barkley and Old Hickory
Reservoirs in 2003. These new scoring criteria were developed for Barkley and Old
Hickory reservoirs from limited Cumberland River data and were supplemented with data
collected from the Tennessee River system. These criteria were applied to RFAI sites
sampled during 2001-2005 to make the index even more reflective of reservoir conditions
(TVA 2005).

Although the initial scoring criteria revisions in 2003 were a worthy attempt at making
the RFAI more reflective of lower Cumberland River fish communities, these criteria still
lacked adequate Cumberland River reservoir data to accurately score these sites.
Revisions to scoring criteria for RFAI metrics for Cumberland River sampling sites were
revised again in 2007 and applied to all data presented in this report (TVA 2007). Since
the original criteria were established, additional data sets from the Cumberland River
have been collected. The new scoring criteria are based exclusively on Cumberland
River data, which more accurately reflect the condition of resident fish communities in
Barkley and Old Hickory reservoirs. Thirty-two data sets were used for updating
Cumberland River scoring criteria. These included data from 1998-2007 from Barkley
Reservoir and data collected during 2001-2007 from Old Hickory Reservoir. Most recent
scoring criteria are compared to old scoring criteria in Table 1.

Results

In 2007, fish community RFAI scores of 40 ("Fair") and 46 ("Good") were observed at
the downstream and upstream stations, respectively (Table 2). Although the downstream
site scored lower, it was still within the 6 point range of accepted variability. Of the
observed values for metrics that received a lower score at the downstream site, the
observed value for the metric "number of species" was the most different between the
two sites (Table 2). Twenty-seven species were collected at the downstream site,
compared to 34 at the upstream site. Ten species were collected at the upstream site that
were not encountered at the downstream site, while four species were collected at the
downstream site that were not encountered at the upstream site (Table 3). Although more
species were collected upstream resulting in a 2 point score difference for this metric,
both sites scored the same for the metrics "number of benthic invertivores" and "number
of intolerant species". As water quality conditions deteriorate, these two metrics are
good indicators of impacts to the more sensitive species in the fish community. The
metric "number of top carnivore species" scored two points lower at the downstream site
due to one less top carnivore species; this was not a significant ecological difference
between the two sites but was significant to the metric score. Percentages of omnivorous
species in the electro-fishing sample were similar (31.3% downstream, 28.1% upstream),
but the upstream site scored one point higher. Overall catch rates for the electro-fishing
portion of samples were higher at the downstream site, while gill netting catch rates were
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higher at the upstream site (Table 3). A majority of the species that were collected at the
upstream site that were not encountered at the downstream site are commonly caught in
gill nets. Variability in gill net catch rates may have significantly affected the score
difference between the two sites.

Although the BIP criteria (i.e., RFAI score of 45 f42 + our upward sample variance of 31
or higher) has only been met 2 of the 5 sample years at the upstream site and during I of
the 5 sample years at the downstream site, all upstream and downstream samples have
been within the 6 point range of accepted variability each year, indicating the sites were
similar annually (Table 4). During 2007, the upstream site scored 8 points higher than
the previous sample in 2005, while the downstream score dropped 3 points from the 2005
score. Over the five sample years, both sites have averaged a score of 40 ("Fair").
Individual metric scores and overall RFAI scores for the upstream and downstream
sampling sites for sample years 2001-2003 and 2005 are listed in Appendix I (A-D).
Species collected and catch per effort during electrofishing and gill netting at the
upstream and downstream sampling sites for sample years 2001-2003 and 2005 are listed
in Appendix 2 (A-D).

Scores and overall fish community composition were better than expected during 2007 at
both sites; the low flow situation in the Cumberland River resulting from the most severe
drought in 118 years of record, further exacerbated by Wolf Creek Dam repair, impacted
overall water quality in the Cumberland River system. Even under these conditions, the
overall composition of the fish community was similar between the two sites and it does
not appear that the GAF heated effluent was negatively affecting the fish community
below the plant discharge.
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Table 1. Comparison of Old Scoring Criteria to Newly Revised 2007 Scoring Criteria for Transition Areas in Barkley and
Old Hickory Reservoirs. Old Scoring Criteria Represent Criteria that were Modified in 2003 Using Limited
Cumberland River Data and were Supplemented with Data from the Tennessee River System. New Scoring Criteria
were Developed from 32 Datasets from Sampling Conducted During 1998-2007 in Barkley and Old Hickory
Reservoirs.

Old Scoring Criteria

l.

2.

3.

4.

5.

Metric
Total species

Total Centrarchid species
Total benthic invertivores

Total intolerant species

Percent tolerant Jidividuals

6. Percent dominance by 1 species

7. Percent non-native species

Gear
Combined

Combined

Combined

Combined

Electrofishing

Gill Netting

Electrofishing

Gill Netting

Electrofishing

Gill Netting

Combined

Electrofishing

Gill Netting

Electrofishing

Gill Netting

Electrofishing

Gill Netting

Electrofishing

1
<13

<2
<2

<2

>59%

>53%

>43%

>46%

>3%

>8%

<3

<7%

<19%

>44%

>54%

<174

<22

>5%

Score
3

13-25

2-5

2-3

2-4

30-59%

27-53%

22-43%

23-46%

1-3%

4-8%

3-7

7-15%

19-38%

22-44%

27-54%

174-348

22-44

2-5%

5
>25

>5

>3
>4

<30%

<27%

<22%

<23%

<1%

<4%

>7

>15%

>38%

<22%

<27%

>348

>44

<2%

New Scoring Criteria
Score

1 3 5
<17 17-33 >2

<3 3-5 >

<3 3-6 >

<4 4-7 >

>71% 53-71% <52

>40% 23-40% <2

>51% 37-51% <3

>37% 25-37% <2•

>7% 4-7% <4

>8% 5-8% <5

<5 5-10 >1

<8% 8-15% >1

<32% 32-52% >5

>46% 31-46% <3

>47% 19-47% < 1

<81 81-143 >1

<13 13-23 >2

>5% 2-5% <2

5

6

7

3%

3%

7%

5%

.0

5%
2%

1%

9%
43

23

8.

9.

Total top carnivore species

Percent top carnivores

10. Percent omnivores

11. Average number per run

12. Percent anomalies
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Table 2. Individual Metric Scores and Overall RFAI Scores for Sites Downstream
and Upstream of the Gallatin Fossil Plant Discharge, Autumn 2007.

Autumn 2007 Downstream Upstream
CuRm 240.0 CuRm 249.5

Metric Obs Score Obs Score

A. Species richness and composition

1. Number of species

2. Number of centrarchid species

3. Number of benthic invertivores

4. Number of intolerant species

5. Percent tolerant individuals

6. Percent dominance by one species

7. Number non-native species

8. Number of top carnivore species

B. Trophic composition

9. Percent top carnivores

10. Percent omnivores

C. Fish abundance and health

11. Average number per run

12. Percent anomalies

Electrofishing

Gill Netting

Electrofishing

Gill Netting

Electrofishing

Gill Netting

Electrofishing

Gill Netting

Electrofishing

Gill Netting

Electrofishing

Gill Netting

Electrofishing

Gill Netting

27

7

3

5

67.5

6

27.4

23.3

15.9

6

10

13.9

60.9

31.3

26.3

75.1

13.3

1.1

12

3

5

3

3

1.5

2.5

2.5

2.5

0.5

1.5

3

1.5

2.5

1.5

1.5

0.5

1.5

2.5

0.5
40

Fair

34

7

5

6

65.6

17.3

26.8

12.3

9.5

5.9

11

17.5

54.1

28.1

36.8

61.5

22

1.8

5.9

5

5

3

3

1.5

2.5

2.5

2.5

0.5

1.5

5

2.5

2.5

2.5

1.5

0.5

1.5

2.5

0.5
46

Good

RFAI
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Table 3. Species Collected and Catch Per Effort During Electrofishing and Gill
Netting Downstream and Upstream of Gallatin Fossil Plant, Autumn 2007.
(Electrofishing Effort = 300 Meters of Shoreline and Gill Netting Effort =
Net-Nights).

Autumn 2007 Downstream CuRM 240.0 Upstream CuRM 249.5

Electrofishing Gill Netting Electrofishing Gill Netting
Catch Per Catch Per Catch Per Catch Per Catch Per Catch PerRun Hour Net Night Run Hour Net Night

Paddlefish 0.10
Skipjack herring 3.10 2.70
Gizzard shad 20.53 85.32 0.40 16.47 64.83 2.00
Threadfin shad 0.20 0.83 2.53 9.97
Hybrid shad 1.60 1.30
Common carp 0.60 2.49 0.20 0.33 1.31 0.40
Golden shiner 0.67 2.77 0.27 1.05
Spotfin shiner 0.33 1.39 1.00 3.94
Bullhead minnow 0.07 0.26
River carpsucker 1.30
Quillback 0.10
Northern hog 0.07 0.26
sucker
Smailmouth 0.07 0.28 0.30 0.07 0.26 1.20
buffalo
Black buffalo 0.10 0.40
Spotted sucker 1.07 4.43 0.87 3.41 0.30
Black redhorse 0.07 0.26 0.10
Golden redhorse 0.10
Yellow bullhead 0.13 0.52
Channel catfish 1.67 6.93 0.90 1.40
Flathead catfish 0.53 2.22 0.60 0.10
Blackspotted 0.07 0.28
topminnow
Western
mosquitofish 0.07 0.26
White bass 0.07 0.28 0.70 0.27 1.05 0.40
Yellow bass 0.20 0.83 1.70 1.87 7.35 2.70
Striped bass 0.87 3.60 0.60 0.33 1.31 0.90
Warmouth 0.13 0.55 1.80 7.09 0.10
Green sunfish 1.07 4.43 0.07 0.26
Bluegill 20.13 83.66 0.10 14.73 58.01 0.10
Longear sunfish 4.93 20.50 2.73 10.76
Redear sunfish 2.00 8.31 0.70 4.00 15.75 0.10
Smallmouth bass 0.07 0.28 0.13 0.52

Table 3. (continued)
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Autumn 2007 Downstream CuRM 240.0 Upstream CuRM 249.5

Electrofishing Gill Netting Electrofishing Gill Netting
Catch Per Catch Per Catch Per Catch Per Catch Per Catch Per

Run Hour Net Night Run Hour Net Night
Spotted bass 1.13 4.71 0.47 1.84 0.10
Largemouth bass 7.33 30.47 7.20 28.35
Hybrid bass 0.07 0.28
White crappie 0.10 0.07 0.26
Black crappie 0.13 0.55 0.33 1.31 0.10
Logperch 0.07 0.28
Sauger 0.07 0.28 1.30 0.07 0.26 2.70
Walleye 2.20
Freshwater drum 0.53 2.22 0.90 0.27 1.05 1.10
Brook silverside 0.07 0.28
Inland silverside 10.47 43.49 5.20 20.47
Total 75.08 311.94 13.30 61.49 241.97 22.00
Number Samples 15 10 15 10
Number Collected 1126 133 922 220
Species Collected 28 16 28 25
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Table 4. Comparison of RFAI Scores Collected at Stations Upstream and Downstream of Gallatin Fossil Plant During 2001-
2007. Scores were calculated with new scoring criteria that were revised in 2007. RFAI Scores: 12-21 ("Very Poor"),
22-31 ("Poor"), 32-40 ("Fair"), 41-50 ("Good"), or 51-60 ("Excellent").

Reservoir Site 2001 2002 2003 2005 2007 Average

Old Hickory Downstream 39-Fair 37-Fair 41-Good 43-Good 40-Fair 40-Fair
CuRM 240.0

Old Hickory Upstream 37-Fair 33-Fair 44-Good 38-Fair 46-Good 40-Fair
CuRm 249.5
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Appendix 1-A. Individual Metric Scores and Overall RFA! Scores for Sites Upstream (CuRM 249.5) and Downstream
(CuRm 240.0) of the Gallatin Fossil Plant Discharge, Autumn 2001. Observed Values and Scores are
Presented for Old Scoring Criteria that were Modified in 2003 and for New Scoring Criteria that were
Developed in 2007.

Autumn 2001 CuRM 240.0 CuRM 249.5
Old Criteria New Criteria Old Criteria New Criteria

Metric Obs Score Obs Score Obs Score Obs Score
A. Species richness and
1. Number of species 29 5 28 3 31 5 30 3
2. Number of centrarchid 5 3 5 3 5 3 5 3
3. Number of benthic 3 3 3 3 3 3 3 3
4. Number of intolerant species 4 3 4 3 6 5 6 3
5. Percent tolerant individuals Electrofishing 83.1 0.5 83.1 0.5 81.43 0.5 81.4 0.5

Gill Netting 35.56 1.5 39.5 1.5 41.55 1.5 41.6 0.5
6. Percent dominance by one Electrofishing 42.59 1.5 42.6 1.5 34.31 1.5 34.3 2.5

Gill Netting 20.83 2.5 23.5 2.5 34.46 1.5 34.5 1.5
7. Number non-native species Electrofishing 2.03 1.5 4.8 1.5 2.69 1.5 2.8 2.5

Gill Netting 5.00 1.5 5.1 1.5 6.42 1.5 6.4 1.5
8. Number of top carnivore 7 3 7 3 9 5 9 3
B. Trophic composition
9. Percent top carnivores Electrofishing 16.48 2.5 16.5 2.5 8.19 1.5 8.2 1.5

Gill Netting 49.44 2.5 44.7 1.5 34.12 1.5 34.1 1.5
10. Percent omnivores Electrofishing 45.50 0.5 45.5 1.5 38.28 1.5 38.4 1.5

Gill Netting 30.56 1.5 34.4 1.5 53.72 1.5 53.7 0.5
C. Fish abundance and health
11. Average number per run Electrofishing 52.60 0.5 52.6 0.5 52.07 0.5 52.1 0.5

Gill Netting 32.73 1.5 31.1 2.5 29.60 1.5 29.6 2.5
12. Percent anomalies Electrofishing 0.38 2.5 0.4 2.5 0.51 2.5 0.5 2.5

Gill Netting 0.28 2.5 0.3 2.5 0.00 2.5 0 2.5
Overall RFAI Score 40 39 42 37

Fair Fair Good Fair
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Appendix 1-B. Individual Metric Scores and Overall RFAI Scores for Sites Upstream (CuRM 249.5) and Downstream
(CuRm.240.0) of the Gallatin Fossil Plant Discharge, Autumn 2002. Observed Values and Scores are
Presented for Old Scoring Criteria that were Modified in 2003 and for New Scoring Criteria that were
developed in 2007
Autumn 2002 CuRM 240.0 CuRM 249.5

Old Criteria New Criteria Old Criteria New Criteria
Metric Obs Score Obs Score Obs Score Obs Score

A. Species richness and
1. Number of species 26 5 25 3 21 3 20 3
2. Number of centrarchid 5 3 5 3 4 3 4 3
3. Number of benthic 3 3 3 3 4 5 4 3
4. Number of intolerant 3 3 3 1 4 3 4 3
5. Percent tolerant individuals Electrofishing 58.42 1.5 58.4 1.5 91.34 0.5 91.3 0.5

Gill Netting 35.50 1.5 35.5 1.5 27.03 1.5 27 1.5
6. Percent dominance by one Electrofishing 28.95 1.5 28.9 2.5 64.62 0.5 64.6 0.5

Gill Netting 31.36 1.5 31.4 1.5 22.30 2.5 22.3 2.5
7. Number non-native species Electrofishing 2.46 1.5 16.7 0.5 0.36 2.5 1.8 2.5

Gill Netting 2.96 2.5 3 2.5 8.78 0.5 8.8 0.5
8. Number of top carnivore 8 5 8 3 5 3 5 3
B. Trophic composition
9. Percent top carnivores Electrofishing 12.28 1.5 12.3 1.5 5.05 0.5 5.1 0.5

Gill Netting 39.64 2.5 39.6 1.5 43.24 2.5 43.2 1.5
10. Percent omnivores Electrofishing 19.47 2.5 19.5 2.5 66.43 0.5 66.4 0.5

Gill Netting 40.83 1.5 40.8 1.5 41.22 1.5 41.2 1.5
C. Fish abundance and
11. Average number per run Electrofishing 38.00 0.5 38 0.5 18.47 0.5 18.5 0.5

Gill Netting 16.90 0.5 16.9 1.5 14.80 0.5 14.8 1.5
12. Percent anomalies Electrofishing 1.93 2.5 1.9 2.5 0.36 2.5 0.4 2.5

Gill Netting 0.00 2.5 0 2.5 3.38 1.5 3.4 1.5
Overall RFAI Score 43 37 35 33

Good Fair Fair Fair
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Appendix I-C. Individual Metric Scores and Overall RFAI Scores for Sites Upstream (CuRM 249.5) and Downstream
(CuRm 240.0) of the Gallatin Fossil Plant Discharge, Autumn 2003. Observed Values and Scores are
Presented for Old Scoring Criteria that were Modified in 2003 and for New Scoring Criteria that were
Developed in 2007.
Autumn 2003 CuRM 240.0 CuRM 249.5

Old Criteria New Criteria Old Criteria New Criteria
Metric Ohs Score Obs Score Ohs Score Obs Score

A. Species richness and
1. Number of species 22 3 21 3 29 5 28 3
2. Number of centrarchid 5 3 5 3 7 5 7 5
3. Number of benthic 3 3 3 3 4 5 4 3
4. Number of intolerant 4 3 4 3 5 5 5 3
5. Percent tolerant individuals Electrofishing 71.99 0.5 72 0.5 65.01 0.5 64 1.5

Gill Netting 6.67 2.5 6.7 2.5 21.90 2.5 21.9 2.5
6. Percent dominance by one Electrofishing 28.47 1.5 28.5 2.5 32.48 1.5 32.5 2.5

Gill Netting 36.67 1.5 36.7 1.5 25.71 1.5 25.7 1.5
7. Number non-native species Electrofishing 2.08 1.5 2.8 2.5 2.23 1.5 2.9 2.5

Gill Netting 5.00 1.5 5 1.5 3.81 2.5 3.8 2.5
8. Number of top carnivore 7 3 7 3 10 5 10 3
B. Trophic composition
9. Percent top carnivores Electrofishing 18.06 2.5 18.1 2.5 18.47 2.5 18.5 2.5

Gill Netting 61.67 2.5 61.7 2.5 45.71 2.5 45.7 1.5
10. Percent omnivores Electrofishing 26.62 1.5 26.6 2.5 19.43 2.5 19.4 2.5

Gill Netting 21.67 2.5 21.7 1.5 37.14 1.5 37.1 1.5
C. Fish abundance and
11. Average number per run Electrofishing 28.80 0.5 28.8 0.5 20.93 0.5 20.9 0.5

Gill Netting 6.00 0.5 6 0.5 10.50 0.5 10.5 0.5
12. Percent anomalies Electrofishing 1.16 2.5 1.2 2.5 0.96 2.5 1 2.5

Gill Netting 0.00 2.5 0 2.5 0.00 2.5 0 2.5
Overall RFAI Score 39 41 50 44

Fair Good Good Good
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Appendix 1-D. Individual Metric Scores and Overall RFAI Scores for Sites Upstream (CuRM 249.5) and Downstream
(CuRm 240.0) of the Gallatin Fossil Plant Discharge, Autumn 2005. Observed Values and Scores are
Presented for Old Scoring Criteria that were Modified in 2003 and for New Scoring Criteria that were
Developed in 2007
Autumn 2005 CuRM 240.0 CuRM 249.5

Old Criteria New Criteria Old Criteria New Criteria
Metric Obs Score Obs Score Obs Score Obs Score

A. Species richness and
1. Number of species 30 5 29 3 30 5 30 3
2. Number of centrarchid 6 5 6 5 5 5 5 3
3. Number of benthic 4 3 4 3 5 3 5 3
4. Number of intolerant 5 5 5 3 5 5 5 3
5. Percent tolerant individuals Electrofishing 63.1 0.5 63.1 1.5 79.8 0.5 79.8 0.5

Gill Netting 7.1 2,5 7.1 2.5 9.5 2.5 9.5 2.5
6. Percent dominance by one Electrofishing 36.9 1.5 36.9 2.5 52.6 0.5 52.6 0.5

Gill Netting 36.7 0.5 36.7 1.5 24.4 1.5 24.4 2.5
7. Number non-native species Electrofishing 0.7 2.5 14.3 0.5 0.5 2.5 0.5 2.5

Gill Netting 6.6 1.5 6.6 1.5 2 2.5 2 2.5
8. Number of top carnivore 9 5 9 3 8 5 8 3
B. Trophic composition
9. Percent top carnivores Electrofishing 18.1 2.5 18.1 2.5 7.6 1.5 7.6 0.5

Gill Netting 78.1 2.5 78.1 2.5 65.2 2.5 65.2 2.5
10. Percent omnivores Electrofishing 39.5 1.5 39.5 1.5 53 0.5 53 0.5

Gill Netting 15.3 2.5 15.3 2.5 24.4 1.5 24.4 1.5
C. Fish abundance and
11. Average number per run Electrofishing 81.5 0.5 81.5 1.5 71.8 0.5 71.8 0.5

Gill Netting 19.6 1.5 19.6 1.5 20.1 1.5 20.1 1.5
12. Percent anomalies Electrofishing 2.5 1.5 2.5 1.5 1 2.5 1 2.5

Gill Netting 0 2.5 0 2.5 1 2.5 1 2.5
Overall RFAI Score 47 43 46 38

Good Good Good Fair
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Appendix 2-A. Species Collected and Catch Per Unit Effort During Fall Electrofishing and
Gill Netting at the Upstream and Downstream Stations of Gallatin Fossil
Plant, autumn 2001.

Autumn 2001 Downstream CuRM 240.0 Upstream CuRM 249.5
Gill Gill

Electrofishing Netting Electrofishing Netting
Catch Catch Catch Catch Catch Catch

Common Name Per Run Per Per Net Per Per Per Net
Hour Night Run Hour Night

Skipjack herring - - 3.9 - - 2.0
Gizzard shad 22.4 122.63 7.5 7.73 40.99 1.6
Threadfin shad
Common carp
Golden shiner
Emerald shiner
Spotfin shiner
Bullhead minnow
Quillback
Smallmouth
buffalo
Bigmouth buffalo
Black buffalo
Spotted sucker
Golden redhorse
Blue catfish
Yellow bullhead
Channel catfish
Flathead catfish
Blackspotted
topminnow
White bass
Yellow bass
Striped bass
Hybrid striped x
white bass
Warmouth
Green sunfish
Bluegill
Longear sunfish
Redear sunfish
Spotted bass
Largemouth bass
White crappie

0.13
1.07

0.13

0.4

0.2
0.07
0.2

0.07
0.07

0.13
0.2

12.13
3.27
1.2
0.8
7.8

0.73

5.84

0.73

2.19

1.09
0.36
1.09

0.36
0.36

0.73
1.09

66.42
17.88
6.57
4.38
42.7

0.3
1.8

0.1
0.2

0.1
0.1
0.1
0.1
0.9
0.8

0.8
6.7
0.5
1.0

0.3

2.5
0.3
1.1
0.3
0.6

8.33
1.27

0.93
0.47
0.07

44.17
6.71

4.95
2.47
0.35

1.2
0.2

0.2
0.2
1.67
0.2

0.33

0.13

0.07
0.07
0.07

1.53
3.2
0.8
0.27
7.33
0.13

1.06
1.06
8.83
1.06
1.77

0.71

0.35
0.35
0.35

8.13
16.96
4.24
1.41

38.87
0.71

0.1

0.3
0.3
1.4

1.6
0.2

0.5
0.5
0.3
1.1

0.5
0.1
0.2
0.4
0.3
0.1
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Appendix 2-A. (continued)

Autumn 2001 Downstream CuRM 240.0 Upstream CuRM 249.5
Gill Gill

Electrofishing Netting Electrofishing Netting
Catch Catch Catch Catch Catch Catch

Common Name Per Run Per Per Net Per Per Per Net
Hour Night Run Hour Night

Black crappie - 0.07 0.35 0.1
Logperch - - 0.13 0.71
Sauger - - 3.2 0.07 0.35 1.6
Freshwater drum 0.6 3.28 2.8 0.13 0.71 0.3
Brook silverside 0.27 1.46 - - - -

Inland silverside 1.47 8.03 - 1.07 5.65
Totals 52.61 287.92 36.0 36.47 193.27 14.9
Number 15 10 15 10
Samples
Number Fish 789 360 547 149
Number Species 20 24 26 23
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Appendix 2-B. Species Collected and Catch Per Unit Effort During Fall Electrofishing and
Gill Netting at the Upstream and Downstream Stations of Gallatin Fossil
Plant, Autumn 2002.

Autumn 2002 Downstream CuRM 240.0 Upstream CuRM 249.5
Gill GillElectrofishing Netting Electrofishing Netting

Catch Catch Catch Per Catch Per Catch Catch Per
Common Name Per Run Per Net Night Run Per Hour Net Night

Hour
Skipjack herring 0.07 0.42 2.30 - - 2.00
Gizzard shad 5.73 36.13 5.30 11.93 101.70 3.30
Threadfin shad 0.40 2.52 0.60 - - 0.40
Common carp 0.93 5.88 0.10 0.07 0.57 0.20
Golden shiner 0.27 1.68 - 0.07 0.57 -

Spotfin shiner 0.20 1.26 0.80 6.82
Bullhead 0.07 0.42 - - - -

minnow
River carpsucker - - 0.10 0.50
Quillback - - 0.30 - - -

Smallmouth 0.33 2.10 0.40 0.20 1.70 0.10
buffalo
Spotted sucker - - 0.10 0.33 2.84 -

Black redhorse - - - 0.30
Golden redhorse - - 0.10 0.07 0.57 0.40
Brown bullhead 0.07 0.42 - - - -

Channel catfish 0.07 0.42 0.70 - - 2.00
Flathead catfish 0.07 0.42 0.50 - - -

White bass - - 0.10 - - 0.20
Yellow bass 0.27 1.68 0.70 0.07 0.57 1.50
Striped bass - - 0.40 - - 1.10
Warmouth 0.33 2.10 - 0.33 2.84 -

Bluegill 11.00 69.33 0.30 3.13 26.70 -

Longear sunfish 0.80 5.04 0.10 0.27 2.27 0.10
Redear sunfish 0.73 4.62 0.30 0.07 0.57 0.30
Hybrid sunfish 0.13 0.84 - - - -

Spotted bass 0.20 1.26 0.10 - -

Largemouth bass 4.00 25.21 0.20 0.87 7.39
Black crappie - - 0.20 - -
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Appendix 2-B. (continued)

Autumn 2002 Downstream CuRM 240.0 Upstream CuRM 249.5
Gill Gill

Electrofishing Netting Electrofishing Netting
Catch Catch Catch Per Catch Per Catch Catch Per

Common Name Per Run Per Net Night Run Per Hour Net Night
Hour

Sauger 0.07 0.42 2.20 - - 1.60
Freshwater drum 0.20 1.26 1.80 - - 0.80
Inland silverside 5.40 34.03 - 0.27 2.27 -
Totals 31.34 197.46 16.9 18.48 157.38 14.8
Number 15 10 15 10
Samples
Number Fish 470 169 277 148
Number Species 22 22 14 16
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Appendix 2-C. Species Collected and Catch Per Unit Effort During Fall Electrofishing and
Gill Netting at the Upstream and Downstream Stations of Gallatin Fossil
Plant, Autumn 2003.

Autumn 2003 Downstream CuRM 240.0 Upstream CuRM 249.5
Gill GillElectrofishing Netting Eiectrofishing Netting

Catch Catch Catch Per Catch Catch Per Catch PerPer Run Per Hour Net Night Per Run Hour Net Night

Skipjack herring - - 0.2 - - 0.7
Gizzard shad 6.53 34.39 0.3 3.47 19.77 1.2
Goldeye - - - - - 0.1
Common carp 0.6 3.16 - 0.27 1.52 0.3
Spotfin shiner 0.67 3.51 - 0.07 0.38 -

Bluntnose - - - 0.13 0.76
minnow
Bullhead - 0.20 1.14 -

minnow
River carpsucker - - 0.7
Quillback - - 0.3 - - -

Smallmouth 0.53 2.81 0.4 0.13 0.76 0.6
buffalo
Black buffalo - - - 0.07 0.38 -
Spotted sucker 0.27 1.40 - 0.27 1.52 -
Golden redhorse - - 0.1 0.13 0.76 0.8
Channel catfish - 0.3 - - 1.1
Flathead catfish - - 0.1 -
White bass 0.07 0.35 - - - 0.1
Yellow bass 0.2 1.05 2.2 0.27 1.52 2.7
Striped bass - - 0.3 0.2 1.14 0.1
Rock bass - - - 0.07 0.38 -
Warmouth 0.13 0.70 1.13 6.46 -

Green sunfish 0.47 2.46 - 0.07 0.38 -
Bluegill 8.2 43.16 0.1 6.8 38.78 0.1
Longear sunfish 3.27 17.19 - 1.4 7.98 0.1
Redear sunfish 1.13 5.96 0.2 2.4 13.69 0.1
Smallmouth bass - - - 0.13 0.76 -
Spotted bass 0.67 3.51 0.1 0.27 1.52 -
Largemouth bass 4.27 22.46 - 2.53 14.45 -
White crappie - - 0.07 0.38 -
Black crappie - 0.2 1.14 -
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Appendix 2-C. (continued)

Autumn 2003 Downstream CuRM 240.0 Upstream CuRM 249.5
Gill Gill

Electrofishing Netting Eiectrofishing Netting
Catch Catch Catch Per Catch Catch Per Catch Per

Per Run Per Hour Net Night Per Run Hour Net Night
Logperch - - 0.07 0.38 -
Sauger - - 0.8 0.13 0.76 1.2
Freshwater drum 0.53 2.81 0.6 0.33 1.90 0.6
Brook silverside 1.07 5.61 - - - -

Inland silverside 0.2 1.05 - 0.13 0.76 -
Totals 28.81 151.58 6 20.94 119.37 10.5
Number 15 10 15 10
Samples
Number Fish 432 60 314 105
Number Species 17 14 26 16
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Appendix 2-D. Species Collected and Catch Per Unit Effort During Fall
Electrofishing and Gill Netting at the Upstream and Downstream
Stations of Gallatin Fossil Plant, Autumn 2005.

Autumn 2005 Downstream CuRM 240.0 Upstream CuRM 249.5
Gill Gill

Electrofishing Netting Electrofishing Netting
Catch Catch Catch Per Catch Catch Per Catch PerPer Run Per Hour Net Night Per Run Hour Net Night

Skipjack herring
Gizzard shad
Threadfin shad
Largescale
stoneroller
Common carp
Golden shiner
Emerald shiner
Spotfin shiner
Striped shiner
Bullhead
minnow
River carpsucker
Quillback
Northern hog
sucker
Smallmouth
buffalo
Bigmouth
buffalo
Black buffalo
Spotted sucker
Black redhorse
Golden redhorse
Channel catfish
Flathead catfish
White bass
Yellow bass
Striped bass
Warmouth
Green sunfish
Bluegill
Longear sunfish
Redear sunfish
Hybrid sunfish

0.07
30.07
4.20

0.40

0.34
154.45
21.58

2.05

3.08
3.77
0.34
3.08
0.34

7.20
1.00
0.30

37.73
5.67

0.13

0.33

0.13
0.80

213.58
32.08

0.75

2.30
1.30
0.40

0.60
0.73
0.07
0.60
0.07

4.80

0.10 1.89

0.75
4.53

6.04

0.20

24.66 1.07

0.30
0.10

0.07

0.33

0.34

1.71

0.10

0.60 0.90

0.07

0.20
0.93

0.20

0.27

0.27
0.73
5.53
3.20
2.33
0.07

1.03
4.79

1.03

1.37

1.37
3.77

28.42
16.44
11.99
0.34

0.10

1.30
0.50
0.80
1.60
1.20

0.20

0.10

1.40

0.47

0.07

0.73

13.27
1.47
2.40

0.38

7.92

2.64

0.38

4.15

75.09
8.30
13.58

0.20
0.10
0.20
0.20
1.90

1.40
2.80
0.20

0.10
0.10
0.10
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Appendix 2-D. (continued)

Autumn 2005 Downstream CuRM 240.0 Upstream CuRM 249.5
Gill Gill

Electrofishing Netting Electrofishing Netting
Catch Catch Catch Per Catch Catch Per Catch Per

Per Run Per Hour Net Night Per Run Hour Net Night
Spotted bass 1.20' 6.16 - 0.20 1.13
Largemouth bass 13.07 67.12 - 5.13 29.06
White crappie - - 0.10 - -

Black crappie - 0.07 0.38
Logperch - - - 0.07 0.38 -

Sauger 0.13 0.68 3.10 - - 4.90
Walleye - - 0.80 - - 1.50
Freshwater drum 0.27 1.37 0.50 0.20 1.13 0.90
Brook silverside - - - 0.40 2.26 -

Inland silverside 11.07 56.85 - - - -

Total 81.48 418.47 19.60 71.81 406.40 20.10
Number 15 10 15 10
Samples
Number Fish 1222 196.0 1077 201
Number Species 27 18 21 21
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