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Adaptive management has been implemented in the Tallapoosa River, Alabama; one
objective of the process is to determine how discharge and temperature affect redbreast
sunfish reproductive success. Nesting male redbreast sunfish Lepomis auritus were
monitored via snorkeling and video during 2006 and 2007 to estimate nest survival and
quantify nesting behavior in a regulated reach of the Tallapoosa River (Alabama) below
R.L. Harris Dam. In addition, males were collected during 2007 to determine if
metabolic constraints were evident when caloric contents and bioenergetic models from
the regulated Tallapoosa River and an unregulated tributary were compared.

A priori hypotheses were constructed relative to how biological and environmental
factors might affect nest survival. Nest survival estimates were determined in Program
MARK and competing environmental and biological models were evaluated using
Akaike’s information criterion (AIC). These data allowed for assessment of the

functional response of daily survival rate of nests in relation to discharge. One year in
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the study was an extreme drought year (2007) allowing for nest survival estimates during
an atypical water management year. Findings from this study support use of spawning
windows (e.g., low flow releases from dam) to increase reproductive success for
redbreast sunfish. Spawning window timing could be as early as mid-May, which is
earlier than previously suggested. Spawning flows provided earlier in the year could
enhance reproductive success for other fish species.

Video of nesting behavior indicated that male redbreast sunfish primarily exhibited
the defend and leave behavior during ‘baseflow’ (e.g., low flow conditions) observations.
During higher discharge events (i.e., one-unit or turbine; ~ 200cms) spawning behaviors
(e.g., milt and court) ceased and the defend behavior decreased; whereas, the leave and
the clean behaviors increased. Behavior observations indicated that increased flow
caused disruption of spawning and nest abandonment. Behavior during two-unit
discharge events was only minimally observed because of drought conditions; however,
data did indicate detrimental effects of two-unit discharge on nests (i.e., destruction).

Bioenergetic modeling predicted decreased growth, and weight for males during the
spawning season at both the regulated and unregulated sites. At the unregulated site
consumption rates increased as temperature increased; when the thermal maximum was
feached (33°C), consumption decreased precipitously. In contrast, consumption rates at
the regulated site were always positively related to temperature and did not decline when
the thermal maxima was reached (28°C) suggesting that thermal mitigation occurred from
hypolimnetic releases from the dam. Reducing uncertainty regarding how biota respond
to management actions is a goal of adaptive management and results from this study are
applicable to flow management and its subsequent effects on nesting centrarchids.

vi



ACKNOWLEDGEMENTS
First and foremost the author thanks his parents Don and Lisa Martin for support
throughout his education. Also, thanks to Dr. Irwin for guidance, friendship and the
opportunity to be a part of Alabama Cooperative Fish and Wildlife Research Unit. Dr.
Grand and Dr. Wright are also thanked for there help and expertise. Also, thanks are due
to all members of the research unit for assistance in field and laboratory work. Special

thanks are extended to his wife Molly for her continued support and friendship.

vii



Style manual or journal used - North American Journal of Fisheries Management

Computer software used - Microsoft Word 2003, Microsoft Excel 2003, Sigma Plot 7.0,

Program MARK, BEAST v2.01, SAS v9.1, Fish Bioenergetics 3.0, Nikon NIS-Elements

Viii



TABLE OF CONTENTS

LIST OF TABLES ..........oooiiiieeee ettt vttt e e X
LIST OF FIGURES ..........cocoiioiiiiiiriniieee ettt et Xii
INTRODUCTION .........coiiiiiiiiiniinieeeiee ettt 1
METEIODE w.ccuisansiunssssmmmnenmmnesessmmsssspomssssssnssssssommmess somanes sosmesss s s sissmssestsesmantmmmmnmmaseres 7
RESULTS .ottt 17
DISCUSSION ...ttt s s 25
LITERATURE CITED ........ccocoiutiinneiieeeeeeeeeeee et 31
TABLES ..ottt 37
FIGURES ..ot 51
APPENDIX ..ottt 75

X



LIST OF TABLES
Table 1- Definition of experimental flows released from R. L. Harris Dam during the
study (May-July, 2006 and 2007) ...........c.ocoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 37
Table 2- Summary of environmental variables (discharge, m*/s; temperature, °C)
from the Wédley site (2006 and 2007) used in nest survival modeling........... 38
Table 3- Redbreast sunfish nesting attempt summary, degree-days, cumulative degree
days, and peak swim-up dates for the Wadley site (2006 and 2007)............... 39

Table 4- Nest survival environmental model set results for the Wadley site (2006)

Table 5- Nest survival environmental model set parameters estimates for the Wadley
site (2006): Betas, standard errors, and 95% confidence limits....................... 41

Table 6- Nest survival biological model set results for the Wadley site (2006).......... 42

Table 7- Nest survival final model set results for the Wadley site (2006) .................. 43

Table 8- Nest survival environmental model set results for the Wadley site (2007)

Table 9- Nest survival environmental model set parameters estimates for the Wadley
site (2007): Betas, standard errors, and 95% confidence limits. ...................... 45
Table 10- Nest survival biological model set results for the Wadley site (2007)........ 46

Table 11- Nest survival final model set results for the Wadley site (2007) ................ 47



Table 12- Summary of caloric densities (J/g) for pre and post-spawn males from
both the Wadley and Saugahatchee sites (2007)..........coveeveeveeeveeeereeererernn, 48
Table 13- Biomass estimates for each taxonomic group seen in both the Wadley and
Saugahatchee male diets and summary of pre and post spawn biomass for
€ACH STUAY SIE ...ttt e e e 49
Table 14- User defined parameters used in bioenergetic modeling of the Wadley and

Saugahatchee males ............cccooviviiiiiieee e 50

Xi



LIST OF FIGURES
Figure 1- Location of R.L. Harris Dam and Wadley reach (site location for portions
of the study) on the Tallapoosa River, Randolph County, Alabama................ 51
Figure 2- Map of Saugahatchee Creek study sites in Lee and Macon Counties,
Alabama...: ....................................................................................................... 52
Figure 3- Redbreast sunfish nest marked with a 76 x 76 mm brightly colored,
numbered WOOden diSC. .......c.oueueiririeiereieieeieeeeececee e 53
Figure 4- Equipment arrangement for videography of nesting behavior with
individual components 1abeled ................covvvieeieiiiiieeeeeeeee e 54
Figure 5- Graph of hourly discharge (m*/s) and hourly temperature (°C) values
recorded from the Wadley site in 2006.................cccoeueeeveeeeeeeeeeeeeeeeeereeern, 55
Figure 6- Graph of hourly discharge (m?/s) and hourly temperature (°C) values
recorded from the Wadley site in 2007 .............cocoeeveeieeeeeeeeeeeeeeeeeeeeeeen, 56
Figure 7- Number of successful nests observed during the redbreast sunfish spawning
season (26 May - 25 August 2006) ...........oeueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 57
Figure 8- Number of successful nests observed during the redbreast sunfish spawning
season (4 May - 21 June 2007) .....cccooveviueerereeieeeeeeeeeeeeeeeeeeeeeee e 58
Figure 9- Graph of the effect of daily minimum discharge on daily survival rate of

redbreast sunfish nests for the 2006 spawning season at Wadley ................... 59

Xii



Figure 10- Graph of the effects from the best model taken from the final model set

for the 2006 spawning season at Wadley................oceeevevemeeeeeeeeeeeererennnn. 60
Figure 11- Graph of the effect of daily maximum discharge on daily survival rate of

redbreast sunfish nests for the 2007 spawning season at Wadley ................... 61
Figure 12- Graph of the effects from the best model taken from the final model set

for 2007 spawning season at Wadley................c.ocoevemeeeeeeeereeeeeeseeeeererennn 62
Figure 13- Graph of the proportion of behaviors per interval taken from experimental

base flow conditions at Wadley .............cocoeeeeeieieeniiiieiiieeeeeeeeeee e 63
Figure 14- Graph of the proportion of behaviors per interval taken from experimental

one-unit flow conditions at Wadley ................oco.oueueueieeececeiieeeeeeeeeeeeen, 64
Figure 15- Graph of length:weight regression for males collected from Wadley in

2007 for bioenergeic aANalYSis .............eeeeeeerureeeieieieieeeeeeeee et 65
Figure 16- Graph of length:weight regression for males collected from Saugahatchee

in 2007 for bioenergeic analysis ..............c.ovveeveeeeeieeeieieeeeeeeeeeeeeeeeeeseees e 66
Figure 17- Graph of wet weight (g) residuals, and body and testes energy density

(J/g) residuals plotted against total length (mm) for pre and post-spawn

males collected from Wadley in 2007 .............ccoeevveeeeeeeeeeeeeeeeeeeeeeeerernn 67
Figure 18- Graph of wet weight (g) residuals, and body and testes energy density

(J/g) residuals plotted against total length (mm) for pre and post-spawn

males collected from Saugahatchee in 2007 ..........o..ooooeeveeeeeeeeeeeeeeeee 68
Figure 19- Bar graphs of aquatic, terrestrial and decapoda diet biomass proportions

for pre and post-spawn males collected from Wadley in 2007....................... 69

Xiii



Figure 20- Bar graphs of aquatic, terrestrial and decapoda diet count proportions for
pre and post-spawn males collected from Wadley in 2007 .............ooeu.n........ 70
Figure 21- Bar graphs of aquatic, terrestrial and decapoda diet biomass proportions
for pre and post-spawn males collected from Saugahatchee in 2007 .............. 71
Figure 22- Bar graphs of aquatic, terrestrial and decapoda diet count proportions for
pre and post-spawn males collected from Saugahatchee in 2007.................... 72
Figure 23- Graphs of specific growth rate (J/g/day), specific consumption rate
(J/g/day), and weight (g) in relation to temperature across the
simulation period for the Saugahatchee bioenergetic model........................... 73
Figure 24- Graphs of specific growth rate (J/g/day), specific consumption rate
(J/g/day), and weight (g) in relation to temperature across the

simulation period for the Wadley bioenergetic model................coovvvevereenn.... 74

Xiv



INTRODUCTION

The Tallapoosa River below R.L. Harris Dam (Randolph County, Alabama) is a
regulated river currently subject to adaptive management (Irwin and Freeman 2002;
www.rivermanagement.org). Adaptive management (Walters 1987) is the evaluation of
system response to rmanagement with emphasis on reduction of uncertainty. In this
system, manipulations of water releases at the dam have been implemented for various
management objectives. One primary objective is to gain knowledge and reduce
uncertainty related to effects of flows on native biota (Irwin and Freeman 2002). Irwin
and Freeman (2002) hypothesized that increased base flow, decreased flow fluctuation,
provision of “spawning windows”, and mitigation for cold thermal releases would be
beneficial to many fish species, including nesting centrarchids.

Manipulations of discharge regimes below hydroelectric dams may alleviate negative
effects on reproduction and recruitment of fishes (Irwin et al. 1997; Freeman et al. 2001;
Andress 2002; Irwin and Freeman 2002). Flow management could be implemented to
provide periods of stable flow without significant generation events to allow time for
spawning and larval development (Andress 2002; Irwin and Freeman 2002). Providing
spawning windows would potentially allow for increased nest survival and ultimately
may increase recruitment. Andress (2002) proposed a 10-11 day spawning window in
mid-June for the regulated portion of Tallapoosa River to enhance redbreast sunfish

Lepomis auritus nest survival; however, this management has been minimally evaluated.



Andress (2002) conducted research on nesting redbreast sunfish at regulated sites in
the Tallapoosa and Coosa rivers and an unregulated site in the Tallapoosa River, and
determined that nest success was negatively related to discharge and affected by thermal
regime; however, his research was not conclusive regarding specific causal factors
affecting nest success. In addition, Andress (2002) noted behavioral differences in
nesting males inhabiting regulated versus unregulated sites, but these differences were
not quantified. In support of objectives outlined for adaptive management of flow
regimes below R.L. Harris Dam, quantification of effects of discharge on redbreast
sunfish spawning success, reproductive behaviors, and bioenergetics could provide
valuable data for reducing uncertainty regarding effects of management.

Redbreast sunfish - a model for nesting centrarchids in regulated systems.

The redbreast sunfish is an example of a nesting centrarchid that may be affected by
generation of hydroelectric power and subsequent effects of river regulation on flow
regimes (Lukas and Orth 1993). Redbreast sunfish are geographically widespread
(throughout the east coast from Maine to Florida and along the Gulf of Mexico to Texas),
and males build conspicuous nesting colonies in marginal habitats of streams and rivers
(Lukas and Orth 1993). Building nests for egg development is a reproductive strategy of
éentrarchids that requires an increase in energy demand (Helfman et al. 1997). Nests are
needed to attract females and for protection of eggs and larvae throughout development
to larval swim-up and dispersion. Nests of redbreast sunfish are built by males in shallow
water, are typically bowl shaped ranging in sizes from 0.25 - 1.0 m in diameter, and
contain uniform gravel size (Andress 2002; Boschung and Mayden 2004). Andress
(2002) reported that nests were often located near logs, stumps, or boulders near the
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margins of the Tallapoosa River. Given these characters, redbreast sunfish provide a
model species for evaluation of effects of flow manipulations on nest success, nesting
behavior, and bioenergetics.

Nesting survival

Effects of discharge on spawning success of redbreast sunfish below R.L. Harris dam
was previously examined over two spawning seasons (1999 and 2000) at a regulated site
in the Tallapoosa River, near Wadley, Alabama (Andress 2002). Discharge disturbances
include rapidly rising water levels, increased flow rate, and temperature fluctuation due to
hypolimnetic release (Andress 2002; Cushman 1985). Successful spawning of fishes is a
management objective in the regulated Tallapoosa River. Nesting success of redbreast
sunfish is a metric that can be measured and related to environmental variation due to
flow regime.

Nesting behavior

Redbreast sunfish reproduction has been observed in previous studies (Lukas and
Orth 1993; Andress 2002); however, specific attempts to quantify reproductive behavior
have not been conducted. Cooke and Bunt (2004) indicated that underwater videography
was an effective way to record visual observations of fish, and it can serve as a functional
tbol for obtaining information necessary in management decisions. Using underwater
cameras, unobtrusive observations can be made to draw inference regarding reproductive
biology, bioenergetics, and habitat use (Cooke and Bunt 2004). Recording behavioral
responses to discharge events with underwater video cameras may help identify changes
in reproductive behavior and allow quantification of behavioral patterns (Hinch and
Collins 1991). In addition, behavioral variation can be determined in relation to changing
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flows and temperature fluctuations from hydropeaking, pulse power generation events,
(Cooke and Schreer 2000) and may ultimately be related to nest success. Reproductive
behavior such as nest guarding (i.e., chase and departure) have been recorded on video
for other centrarchids (smallmouth bass Micropterus dolomieu;, Steinhart et al. 2004), but
other aspects of reproductive behavior are less well known (i.e., nest tending, and
spawning). Videography could serve as a valuable method for monitoring potential
effects of discharge on redbreast sunfish spawning behavior.

Bioenergetics

Quantifying variation in energy budgets of redbreast sunfish related to varying
discharge and thermal regimes in rivers has not been attempted. Obtaining male
redbreast sunfish for bioenergetic analysis could provide estimates of parental costs
(Steinhart et al. 2004) related to spawning activity (i.e., nest building, nest maintenance,
and courting) and environmental variation. Parental care is known to increase offspring
survival, but may be a costly investment (Tolonen and Korpimaki 1996; Williams 1966).
Forage consumption is likely reduced during parental care which can affect survival
(parent and offspring) and future reproduction (Hinch and Collins 1991; Steinhart et al
2004). Because males rarely forage during parental care, activity costs of male redbreast
sﬁnﬁsh during parental care could potentially be measured. Energy reserves are likely
further compromised during discharge events by increasing nest maintenance and forcing
increased swimming to maintain position over nests. Furthermore, discharge events
could interrupt reproduction. Because discharge and temperature fluctuations could
impact energy budgets, comparisons between nesting redbreast sunfish from the
regulated portion of the Tallapoosa River and the unregulated portions of the basin
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should be conducted. Adaptive management of flows on the Tallapoosa River requires
continued monitoring of biotic responses to flow management. Monitoring nest success,
reproductive behaviors, and estimating bioenergetics of redbreast sunfish during
spawning will provide vital information for reducing the uncertainty of response to flow
regulation on the Tallapoosa River.

Hypotheses

In regards to nest survival, I hypothesize that environmental characteristics including
discharge and temperature will have impacts on nest success. In particular I predict that
daily maximum discharge will have a direct negative effect on daily survival rate (DSR)
because maximum discharge could potentially destroy nests. I also predict that daily
delta temperature (daily max — daily min temperature) will have an indirect negative
effect on DSR because rapid drops in temperature could lead to male abandonment.
Daily survival rate is predicted to decrease during the course of the spawning season
(linear time trend) because males that spawn early are predicted to have greater success.
As nest age increases I expect DSR to decrease because older nests will be susceptible to
predation. Lastly, I will explore an idea that was proposed by Andress (2002) where later
stages of development will have decreased survival rates. Iexpect Egg/YSF (early stage)
Will have greater survival rate than PUF/SUF (late stage) survival because later
developmental stages will be subject to displacement during high flows.

Behavior of nesting males is expected to change in response to increased discharge.
Specifically, spawning behaviors are expected to cease and behaviors related to increased
nest maintenance and abandonment are expected to rise. Caloric contents for pre-spawn
male redbreast sunfish from the regulated Tallapoosa River are expected to exhibit higher
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energy densities compared to those from unregulated sites in the basin because males will
increase energetic content before spawning in anticipation of disturbance from Harris
Dam; whereas post-spawn males from the Tallapoosa will have lower energy densities
because an increase in parental care/energy expenditure will be required due to variable
discharge and thermal regime.

Objectives

The overall goal of this project was to reduce uncertainty regarding how flow
manipulation affects nesting centrarchids by monitoring redbreast sunfish during their
spawning season in an adaptive management framework. Specific objectives were to: 1)
Determine functional responses of nest survival to discharge and temperature; 2)
determine functional spawning window timing and duration; 3) quantify nesting
behaviors related to discharge; 4) and use bioenergetic models to examine differences in

spawning male redbreast sunfish from the Tallapoosa River basin.



METHODS

Study Area

Two study areas were surveyed from the Tallapoosa River system, Alabama; the
regulated study area was located near Wadley (Randolph County; 33°07°26.14”N,
085°33’33.15”W; Figure 1), 23 km below R.L. Harris Dam (hereafter Harris Dam) and
unregulated sites were located on Saugahatchee Creek near the town of Notasulga, Lee
County, Alabama (32°35°02.74”N, 085°40°33.43”W and 32°36°53.64"N,
085°43°36.74”W; Figure 2). The regulated reach was approximately 1 km in length and
bounded by two shoals having characteristic mixed, coarse piedmont substrates. Harris
Dam produces, pulse power generation used to meet peak demand of electricity;
therefore, unnatural hydrologic and thermal regimes exist below the dam (Irwin and
Freeman 2002) potentially affecting nest survival, nesting behavior and energetics of
stream fishes. Saugahatchee Creek (unregulated) lies near the fall line and exhibits both
piedmont and coastal plain characteristics. This site served as a “control” for portions of
the research (bioenergetics modeling) because thermal regime was driven by
environmental fluctuations rather than by hydroelectric generation. Approximately 3.5

km of this large tributary to the Tallapoosa River were surveyed.



Nest Survival

Environmental variables

Discharge data were collected from USGS gage 02414500 (Wadley) and used in nest
survival analysis. Discharge (m*/s) and temperature (°C) summary graphs for each
spawning season were used to display yearly differences. Also, simple linear regression
and simple correlations were performed on daily maximum discharge and daily delta
temperature for each year to determine effects of power generation on temperature. Four
water temperature loggers (HOBO Water Temp Pro v2; Onset Computer Corporation)
were deployed on bank margins near nesting colonies to record temperature (°C) during
each spawning season for use in degree-day calculations and nest survival analysis. Each
was fixed with cable ties in a 250 mm PVC pipe (30 mm diameter) and attached to the
substrate with eyebolts.

Nest observations

To determine nest survival for redbreast sunfish, nests were surveyed via snorkeling
from May 26 through August 25, 2006 and May 4 through June 21, 2007. After nests
were located, each was marked with a 76‘ X 76 mm brightly colored, numbered wooden
disc fixed to the substrate with 75 mm wood screws (Figure 3).

| Nests were observed every other day, when possible, and developmental stage was
recorded [i.e., eggs, yolk-sac fry (YSF), pop-up fry (PUF), or swim-up fry (SUF); sensu;
Andress 2002]. Nests were considered successful when development stage reached SUF.
Total number of nest attempts was reported and successful attempts were expressed as a
percentage of total attempts (nest success). Attempts with undetermined fate were not

used in determination of nest success. Degree-days for each 24-hour period were used to
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calculate the heat energy necessary for eggs to develop to SUF for 2006 and 2007 using

the following equation:

Equation 1. Degree-days = [(maximum daily temperature +
minimum daily temperature)/2)] — lower threshold
temperature.

Lower threshold temperature used was 17°C, the lower limit for bluegill egg
development (Nakamura et al. 1971). Equation 1 allowed calculation of the number of
degree-days for each 24-hour period and developmental time requirements (cumulative
degree-days) of successful redbreast sunfish nests. Spawning window length was
estimated by dividing mean cumulative degree-days for development by mean number of
degree-days per day for each spawning season. Estimated timing of spawning window
was then determined by observing peak swim-up dates from each season. Peak swim-up
dates corresponded to days when numbers of successful nests were highest.

Nest survival

Nest histories were created from observations of individual nests during both
spawning seasons (2006 and 2007) and input in Program MARK (White and Burnham
1997) to model daily survival of redbreast sunfish nests. Estimated survival rates from
MARK are based on maximum likelihood theory and allow individual covariates to be
iﬁcorporated with the use of the logit link or other link functions. For this study the logit
link function was used. If several spawning attempts were observed on individual nests
then each attempt was treated separately in nest survival analysis. Nesting histories
consisted of six numeric values for each nest attempt as such:

/¥1*¥/1575701;

The first number identified the nest, the second value was the day the nest was found, the
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third value was the last active day, the fourth was last day checked, the fifth was nest fate
(0 = successful, 1 = failed), and the sixth value was number of identical nesting histories.
Program MARK also allowed individual covariates to be entered after these values.

Daily discharge (m3/s) variables and daily temperature (°C) variables were modeled
as covariates to nest survival including: daily maximum discharge, daily minimum
discharge, daily maximum temperature, daily minimum temperature, and daily delta
temperature (daily max — daily min). In addition, nest age effect (Cooch and White
2005), nest stage effect, and a linear time trend effect were used as covariates. Nest age
was simply the age of the nest when found (days), nest stage was determined by splitting
nest age into two categories: nests less than or equal to 6 days old were considered to be
Eggs/YSF (early stage) and those greater than 6 days old were PUF/SUF (late stage).
Four potential models of nest stage were considered where the early stage or late stage
could be modeled to follow a constant DSR or follow a time trend. Finally, the effect of
linear time trend of DSR across the spawning season was modeled (Dinsmore et al.
2002).

Akaike Information Criterion (AIC) corrected for small sample size (AIC.) was used
to score competing models (Burnham and Anderson 2002). A hierarchical approach was
u'sed to determine top models explaining variation in daily survival. Two model sets
were developed to separate environmental covariates (discharge and temperature) and
biological covariates (nest age, nest stage, and linear time trend). The effect of the top
model (AIC, < 3) from the environmental model sets was graphically represented.
Combination of the two model sets (top models only: AIC, < 3) were used to build a final
model set for each year. In the final model sets, a general rule of AAIC, values < 2
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(Burnham and Anderson 2002) was used to determine best model(s) for inference.
Logistic regression equations were reported for each year’s best model.

Nesting Behavior

Video recordings of nesting behavior were acquired during 2006 and 2007 for three
experimental flows defined by release type from Harris Dam; base flow, one-unit or two-
unit generations (Table 1). Nesting behavior was observed using ten waterproof video
cameras (Sea-View® super mini B/W) for the 2006 and 2007 spawning season and
variable cable length (50-200 ft) on cameras allowed nests to be observed by varying
distance to a digital video recorder (DVR; CCTV Factory). Cameras were secured
directly adjacent to nests with fabricated aluminum stands pointed toward the nest center
at approximately a 45° angle. Camera cables were anchored to the substrate with plastic
tent stakes so that they did not interfere with surrounding nests. Power was supplied to
the cameras from a large deep-cycle battery by way of a 12-volt adapter with a ten-way
splitter. A Black & Decker®400 watt inverter attached to a separate large deep cycle
battery supplied power to the DVR and television. All equipment and operators were
secured near the shoreline on a 4.9 m jon boat anchored from the bow and stern (Figure
4). Once cameras were placed each feed was viewed on a television monitor to ensure
broper field of view. After all cameras were set, a 15 minute acclimation period ensued
before recording. Recordings were stored on the DVR internal hard drive automatically
and allowed for simultaneous recordings. At the end of an experiment recording stopped
and equipment was removed. When equipment was returned to the laboratory,
recordings were converted to DVD for backup and analysis. A software program,
BEAST™ (G. Losey, University of Hawaii), was used to analyze the data and allowed
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for real time video analysis of self defined behaviors: defend, leave, clean, egg-stir, court,
and milt.

Behaviors during two of the experimental flows were analyzed: base flow and one-
unit generation flow (Table 1). To define differences in the flow types base flow was
defined as video recorded when discharge was <12 m?/s; generation flow data were
defined as video recorded for at least 14 min prior to a one-unit generation flow event
reaching the study site and discharge >14 m®/s. Use of hydrologic data from the USGS
gage at Wadley allowed differentiation of the two flow types for behavioral analysis.
Fourteen minute video segments (i.e., subsamples) were selected randomly from field
recorded video for base flow. Ten subsamples were selected for behavioral analysis of
each day of recorded video. Each of the behaviors was assigned a toggle key on a
computer keyboard which allowed start and stop of each behavior observation. These
data were analyzed by BEAST and frequencies of behaviors (durations and counts) were
calculated. Proportions of the behavior were determined by further dividing fourteen
minute video subsamples into one minute intervals. Observation of specific behaviors
during one-unit generation events were not possible because of water clarity changes that
occur during generation; therefore, analysis of behavior observed fourteen minutes prior
énd leading up to one-unit generation events was used. For these observations discharge
could be included with behaviors because all recordings were from the same time.
Because of drought conditions only one experimental two-unit generation was filmed
(June 17, 2007) and was not included in behavior analysis because only two active nests

existed during the experiment.
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Bioenergetics

Collection and laboratory procedures

Male redbreast sunfish were collected for bioenergetic analysis from the Tallapoosa
River at Wadley and Saugahatchee Creek (see Figure 1 and 2) at the beginning (Wadley:
April 27, 2007 — May 17, 2007; Saugahatchee: May 10, 2007 — May 29, 2007) and end
(Wadley: June 28, 2007; Saugahatchee: July 26, 2007) of the spawning season. Angling,
backpack electrofishing (Model 12-A; Smith Root®, Inc., Vancouver, Washington), and
boat electrofishing (Honda 2.5 GPP; Type VI-A Electrofisher; Smith Root®, Inc.,
Vancouver, Washington) were used for collection. Whole fish were euthanized in MS-
222 (Tricaine Methane Sulphate), placed on ice, returned the laboratory, and
subsequently frozen.

Samples were thawed, and their wet weight (WW; nearest 0.01 g) and total length
(TL; nearest 1 mm) recorded. Stomach contents were removed and preserved in 95%
EtOH for later weight characterization and identification. Testes and the remaining body
(hereafter referred to as body) were separated and oven-dried at 70°C until a constant
weight (+0.01 g) was achieved for two consecutive days, and then final dry weight was
recorded. Dried samples were blended to a homogenous mixture and then re-dried. At
léast two 0.1 g to 0.2 g pellets were formed and ignited in a semi-micro bomb calorimeter
(Parr Instrument Co., Model 1425) to measure caloric content (cal/g). Additional pellets
were analyzed until a difference between two caloric densities were less than or equal to
two percent. Caloric values for all pellets were averaged to estimate caloric density
(cal-g" dry weight) of the sample. The energetic density per WW of the sample was
determined by multiplying the caloric density by the proportion of final dry weight to
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original WW for each body and testes. Bomb calibration was performed at 100-run
intervals using a benzoic acid standard.

Caloric content analysis

Length-weight regressions were constructed and reported for males collected from
Wadley and Saugahatchee Creek. Energy densities (J/g WW) of body and testes were
compared using SAS v9.1 (SAS Institute Inc. Cary, NC) for pre and post-spawn males
from both Wadley and Saugahatchee Creek using one-way ANOVA and Student’s t-test
(00=0.10). Residuals of WW, body caloric density, and testes caloric density for both
pre- and post-spawn males were calculated, because energetic density can be influenced
by fish size (Mackereth et al. 1999). Residuals were calculated from pooled samples of
pre- and post-spawn males from each site. Observed values of WW and caloric densities
were subtracting from predicted values from each WW, testes caloric density, and body
caloric density from regressions of each against TL (Steinhart and Wurtsbaugh 2003;
Sutton et al. 2000). Residuals of WW, body caloric density, and testes energy density
were then regressed against TL for both pre and post-spawn males from both sites to test
the effect of TL (a = 0.05) on each variable.

Diet analysis

Analysis of diets was performed by reconstructing prey weights using literature
regression equations that are based on total lengths and head widths of insects. Diet
items were identified to Order or Family using a WILD dissecting microscope (Model
M3C; Heerbrugg, Switzerland). Head capsule and/or total length (mm) of diet items
were recorded using a Nikon Digital Sight (Model DS-Fil) with Nikon NIS-Elements D
2.30 software. Wet weight and energy densities were calculated using regressions
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obtained from aquatic and terrestrial invertebrate literature. Estimated weights (mg) for
aquatic invertebrates incorporated a power function equation of head width or body
length (mm):
Equation 2. DW =qL°
where DW is dry weight (mg), L is head width or body length (mm), and a and b are
constants (Benke et al. 1999). Dry weights were converted to wet weight by using a
general coefficient for invertebrates: 1 g dry weight = 6 g wet weight (Waters 1977). For
terrestrial invertebrates predicted weights (g) incorporated the following equation:
Equation 3. logioWW =a + bL + b'L?
where WW is wet weight (g), L is body length (mm), and a and b are constants (Sage
1982). When diet items had no measureable parts, but Order or Family was known an
average value of head width or body length of like taxa was assigned. Also, diet items
with no measurable parts were given a count of one. Carapace length was used for
decapods (crayfish) rather then total length and either shell length or shell width was used
for gastropods and bivalves. Gastropods and bivalves within diets were not identified to
family so the constants a and b within the Benke et al. (1999) paper were averaged to
obtain values used in their DW determination.

| Biomass of each taxa found in diets for the two sites and biomass of both pre- and
post-spawn males was reported. Further analysis included splitting diet items into three
categories: aquatic, terrestrial, and decapoda. Decapods were separated from the aquatic
category to avoid bias in its biomass estimate. Both proportions of diets in terms of
biomass and counts of the categories were calculated. Results from diet biomass and diet

counts were contrasted between both sites for pre- and post-spawn males.
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Bioenergetic modeling

Bioenergetic simulations for Wadley and Saugahatchee males were performed with
Fish Bioenergetics 3.0 (Hanson et al. 1997) to estimate male redbreast sunfish specific
growth rate (J/g/d) and specific consumption rate (J/g/d) across the spawning seasons.
Male WW (g), caloric densities (J/g), water temperature (°C), prey proportions, and prey
energy densities for pre- and post-spawn males from each site were used in simulations.
Prey energy density that were used for simulations for aquatic invertebrates (3674 J/ 2),
crayfish (3476 J/g), and terrestrial invertebrates (3719 J/g) were obtain from literature
values (Irwin, B.J. Masters Thesis; Cummins and Wuycheck 1971). Water temperature
values for Saugahatchee Creek were obtained from the Water Resource Management
Department of Auburn, Alabama; whereas water temperatures for Wadley were taken
from data loggers near nest colonies used in nest survival analysis. Base metabolic
consumption, respiration, and egestion/excretion parameters for adult bluegill (Kitchell et
al. 1974) were used for both sites during simulations. After simulations of base
metabolic parameters and user input parameters were completed, specific growth rates
(J/g/d), specific consumption rates (J/g/d), and weight (g), were compared between sites

with respect to temperature.
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RESULTS
Nest Survival

Environmental variables

Discharge and temperature regimes during the 2006 and 2007 study periods varied
(Figures 5 and 6). During the 2006 spawning season a total of 34 one-unit generations
and a single two-unit generation occurred; whereas, in 2007 two one-unit generations and
a single two-unit generation occurred. In 2006, mean daily maximum discharge during
the spawning season was 101.9 m>/s; whereas, mean daily minimum discharge was 4.0
m’/s with a range of 2.1 — 9.2 m*/s (Table 2). Mean daily maximum temperature was
28.6°C, mean daily minimum temperature was 23.3 °C, and mean daily delta temperature
was 5.4 °C (Table 2). Daily maximum discharge was correlated with daily delta
temperature (r = 0.55), and simple regression indicated a significant relation (r* = 0.31, p
=<0.001; Table 2) in 2006.

In 2007, mean daily maximum discharge was 31.2 m*/s with a range of 281.9 m%/s
and mean daily minimum discharge was 3.2 m’/s (Table 2). Mean daily maximum
temperature was 25.7°C, mean daily minimum temperature was 21.6°C, and mean daily
delta temperature was 4.2 °C (Table 2). Daily maximum discharge and daily delta
temperature were highly correlated (r = 0.75), and simple linear regression indicated a

significant relation (r* = 0.56, p =<0.001; Table 2) in 2007.
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Nest observations

In 2006, a total of 409 nest attempts were observed in 151 redbreast sunfish where
183 attempts were successful (Table 3). In 2007, about half the number of nests and a
quarter of nest attempts were observed in comparison to 2006 (Table 3). However, nest
success was about equal in both years; 51% and 53% in 2006 and 2007, respectively.
Mean cumulative degree-days (+ SE) required for development from egg to SUF was
greater in 2006 (67.1 + 3.27) compared to 2007 (62.6 + 3.90). Similarly, mean degree-
days per 24-hour period (+ SE) were greater for 2006 (8.9 + 0.17) than 2007 (6.7 + 0.31;
Table 3). Peak swim-up dates for 2006 were observed during early to mid-June and
during mid-May and early-June in 2007 (Table 3, Figure 7 and Figure 8).

Nest survival

In 2006, the environmental model set included six competing models (Table 4). The
top model (AAIC, < 3) consisted of the single covariate, the effect of daily minimum
discharge on DSR, and was included in the final model set. This model suggested that
the odds of surviving increased by a factor of 0.33 (SE = 0.06; Table 5) as daily
minimum discharge increased (Table 5). When minimum daily discharge (m3 /s)
increased from the minimum observed to the maximum observed, daily survival rate
iﬁcreased by 14% (Figure 9). The 2006 biological model set included twelve competing
models (Table 6). Three top models (AAIC, < 3) were included in the final model set.
The top model was additive with the effect of nest age on DSR and the effect of DSR
following a linear time trend across the spawning season. The second model was
additive with the effect of early stage (Egg/YSF) held at a constant DSR, effect of late
stage (PUF/SUF) allowed to follow a time trend in DSR, and the effect of DSR following
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a linear time trend across the spawning season. The third model was the additive effect
of both early and late stage following a time trend in DSR, and the effect of DSR
following a linear time trend across the spawning season.

The final model set for 2006 consisted of seven competing models (Table 7). Two
models had AAIC, < 2; the best model included the additive effect of daily minimum
discharge on DSR, nest age on DSR, and DSR following a linear time trend across the
spawning season. The effect of daily minimum discharge in this model improved model
fit by 1.83 AAIC, units from the second model which was the additive effect of nest age
and the effect of DSR following a linear time trend across the spawning season.
Evidence ratio (wi/wj) for the best model was 2.5. The logistic regression equation for the
best model was:

Equation 4. logit(S;) = 1.184 + 0.205*(daily minimum discharge) +

0.123*(nest age) — 0.011%*(linear time trend)
Equation 4 suggests that as daily minimum discharge increased, the odds of survival
increased by a factor of 0.205 (SE = 0.109) for each increase of 1 m%/s. Likewise, as nest
age increased the odds of survival increased by a factor of 0.123 (SE = 0.033) each day.
However, across the nesting season the odds of nest survival decreased by a factor of
0.0l 1 (SE =0.006) each day. Thus, DSR was lower and decreased more rapidly through
the nesting season for young nests when daily minimum discharge was low; however,
nest age and date had relatively little effect on DSR at higher rates of discharge (Figure
10).

For 2007, the environmental model had six competing models (Table 8); the top
model (AAIC, < 3) had a single covariate, the effect of daily maximum discharge on
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DSR, and was included in the final model set. The odds of surviving decreased by a
factor of 0.01 (SE = 0.002) as daily maximum discharge increased (Table 9). When
maximum daily discharge (m*/s) increased from the minimum observed to the maximum
observed, daily survival rate decreased by 61% (Figure 11). The 2007 biological model
set (Table 10) consisted of 12 competing models with five top models (AAIC, < 3). The
first model was a single parameter model supporting the effect of nest age on DSR. The
second top model was additive with effect of nest age on DSR and DSR following a
linear time trend across the spawning season. The third top model was the additive effect
of DSR following a time trend during the early stage, and the effect of DSR held constant
during the late stage. The fourth top model was additive with both stage covariates held
at a constant DSR. The final top model was additive with effect of DSR following a time
trend during the early stage, effect of a DSR held constant during the late stage, and DSR
following a linear time trend across the spawning season.

In 2007 the final model set was comprised of 12 competing models (Table 11). Two
models with AAIC, < 2 were present. The best model explaining variation in daily nest
survival was the additive effects of daily maximum discharge on DSR, nest age on DSR,
and DSR following a linear time trend across the spawning season. The second model
Was similar, but did not have the additive effect of DSR following a linear time trend
across the spawning season. The inclusion of the linear time trend in the top model
increased AAIC, by 0.29 units. An evidence ratio of the best model and second model
was 1.14. The logistic regression equation for the best model was:

Equation 5. logit(S;) = 2.114 - 0.012*(daily maximum discharge) +
0.197*(nest age) — 0.020*(linear time trend)
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Equation 5 suggests that as daily maximum discharge increased, the odds of survival
decreased by a factor of 0.012 (SE = 0.003) for each increase of 1 m?/s. However, as nest
age increased the odds of survival increased by a factor of 0.197 (SE = 0.051) each day.
Across the nesting season the odds of nest survival decreased by a factor of 0.02 (SE =
0.013) each day. Thus, DSR was much lower for young nests when daily maximum
discharge was high; however, nest age and date had relatively minute effect on DSR at
lower rates of discharge (Figure 12).

Nesting Behavior

The majority of behavioral data were collected during base flow conditions (Figure
13). Six behaviors were observed and proportion of time spent exhibiting behavior was
quantified during one-minute video segments (Figure 13). During base flow conditions
the primary behaviors were defend (average time spent = 36%) or leave (average time
spent = 46%; Figure 13). No trends were apparent, but when either of these behaviors
were depressed the other behaviors becomes proportionally greater. Both the egg-stir
and court behaviors were the next most frequent and averaged up to almost 20% of their
activity per minute interval. The clean and milt behavior were less common in relation to
other behaviors each averaging about 5% per minute interval.

Behaviors recorded leading up to one-unit flow were different in comparison to base
flow conditions (Figure 14). Within the first two minutes of a one-unit generation event,
both defend and leave behaviors decreased (15% and 10% respectively) and the clean
behavior increased to 20%. After the initial increase in discharge, the leave behavior
became much more frequent; a 24% increase in the proportion of this behavior was
observed between the fourth and fifth minute interval. After the fifth minute interval, the
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defend behavior steadily declined and the clean behavior became more prevalent. The
spawning behaviors of court and milt were never observed during one-unit observations.

Bioenergetics

A total of 22 pre-spawn males and 18 post-spawn males were collected from Wadley.
Pre-spawn males had a mean total length of 183 mm and mean wet weight of 124 g;
whereas, post-spawn males averaged 171 mm TL and 102 g. At Saugahatchee Creek a
total of 20 pre-spawn males and 21 post-spawn males were collected. Mean total length
for pre-spawn males was 155 mm and mean wet weight was 66 g; whereas post-spawn
averaged 151 mm TL and 59 g. Male length:weight regressions for both sites were best
fit with a power function (Figure 15 and 16) and both regressions indicated a strong
relation (Wadley r* = 0.986; Saugahatchee r* = 0.976).

Caloric content analysis

Mean body energy density (J/g) was higher at Wadley for both pre- and post-spawn
males, but mean testes energy density (J/g) for pre-spawn males from Wadley was lower
(Table 12). Body and testes energy densities (J/g) were not different between pre- and
post-spawn males at Wadley (p > 0.10). Saugahatchee males showed no significant
differences between pre- and post-spawn body energy densities (p > 0.10), but significant
differences were detected for testes energy densities (Fj 30=-1.81, p = 0.08). Body
energy densities between pre-spawn males for both sites showed no significant
differences (p > 0.10), but significant differences were observed for post-spawn males
(F1,37=10.22, p = 0.003; 1 = -3.20, p = 0.003). Testes energy densities differences were
detected between pre-spawn males from both sites (F; 35= 3.97, p=0.05;t=2.09,p =
0.05) but not between post-spawn males (p > 0.10). Regression of residuals of WW and
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energy densities (body and testes) against TL for both pre- and post-spawn males showed
no significant relations at either of the sites (Figures 17 and Figure 18).

Diet analysis

Diets of redbreast sunfish males consisted of invertebrates. A total of 19 insect orders
were identified in diets of males collected from Wadley; 17 orders were identified in diets
from fish collected in Saugahatchee Creek (Table 13). At the Wadley site, total diet
biomass was 60.3 g; pre-spawn diet biomass was 42.6 g (N=22, 2 empty), and post-
spawn diet biomass was 17.7 g (N=18, 2 empty). Total diet biomass from fish collected
in Saugahatchee Creek was 24.2 g; pre-spawn diet biomass was 7.2 g (N=20, 4 empty),
and post-spawn diet biomass was 17.0 g (N=21, 7 empty). Diet biomass of pre-spawn
redbreast sunfish males from Wadley was proportionally greater in decapods (62%)
followed by aquatic macroinvertebrates (32%) and terrestrial invertebrates (6%)
respectively; whereas diet biomass for post-spawn was spread evenly across the three diet
types (Figure 19). In contrast, when looking at post-spawn diet counts for Wadley
(Figure 20) decapods proportionally were the least important (2%) and aquatic
macroinvertebrates were the dominant prey (87%) followed by terrestrial invertebrates
(11%). Decapods were not present in diets of pre-spawn males from Saugahatchee Creek
and aquatic macroinvertebrates comprised 65% of the diet biomass, however 76% of the
post-spawn diet biomass was decapods followed by 19% terrestrial invertebrates and 5%
aquatic macroinvertebrates (Figure 21). In Saugahatchee Creek, count data for pre-
spawn male redbreast sunfish diets were not different from biomass results; however,
count data from post-spawn male diets were different from biomass results (terrestrial
invertebrates, 61%; aquatic macroinvertebrates, 34%; and decapods, 5%; Figure 22).
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Bioenergetic modeling

Model parameters used in the bioenergetic models for male redbreast sunfish
collected from Wadley and Saugahatchee are listed in Table 14. Initial models estimated
a p-value (proportion of maximal consumption) of 0.491 for males from Saugahatchee
and 0.285 for males from Wadley. Consumption by males was estimated at 129 g and
89 g for Saugahatchee and Wadley, respectively. Males from Saugahatchee had the
lowest estimated specific growth rate of -50 J/g/day during day 34 of the simulation,
when temperature peaked at its highest value of 33 °C (Figure 23). Positive specific
growth rates were estimated during early and late portions of the simulation when
temperatures decreased. Positive specific growth rates were never predicted at Wadley
during its simulation and reached their lowest on day 46 of the simulation at -26 J/g/day;
however, during most days specific growth rate was predicted to be under -15 J/g/day
(Figure 24). Predicted specific consumption rate (J/g/day) was considerably higher for
males from Saugahatchee and reached its lowest value on day 34 during the highest
temperature observed during the simulation; whereas, specific consumption rate closely
followed temperature across the entire simulation for fish from Wadley (Fi gure 23 and
Figure 24). Predicted weight (g) remained constant during the first 17 days of the
simulation at Saugahatchee then began to decline through day 37 during high
temperatures and then leveled out for the remainder of the simulation (Figure 24).
Predicted weight of fish from Wadley exhibited a decreasing trend throughout the

simulation (Figure 24).
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DISCUSSION

Adaptive resource management provides a framework for decision making relative to
management of socio-ecological systems where uncertainty is recognized (Williams et al.
2007). Monitoring of resources in response to management activities, application of
knowledge gained during monitoring, and reduction of uncertainty related to effects of
management on resources ultimately provide inference for prescription of future
management (Walters 1986). This study was conducted in support of the “monitor-
compare-adjust” process of adaptive management of the Tallapoosa River below R.L.
Harris Dam (Kennedy et al. 2006). Specifically, monitoring of nest survival of redbreast
sunfish has increased our knowledge relative to the functional responses of nest survival
to discharge. Consequently, findings are directly transferable to support the structured
decision making tool (Bayesian Belief Network; BBN) described by Kennedy et al.
(2006) for adaptive management of the Tallapoosa River below Harris Dam. In addition,
the unexpected occurrence of a severe drought during the 2007 spawning season allowed
for quantification of nest survival in responses to water management in an extreme dry
water year.

High flow events have been implicated as an important variable for explaining
variation in nest success for centrarchids (Lukas and Orth 1995; Andress 2002). Andress
(2002) reported that increased discharge was detrimental to nest success of redbreast

sunfish in the Tallapoosa River. His study years included an extreme wet year (1999)
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and a moderately wet year (2000); nest success was 7% and 51% in the study years,
respectively. Nest success for both years observed in the present study (2006 = 51%;
2007 = 53%) was similar to Andress’ (2002) findings in 2000, although the number of
nest attempts and length of observational period varied between years. Nest success was
likely low in 1999 due to shorter periods of stable flow and higher magnitude
disturbances (Andress, 2002). In 2000 and 2006, Harris Dam had a similar generation
schedule with few two-unit generations, and long periods of stable flows. Very few
generations and extremely long periods of stable flows during 2007 likely led to a similar
nest success rate.

Andress (2002) used known-fate analysis in Program MARK for nest survival
estimation and although nest survival was negatively related to discharge for both of his
study years, definition of functional relations was limited with his approach. Since 2002,
a nest survival model is now available in Program MARK that allowed for incorporation
of individual, group, and time-specific covariates to estimate nest survival (White and
Burnham 1999; Dinsmore et al. 2002). This approach allowed for development and
analysis (using AIC., Burnham and Anderson 2002) of detailed competing models.

Findings from the current study support the use of spawning windows (Irwin and
Freeman 2002) to increase recruitment potential of redbreast sunfish. Developmental
time requirements for nests suggest that spawning window duration of 10-11 days would
be sufficient for production of redbreast sunfish swim-up larvae (present study, Andress
2002). However, during the drought year peak swim-up dates were earlier than observed
in other years, indicating that spawning windows could be provided earlier (mid-May)
than previous suggested (mid-June; Andress 2002) during drought years. May spawning
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windows could enhance recruitment of both game and non-game fishes in the regulated
Tallapoosa River (Irwin et al. 1997; Freeman et al. 2001). Recruitment is an important
goal of the adaptive management project to support healthy fish communities and sport
fisheries (Irwin and Freeman 2002; Kennedy et al. 2006). This increased flexibility is
beneficial to the adaptive management of the Tallapoosa River.

Results from nest survival modeling did not indicate that temperature was related to
daily survival of nests; however, because discharge and temperature were correlated,
power to detect specific effects of temperature on nest survival was likely low. More
specific testing to separate the potential effects of temperature on nest survival may be
warranted particularly in light of the influence of temperature on metabolic constraints
(Diana 1984). Laboratory experiments could separate the effects of temperature from
discharge and allow for examination of parameters that might be influenced differentially
by the two abiotic factors (Weyers et al. 2003). A concurrent study is being conducted to
define the effects of temperature on larval survival and growth of young-of-the-year
channel catfish (Ictalurus punctatus) and spotted bass (Micropterus punctulatus) (T.
Goar, personal communication), and these data may be valuable in quantifying
uncertainty related to survival of larvae after they leave nests.

Direct observation of behavior changes during discharge disturbances allowed for
quantification of nesting behaviors in relation to increased discharge. Other studies
concerning nesting centrarchids have observed nest abandonment or failure in relation to
abiotic factors (Goff 1986; Lukas and Orth 1995, Steinhart et al.2005). Results from
observations of nesting male redbreast sunfish during flow experiments supported my
hypotheses that behaviors related to spawning (e.g., milt and court behaviors) ceased
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during one-unit generations and the leave behavior (i.e., displacement) increased. Also,
nest tending behaviors (e.g., clean behavior) increased when compared to base flow clean
behavior. As discharge increased during one-unit flow recordings, removal of debris
deposited into nests accounted for the increase in the clean behavior (Appendix B).
Examples of behaviors (i.e., video clips) during both base flow and one-unit flow
experiments can be observed on the CD included in Appendix B. In addition, detrimental
effects of two-unit generation were suggested by Andress (2002) and corroborated by this
study (Appendix A).

A significant difference of energetic content was detected between post-spawn males,
but contrary to prediction, males from Saugahatchee Creek had lower body caloric
content. Lower caloric content observed in post-spawn males from Saugahatchee Creek
may have been related to increased metabolic costs associated with elevated temperatures
observed at the Saugahatchee Creek. Water temperatures at Wadley were lower and
relatively constant because of water regulation from Harris Dam compared to
Saugahatchee Creek which was subject to extremely low water levels and elevated
temperatures due to the 2007 drought. Both bioenergetic models illustrated the
importance of temperature related effects on specific growth rate; decreased growth was
predicted at higher temperatures. Negative specific growth rates were not unexpected as
spawning and parental investment could have accounted for this observation; males can
lose up to 10% of body weight during parental care (Coleman and Fischer 1991). Results
from the bioenergetic models suggested that male redbreast sunfish from Saugahatchee
Creek experienced more drastic metabolic costs due to drought conditions because of
higher temperatures. High temperatures were mitigated by flow management, thus
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similar metabolic costs were not experienced by spawning redbreast sunfish during 2007.
Although temperature did not appear to influence nest survival, it had important effects
on metabolism, and therefore may indirectly affect nest survival.

Sampling design for the bioenergetic portion of this project did not allow for
maximum contrast between pre- and post-spawn males because fish were collected over a
range of dates during pre-spawn, and post-spawn males were collected on two dates
separated by nearly a month. Another potential sampling design flaw included using fish
collected from two sampling techniques, both angling (pre-spawn males) and
electrofishing (post-spawn males) which could have introduced bias related to either size
or condition of male fish.

Behaviors recorded and quantified during experimental flows allowed observation of
differences between base flow and one-unit flows; however observations of two-unit
flows were limited and further observations are needed to describe differences between
experimental flow types. Quantification of true activity cost differences could be
acquired from videos and incorporated into bioenergetic modeling, but would require the
use of two cameras simultaneously recording each fish. Methods used by Bosclair (1992)
could be implemented to allow activity cost differences to be calculated by positioning
two cameras in an x, y, z Cartesian co-ordinate plane (Trudel and Boisclair 1996) and
determining fish co-ordinates at 1-s intervals. Also, electromyogram (EMG) telemetry
could record immediate responses to environmental stessors (Cooke et al. 2001; Cooke
and Schreer 2003; Murchie and Smokorowski 2004). These methods would allow for
better estimation of how behavior and bioenergetics are coupled and related to

reproductive success during adverse environmental conditions.
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Because specific hydrology was different between years of the present study, testing
of my a priori hypotheses on nest success in relation to specific flow patterns was
possible. Nest survival models from 2006 identified a minimum flow requirement while
2007 revealed a different peak swim-up time. These results led to recommendations for
timing of spawning windows during drought years and allowed updating of the decision
support model related to redbreast sunfish spawning success. Although extreme drought
conditions did not negatively affect overall nest survival in the regulated Tallapoosa
River, lower flows similar to what might be provided in a drought contingency plan could

reduce survival.
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Table 1. Definition of experimental flows released from R. L. Harris Dam during the
study (May - August of 2006 and May - June 2007). Discharge data from the USGS
gage near Wadley, Alabama (#02414500) were evaluated to determine the number of
occurrences for each experimental flow type. Video data of nesting behavior of
redbreast sunfish were collected during different experimental flow events. The
number of video observations equates to the number of nests observed for the
behavioral study during different experimental flows.

Number of
Definition and duration of =~ Number of video
Experimental flow release occurrences  observations
Base Flow One turbine, 0-30 minutes 98 29
One-unit - One turbine, >30 minutes 36 10
Two-unit Two turbines, > 30 minutes 2 2
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Table 5. Parameter estimates (B), standard errors, and 95% confidence limits (LCL =
lower confidence level, UCL = upper confidence level) for the environmental model set
of covariates used to determine influence on redbreast sunfish nest success in 2006
(Tallapoosa River near Wadley, Alabama).

Parameter Estimate SE LCL UCL
Intercept 3.113 0.173 2.774 3.452
Daily Maximum Discharge -0.006 0.001 -0.008 -0.003
Intercept 0.999 0.273 0.465 1.534

Daily Minimum Discharge 0.331 0.062 0.210 0.452
Intercept 8.964 1.351 6.316 11.611
Daily Maximum Temperature -0.231 0.048 -0.325 -0.318
Intercept 5.487 1.127 3.277 7.697
Daily Minimum Temper<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>