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Executive Summary
The Chattahoochee River (Alabama-Georgia) drainage is faunally distinct from other
major river systems in the region. Although confined to a relative small portion of the state,
stream tributaries that flow into the Chattahoochee River contain numerous species unique to
Alabama’s fish fauna. Ten species have been listed by Alabama as species of moderate to high
conservation concern that occur in these Chattahoochee tributaries. In order to protect these
species and overall faunal diversity, information on the distribution, status, changes in fish
assemblages, abundance, and habitat requirements of these fish is required.
From 2005 to 2007, we collected fish and conducted field measurements in four
Chattahoochee River tributaries including Osanippa, Halawakee, Wacoochee, and Uchee Creeks
in east-central Alabama. Fish samples were taken using a backpack electrofisher, seine and
angling. Of the ten fish species of conservation concern listed by Alabama and within the
Chattahoochee River drainage, seven of these fish were or could be found in our four study
streams including bluefin stoneroller Campostoma pauciradii (priority ranking or PR 3);
bluestripe shiner Cyprinella callitaenia (PR 3); blacktip shiner Lythrurus atrapiculus, (PR 5);
highscale shiner Notropis hypsilepis, (PR 3); greyfin redhorse Moxostoma sp. (PR 4); shoal bass
Micropterus cataractae (PR 2); Halloween darter Percina sp., (PR 1); with lowest priority
rankings indicated species of highest conservation concern. In addition, our study focused on
the population demographics, biology, movement, and habitat use of shoal bass.
We sampled 50 sites and documented the presence of 44 species of fish. Of the species of
conservation concern, bluefin stoneroller was collected throughout all four streams, and has not
suffered a distributional decline relative to it's historical distribution. The bluestripe shiner was
not collected during our survey, but this fish was found prior to 2005-2006 in these some of
these streams. Bluestripe shiner was historically found at our study sites in Halawakee and
Wacoochee creeks, but is apparently extirpated. The blacktip shiner and highscale shiner were
found at four and three sites, respectively and both of these species were formerly widely
distributed in these streams. Greyfin redhorse was collected at two sites. Greyfin redhorse is
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such a sporadically collected species that it is not possible to compare its current distribution
with past records. Shoal bass were collected at seven sites in all four streams including Osanippa
Creek which represents a new locale for this species. However, shoal bass have suffered a
distributional decline in the other three other watersheds. No Halloween darters were discovered
during this study, but were found at sites downstream of our current study sites in the Uchee
system in a previous survey.
Not only have certain species suffered declines, but whole fish assemblages have
changed as comparison with historical collections revealed very low similarity in Halawakee,
Wacoochee and Little Uchee creeks (no historical records exist at our sample sites in Osanippa
Creek). As expected, the lowest similarity values were between 1970s and 2005 collections.
Analysis of stability and persistence provided more evidence of fish assemblage shifts over time.
At most sites examined, complete shifts in the composition and abundances of fishes has
occurred. Additionally, with the exception of bluefin stoneroller, all species of conservation
concern showed a distributional decline, similar to other species within these watersheds. In
particular, once widespread and abundant cyprinids have been replaced with cosmopolitan
species such as the blackbanded darter, redbreast sunfish, and blacktail shiner.
Examination of land cover shows a significant proportion of forested landscape in the
study watersheds. However, much of this cover is in pine monoculture and an increase in pine
monoculture and a decrease in hardwood-pine has occurred in both the Halawakee and
Wacoochee Creek watersheds since the 1970s. However, this was not true for the Little Uchee
Creek watershed, but an increase in percent urban landscape occurred. In the three county
region that encompassed these four watersheds, the human population increased from about
125,000 to 211,000 residents, a 69% increase between 1950 and 2006. Consonant with the
change in land use patterns and increase in human population, a long-term decline in flow at
Uchee Creek has occurred since 1949. Since 1949, we detected a 32% (January to December)
and 43% (May to October) reduction in flow between 1949 and 2006. Conversely, rainfall
amounts in Lee and Russell counties did not any show either a decreasing or increasing trend
during this same time period. Thus, long-term climatic patterns did not appear related to the
decline in water flow in this watershed. If the reduction in flow at Uchee Creek was indicative
of patterns in the other watersheds, then this may be related to the occurrence and decline of
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many fish species and changes in faunal composition that has occurred over the past 30-35 years.
Shoal bass are considered habitat specialists and prefer shoals, but little information
exists on the current status, habitat use, movement, and home range size. Habitat use of larval,
juvenile and adult shoal bass was monitored in Little Uchee Creek in 2005 and 2006. Larvae
and juveniles used different habitats than adults and each other. All groups used habitat that
differed from what was generally available. Adult shoal bass used different habitat in 2005
when water levels were relatively greater than in 2006. During low water level periods adults
moved into pool mesohabitat, emphasizing the importance of habitat connectivity for the
persistence of this species.
Fifty km of our four study streams and about 6 km of shoal bass habitat were found.
Only one substantial population of shoal bass was found (Moffits Mill on Little Uchee Creek).
On the three other streams, these fish were infrequently collected or rare. A multiple census
mark-recapture study in April 2005 estimated a population size of 72 shoal bass (90% CI = 48,
130) with a density and biomass of 42 fish/ha and 11.7 kg/ha of shoal bass (> 150 mm TL)
residing in the Moffits Mill shoal. Estimates of shoal bass population size were similar in
November 2005 (N = 107) and April 2006 (N = 69), but declined dramatically in November
2006 (N = 13) and April 2007 (N = 23) due to mortality and some migration from the shoal as
this site dewatered in summer-fall 2006. From November 2005 to April 2006, survival was 82%
based on mortality sensors in radio telemetered fish, but declined to 22% over a 6-month period
after this time.
Radio telemetry of 24 shoal bass revealed that these fish exhibited relatively sedentary
behavior with little movement outside of the shoal. However, as dry conditions persisted
through summer and fall 2006, movement increased and 3 individuals moved to a refuge area
just downstream of the dewatered shoal. Shoal bass were strongly associated with boulder
substrate, lower-than-available current velocity (# 0.10 m/s), and average available depth (0.30 m
- 0.50 m). Home range analysis revealed that 92 % of radio tagged shoal bass remained within
the Moffits Mill shoal complex and indicated that these fish primarily used the shoal throughout
the year.
In summary, land use, water flow and possibly habitat changes, the associated increase in
human population, and fish population fragmentation have negatively affected many fish species
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in our study streams. Protection and restoration of stream habitat should stabilize the declines in
native fish distributions that were demonstrated in this study. Although it is not possible to
prevent changes in land use, measures can be taken to reduce the impact of these practices on
watersheds. The decline in water flow in Uchee Creek over the past 50 years after accounting
climatic conditions is alarming and regulation of both surface and ground water withdrawal may
help reduce the impact of water flows in these streams. Working with land owners to implement
riparian corridor establishment would lessen the impact of rapid water run off and reduce
sediment inputs. Such measures will lessen the homongenization of the aquatic fauna that is
occurring at a rapid pace in these watersheds. As with other species of conservation concern,
shoal bass have likely declined (except for 1 population) in Chattahoochee River tributaries in
Alabama. In the past, droughts likely adversely affected these shoal bass populations, but now
recolonization of fish from the Chattahoochee River into Osanippa, Halawakee, and Wacoochee
creeks is not possible as impoundment of these sections of the river (Lake Harding and Goat
Rock Lake) has essentially extirpated shoal bass. Finally, spotted bass were recently introduced
into the Chattahoochee River basin and when spotted bass relative abundances were high, shoal
bass were not as abundant. Thus, spotted bass were likely detrimental to shoal bass. One
immediate, but not necessarily long-term solution would be to stock shoal bass in Osanippa,
Wacoochee, and Halawakee Creeks. A moratorium of shoal bass harvest in Alabama was put
into effect on 1 October, 2006 in an attempt to protect shoal bass in Alabama.
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Chapter 1 - Persistence and Stability of Fish Assemblages and Status of Species of
Special Concern in Four Tributary Streams of the Chattachoochee River, Alabama

Introduction
The most diverse freshwater aquatic fauna in North America is contained within the
geographic boundary of Alabama (Boschung and Mayden 2004). This faunal richness is due to a
combination of several distinct drainages and physiographic regions in the state. The
Chattahoochee River drainage is faunally distinct from other Alabama rivers, and although
confined to a relatively small portion of the state, the drainage contributes numerous unique
species to Alabama’s fish fauna. The number of unique species includes fishes exclusive to
upland or lowland habitats, as streams in Alabama that drain into the Chattahoochee River
contain lands both above and below the fall line. In order to protect this important aspect of
Alabama’s biodiversity, information on the distribution and habitat use of these fishes is
required.
Ten fishes whose ranges in Alabama are restricted to the Chattahoochee drainage,
including species with widely differing life histories such as the shoal bass Micropterus
cataractae and bluefin stoneroller Campostoma pauciradii were recently listed as priority
conservation species for Alabama due to declines in distribution and abundance (Mirarchi et al.
2004). Reasons for the decline in species distribution and abundances were not known, but
proposed impacts included habitat degradation such as water draw down for irrigation, poor land
use (causing an increase in siltation), and deterioration of water quality. The extent of species
imperilment is not fully understood, but recent surveys for imperiled minnows demonstrate
significant range reduction (70% for broadstripe shiner Pteronotropis euryzonus and significant
reduction for bluestripe shiner Cyprinella callitaenia). The species declines in these streams call
for a comprehensive survey of the fish fauna of this system. With these data, areas that need
immediate mitigation or protection can be identified, and areas can be targeted for restoration. If
habitat restoration efforts are implemented in a timely manner, the fauna of this system may be
conserved, and federal protection of several species may become unnecessary.
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The objectives of this study were to:
1) Assess the distribution and relative abundance of fishes in selected Chattahoochee
River tributaries in Alabama, including the status of seven species of high to moderate
conservation concern (bluefin stoneroller, priority ranking 3*; bluestripe shiner, priority ranking
3; blacktip shiner Lythrurus atrapiculus, priority ranking 5; highscale shiner Notropis hypsilepis,
priority ranking 3; greyfin redhorse Moxostoma sp., priority ranking 4; shoal bass, priority
ranking 2; Halloween darer Percina sp., priority ranking 1). Three additional species of
conservation concern found in the drainage system are restricted to the coastal plain
physiographic region and have no historical records in our study areas.
2) Compare the assemblage composition between historical and current collections using
similarity, persistence, and stability metrics.
3) Examine potential changes in fish distribution with land use changes during the past 30
years. The change in water flow, precipitation patterns, and human population within our study
basins was also examined.

Methods

Abundance and distribution of fishes, including rare and priority species were assessed by
sampling representative sites within selected streams (Opanippa, Halawakee, Wachoochee and
Uchee; Figure 1-1). The study streams were located in the piedmont/fall line hills physiographic
region, and six species of concern have historical records here (bluefin stoneroller, bluestripe
shiner, blacktip shiner, highscale shiner, grayfin redhorse, and shoal bass). The distribution of
the Halloween darter is poorly known in Alabama, but its distribution in Georgia suggested that
it may be found in this physiographic region. Eight to sixteen sites throughout each watershed
were sampled, including historical sites for species of special concern. Samples were taken
during spring to fall in 2005 and 2006 using a backpack electrofisher and seine. Fish were
euthanized using MS-222 and preserved in 10% formalin. Specimens were sorted and identified
to species in the laboratory. All specimens were vouchered in the Auburn University Museum
1-2

(AUM). Some specimens of shoal bass and large-bodied fishes were identified, photographed,
and released.
Similarity indices were computed using the Ecological Methodology software (Krebs
2003) and interpreted as outlined in Spellerberg (1991). The index of stability (Spearman rank
correlation) and persistence (P) followed Walser (1996):

P = 1 - T, where T is:

T = (C + E)/(S1 + S2);

and C and E are the number of species colonizations and extinctions between sample periods S1
and S2. Fish assemblage data for 1995 are from Walser (1996); 1970s collections are averaged
museum records (number of specimens divided by the number of collections) from
approximately 1971-1976 taken from Auburn University Museum (AUM) and University of
Alabama Ichthyological Collection (UAIC) records.
Changes in land use were assessed for each watershed, except for Osanippa Creek as data
were not available. We compared the land cover in Wallser (1996) with more recent land cover
in the 2001 National Land Cover Dataset (NLCD, http://www.mrlc.gov/mrlc2k_nlcd.asp, see
Figure 1-3). For the comparison, the NLCD classification was crosswalked to the earlier
classification, watershed boundaries were obtained from the National Hydrography Dataset
(NHD, http://nhd.usgs.gov/ ), and land cover was summarized within each watershed.
Daily flow data from 1 January 1949 to 31 December 2006 was obtained from the United
States Geological Survey (USGS site number 02342500) on Uchee Creek near Fort Mitchell,
Alabama. This site was not within the stream reaches we sampled, but is within the Little Uchee
Creek watershed. We assumed these data were indicative of temporal patterns of flow within our
four watersheds. Data were summed for each month and year and time-series analysis was
conducted following the procedures outlined by Maceina and Periera (2007) to determine if longterm changes in flow occurred in lower Uchee Creek. In addition, we obtained monthly rainfall
data from 1 January 1949 through 31 December 2006, from 8 and 10 weather monitoring stations
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in Lee and Russell Counties, Alabama (Southeast Regional Climate Center;
(http://www.ncdc.noaa.gov/oa/climate/stationlocator) that encompassed the Uchee Creek
watershed. Among stations, these data were averaged for each month and year and similar to
flow data, time-series analysis were conducted to determine if rainfall variation was associated
with any changes in long-term flow at Uchee Creek.
Finally, our four study creeks transverse three counties (Chambers, Lee, and Russell) and
human demographic data were summed from these three counties in 1950 and 2006
(http://www.census.gov/population/cencounts) to assess the change in human habitation in these
watersheds.

Results
A total of 50 sites were sampled which yielded 44 species (Tables 1-1 to 1-4). Six sites
were sampled twice, and one site was sampled three times. Of the species of conservation
concern, bluefin stoneroller was collected throughout all four streams, and has not suffered a
distributional decline relative to it's historical distribution (33/44 sites or 75%). The bluestripe
shiner was not collected, although it was historically distributed in these streams. These results
mirror those of Shepard et al. (1995), although these authors found an extant population in
Halawakee Creek. However, 'hybrid' individuals (Cyprinella callitaenia x Cyprinella venusta)
verified by taxonomic assessment were found in Wacoochee Creek (sites 5 and 6). The blacktip
shiner was found at four sites, while highscale shiner was collected at three sites. Both of these
species were formerly widely distributed in these streams. Greyfin redhorse was collected at two
sites. Shoal bass were collected at seven sites, and two 'hybrid' individuals (D. Phillip; Illinois
Survey of Natural History, unpublished data) with spotted bass Micropterus punctulatus were
collected in Osanippa Creek (Figure 1-2). No prior records of shoal bass exist for Osanippa
Creek. No Halloween darters were discovered during this study, but were found at sites
downstream of our current study sites in the Uchee system (Johnston and Farmer 2005).
Comparison of current collections to historical data revealed patterns of compositional
change and species decline (Tables 1-5 to 1-14; note virtually no historical data for Osanippa
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Creek exist). Bluestripe shiner was historically found at our study sites in Halawakee and
Wacoochee creeks, but is apparently extirpated. Hybrid individuals were collected in Wacoohee,
and were documented in some streams in the early 1980's by John Ramsey (see AUM collection
records). Bluestripe shiner was once both widespread and fairly abundant in these streams, but
has suffered a distributional decline as well as a reduction in numbers. Blacktip shiner was once
the most common fish at one site (Little Uchee site 2), where it has been eliminated. This
species has persisted in a few collections, but has suffered an overall decline. Greyfin redhorse is
such a sporadically collected species that it is not possible to compare its current distribution
with past records. Shoal bass has suffered a distributional decline, although in Osanippa Creek,
these fish were newly discovered in our collections.
In Little Uchee Creek, blacktip shiner and highscale shiner were absent in collections in
1995, while bluefin stoneroller persisted (Tables 1-5 and 1-6). Similarly, all species of
conservation concern were absent in the current collections except bluefin stoneroller in
Halawakee Creek (Tables 1-7 and 1-12) and Wacoochee Creek (Tables 1-8 to 1-11). Blacktip
shiner has persisted at some sites in Wacoochee Creek.
Not only have certain species suffered declines, but whole fish assemblages have
changed. Comparison with historical collections revealed very low similarity (Tables 1-13). The
one value of high similarity (Wacoochee site 12), was between the 1995 and 2005 collections.
The fish assemblage had already shifted composition by 1995, with all of the predominant
species being replaced in abundance over time. As expected, the lowest similarity values were
between 1970s and 2005 collections (Table 1-13). Examination of similarity values between the
two shorter time spans can determine the approximate time of assemblage shifts. For example,
Halawakee site 8 had fair similarity of 1970s assemblages with data collected 1995, but data for
1995 and 2005 samples had very low similarity, and suggested a change in the fish fauna
occurred during this time frame. From 1995 to 2005, four of the eight sites in this analysis
shifted from cyprinid species as the most abundant fish in the assemblage to blackbanded darter
Percina nigrofasciata. The sites that did not shift to a blackbanded darter dominated assemblage
shifted to redbreast sunfish Lepomis auritus or blacktail shiner (one site already had blackbanded
darters as the dominant species by the 1970s).
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The analysis of stability and persistence provided more evidence of fish assemblage shifts
over time (Table 1-14). Very few of the assemblages for specific sites were correlated, and
indicated a lack of similarity over time. Those assemblages that were similar were all from the
1995-2005 time period, and low values for the preceeding samples suggested that the assemblage
had already shifted composition. Very few sites showed high persistence (0=no species
turnover, 1=complete turnover), with the lowest persistence seen between samples taken from
1970s to 2005, as would be expected.
Examination of land cover shows a significant proportion of forested landscape in the
study watersheds (Figure 1-3). However, much of this cover is in pine monoculture (Figures 1-4
to 1-6). An increase in pine monoculture and a decrease in hardwood-pine has occurred in both
the Halawakee and Wacoochee Creek watersheds since the 1970s (Figures 1-4 to 1-6). This was
not true for the Little Uchee Creek watershed, however an increase in percent urban landscape
occurred (from 8 to 13%; Figure 1-6).
Time-series regression and Kendall tau-b correlation indicated a significant (P < 0.05)
temporal decline in flow at Uchee Creek has occurred since 1949 (Figure 1-7). Since 1949, we
detected a 32% decline in flow from a predicted average of 256 in 1949 to 174 cfs by 2006.
Similarly, for data from 1 May to 31 October, when evapotransporation rates are typically higher
and stream flows lower, even a more significant (P < 0.01) decrease in flows has occurred since
1949 (Figure 1-7). From 1949 to 2006, predicted flow decreased from 134 to 76 cfs, a 43%
decline during this 6 month time period. Conversely, rainfall amounts in Lee and Russell
counties since 1949 did not show long-term trends (P > 0.10). In the three county region that
encompassed these four watersheds, the human population increased from about 125,000 to
211,000 residents, a 69% increase between 1950 and 2006 .

Discussion
Data from this study provided strong evidence for significant changes in the fish
assemblages of Osanippa, Halawakee, Wacoochee and Little Uchee creeks. At most sites
examined, complete shifts in the composition and abundances of fishes has occurred.
Additionally, with the exception of bluefin stoneroller, all species of conservation concern
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showed a distributional decline, similar to other species within these watersheds. In particular,
once widespread and abundant cyprinids have been replaced with cosmopolitan species such as
the blackbanded darter, redbreast sunfish, and blacktail shiner.
For two species endemic to the Apalachicola system (shoal bass and bluestripe shiner),
evidence of interbreeding was evident. Hybridization in both centrarchids and Cyprinella spp.
has been well documented and is often attributed to habitat degradation or invasion of a nonindigenous congener (Helfman 2007). Both of these conditions were evident in these
watersheds, and can be exacerbated as native species become rare. Spotted bass was introduced
into this drainage prior to 1941 (Williams and Burgess 1999). Our data suggested that blacktail
shiners are becoming more abundant in all four of these streams.
Reasons for species loss and assemblage change are difficult to define, in part because
multiple causes are usually responsible. Changes in land-use are often cited as catalysts of
alteration of stream channel morphology, changes in sediment load and the cascading biotic
consequences of these factors (Helfman 2007). Our brief examination of land use change over
just a 35 year period showed an increase in pine monoculture in Halawakee and Wacoochee
creeks. Although the accelertated water run off attributed to pine monoculture systems is well
known, the multiple effects of shifting from hardwood forest cover to pine monculture are not
often mentioned (Swank and Miner 1968). Increased water run off may lead to channel incision,
which in turn lowers the water table in the surrounding riparian zone. However, pine
monoculture systems also reduce the amount of water available to streams over time by reducing
water holding capacity of the soil, and increasing evapotranspiration (Swank and Miner 1968;
Bens et al. 2007). Although we did not detect a change in pine monoculture within the Little
Uchee Creek water shed, we found a significant and substantial decline in downstream flow since
1949 at lower Uchee Creek. Since 1949, the human population has increased nearly 70% within
these four watersheds and surface and ground water withdrawal undoubtedly has increased and
likely has also accounted for the long-term decline in water flow in Uchee Creek.
Lower water levels and flows will obviously be detrimental to most fish species, and in
combination with other factors, may favor one group of fishes over another. If this long-term
decline in water flow at Uchee Creek was indicative of conditions in the other three streams we
1-7

sampled, this could account for the lost of species and changes in fish assemblages that have
occurred over time in these four watershed.
Protection and restoration of stream habitat should stabilize the declines in native fish
distributions that were demonstrated in this study. Although it is not possible to prevent changes
in land use, measures can be taken to reduce the impact of these practices on watersheds.
Regulation of water withdrawal may help reduce the impact of stream level reduction. Working
with land owners to implement riparian corridor establishment would lessen the impact of rapid
water run off and reduce sediment inputs. Such measures will lessen the homongenization of the
aquatic fauna that is occurring at a rapid pace in these watersheds.
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Tables 1-1 - Fish collected from Halawakee Creek. Fish in bold represent species of concern which are a conservation priority. Locality information by site
number is found in the Appendix. * = released.

Site
Halawakee Creek
Lepisosteus oculatus
Dorosoma cepedianum
Campostoma pauciradii
Cyprinella venusta
Hybopsis sp.
Luxilus zonistius
Nocomis leptocephalus
Notropis baileyi
Notropis hypsilepis
Notropis texanus
Cyprinus carpio
Hypentelium etowanum
Minytrema melanops
Moxostoma lachneri
Ameiurus brunneus
Noturus leptacanthus
Fundulus olivaceus
Gambusia affinis
Labidesthes sicculus
Lepomis auritus
Lepomis cyanellus
Lepomis macrochirus

2

3

4

5

6

7

88/06'

99/06'

10

11

12

13

4
4

5
10
3

2
6
1

1
1

1
5

1414/06 14B

1
1*
1
11
5

1

6
1
1

1
7

3
5
1

5

7
3

7

1
1
2

2

1

11

5
1
14
2

2
2
1

1

2

3

2
2

1

1
1

2

4

1

2
2
1

3

1
1*

2
6

1

2
2
2
7
1

3

1
1
1

1
1

2
6
3

1

1*
5
1

1
5

1
1

1
2

2

1
2

1*

3
3

1
1*
2

1
1*

1

1
3

111*

4
2

2
2

2

9 14

4

1
1

1

1

1-10

16

7

8

11

4

6

1

9

5

15

1
2

6

6

6

1

1

8

3
7
2

Table 1-1 continued.

Site
Lepomis megalotis
Lepomis microlophus
Lepomis miniatus
Micropterus punctulatus
Micropterus salmoides
Pomoxis nigromaculatus
Perca flavescens
Etheostoma swaini
Percina nigrofasciata
Species richness

1

2

3

4

5

6

7

88/06'

99/06'

6

10

11

1

1

12

13

1414/06 14B

1
3

1

1

1
4

2

1

1

1

1

12

1*
2
1

6

2

12
10

2
23
12

10
5

15
10

9
7

1-11

2
15

23
10

11

7
12

6
11

10
8

2
10

7
11

1
10

29 1
11 10

Table 1-2. Fish collected from Little Uchee Creek. Fish in bold represent species of concern which are a
conservation priority. Locality information by site number is found in the Appendix. * = released.

Site
Little Uchee Creek

11/06'

2

3

4

5

6

7

8

9

1010/06'

11

Species List
Lepisosteus oculatus
Amia calva
Anguilla rostrata
Campostoma
pauciradii
Cyprinella venusta

1212/06'

1*
1*
1
9
6

Ericymba buccata
3
Hybopsis sp.
Lythurus atrapiculus
Notropis texanus
Semotilus thoreauianus
Hypentelium etowanum
Moxostoma lachneri
1
Moxostoma sp.
Ameiurus brunneus
1
Gambusia affinis
Lepomis auritus
6
Lepomis cyanellus
Lepomis gulosus
Lepomis macrochirus
11
Lepomis megalotis
Micropterus
cataractae
Micropterus punctulatus
Micropterus salmoides
Pomoxis nigromaculatus
Percina nigrofasciata
20
species richness
8

5
6 14
1 19 31
1
1
1
3
3

1
45

2
1
3
1

1
15 12
1

9

22

7

7
2

3
1
1
3

7

5

6
2

3

2

1

1

1
6
4

1
2

4
1

1

12

9

1
20

1

3

3
2

1

5
1
1
1

1

2

1

2

2

4
2

2

3

3

5

1

2
1

4
5

10

1

2
2

1

3

1

1

1
5
4
7
1

4

3
1

1

4
4

4
1

1
1
1

1

1
30 47
9
12 11 13

34

13*
3

1
2

3
41 33

1

4

1

1
12

2
1

2

25
6

1-12

6
9

15 22
7
7

4
12

5
7

6
7

2

1

22
11

4
15

1
7
11

15
9

Table 1-3. Fish collected from W acoochee Creek. Fish in bold represent species of concern which are a conservation priority. Locality information by site
number is found in the Appendix.
Site
Wacoochee Creek

1

2

3

4

5

6

7

Campostoma pauciradii

2

3

2

1

1

Cyprinella venusta

5

6

8

9

10

11

1212/06'

13

1414/06'

15

16

*released

Species List
Lepisosteus osseus

1*

Cyprinella callittaenia X C. venusta

1
1

Ericymba buccata

21

1

5

12

7

1

2

9
4

4

Lythurus atrapiculus

25

1

2

3

6

3

4

1

3

18

3

1

3

1

7

5

4

8

Luxilus zonistius
Nocomis leptocephalus

25

2

1

2

Hybopsis sp.

2

3

2

1

3

4

1

1

1

Notropis ammophilus

1
1

Notropis hypsilepis

2

Notropis longirosris

3

Notropis texanus

2

Semotilus thoreauianus

1

1

3

Moxostoma lachneri

1

5

7

2

1

Ameiurus brunneus

2

Ameiurus natalis

2

7

4

4

Noturus leptacanthus

12

3

2

4

2

2

3

1

3

6

1

2

8

5

5

2

Labidesthes sicculus

2
2

Lepomis cyanellus
Lepomis macrochirus

5

2

Fundulus olivaceus
Lepomis auritus

4

7

1

2

1

2
1

2

5

1

2

4

2

4

5

4

1

2

2

1

2

9

3

1

Lepomis megalotis

1
2

12

1

1-13

4
1

Table 1-3 continued
Site
Lepomis microlophusXcyanellus
Micropterus punctulatus
Micropterus salmoides
Percina nigrofasciata
species richness

1

2

3

4

1

6

6

19
9

6
5

5

6

7

8

1

4

1

3

20
6

15
7

16
9

1-14

17
6

9

10

11

1212/06'

13

1414/06'

1
14
4

18
7

29
7

13
10

43
9

7

2
1
13

15

16

1

1

1

9
7

12

12
14

Table 1-4. Fish collected from Osanippa Creek. Fish in bold represent species of concern which are a
conservation priority. Locality information by site number is found in the Appendix.
Site
Osanippa Creek
*released
Species List
Ichthyomyzon gagei
Campostoma pauciradii
Cyprinella venusta
Luxilus zonistius
Hybopsis sp.
Lythurus atrapiculus
Notemigonus crysoleucas
Notropis baileyi
Notropis hypsilepis
Notropis texanus
Hypentelium etowanum

1

2

2
9

3

4

6

78

1

1
1
5

1

2

1

3
3
6
1
7
2
2

1

2
Minytrema melanops
Moxostoma sp.
Ameiurus brunneus
Ictalurus punctatus
Noturus leptacanthus
Esox americanus
Esox niger
Labidesthes sicculus
Gambusia affinis
Lepomis auritus
Lepomis cyanellus
Lepomis gulosus
Lepomis macrochirus
Lepomis megalotis
Lepomis miniatus
Micropterus cataractae
Micropterus cataractae X M. punctulatus
Micropterus punctulatus
Micropterus salmoides
Pomoxis nigromaculatus
Percina nigrofasciata

5

2
1
1
4

1
1
1
1

1
1
1
3
6
1
10
2
4

1

2

11

3

8
1

5

3
1

5

2

1
2

1

3
1*
2*

5
2
3

1

1

1
1

1-15

3

12

1
2

1

Table 1-5. Comparison of current fish assemblages with historical collections in Little Uchee Site 2. Species in bold represent species of conservation
concern.
1970s
Species
Lythrurus atrapiculus
Cam postom a pauciradii
Lepomis auritus
Notropis buccatus
Hypentelium etowanum
Semotilus thoreauianus
Hybopsis sp.
Percina nigrofasciata
Moxostoma lachneri
Cyprinella venusta
Lepomis macrochirus
Notropis hypsilepis

Total

12

#
63
32
26
19
15
14
10
10
7
4
4
2

206

%
31
16
13
9
7
6
5
5
3
2
2
1

1995
Species
Percina nigrofasciata
Cyprinella venusta
Hypentelium etowanum
Cam postom a pauciradii
Lepomis auritus
Hybopsis sp.
Ameiurus brunneus
Lepomis macrochirus
Ericymba buccata
Moxostoma lachneri
Lepomis cyanellus
Micropterus salmoides
Pomoxis nigromaculatus

#
39
13
10
9
9
8
2
2
2
2
1
1
1

Total

99

13

1-16

%
40
13
10
9
9
8
2
2
2
2
1
1
1

2005/06
Species
Percina nigrofasciata
Cyprinella venusta
Ameiurus brunneus
Cam postom a pauciradii
Lepomis auritus
Semotilus thoreauianus
Lepomis cyanellus
Lepomis macrochirus
Notropis texanus
Hypentelium etowanum
Micropterus punctulatus

#
47
19
7
6
6
3
2
2
1
1
1

Total

95

11

%
50
20
7
6
6
2
2
2
1
1
1

Table 1-6. Comparison of current fish assemblages with historical collections in Little Uchee Site 1.Species in bold represent species of conservation
concern.
1970s
Species
Percina nigrofasciata
Cam postom a pauciradii
Ericymba buccata
Cyprinella venusta
Lepomis macrochirus
Lythrurus atrapiculus
Micropterus salmoides
Lepomis auritus
Hybopsis sp.
Notropis hypsilepis
Hypentelium etowanum
Gambusia affinis

Total

12

#
32
18
18
13
12
10
10
6
2
1
1
1

124

%
25
14
14
10
10
8
8
4
2
0.008
0.008
0.008

1995
Species
Percina nigrofasciata
Cyprinella venusta
Cam postom a pauciradii
Lepomis macrochirus
Lepomis auritus
Hybopsis sp.
Lepomis cyanellus
Hypentelium etowanum
Ericymba buccata
Lepomis gulosus
Noturus leptacanthus
Semotilus thoreauianus
Moxostoma lachneri
Minytrema melanops
Erimyzon oblongus
Carassius auratus
Total

16

1-17

#
75
35
16
14
11
10
9
7
7
6
6
2
2
2
1
1
204

%
37
17
8
7
5
5
4
3
3
3
3
1
1
1
0.01
0.01

2005/06
Species
Percina nigrofasciata
Lepomis macrochirus
Cam postom a pauciradii
Cyprinella venusta
Lepomis auritus
Lepomis cyanellus
Ericymba buccata
Moxostoma lachneri
Ameiurus brunneus

#
20
11
9
6
4
3
3
1
1

Total

58

9

%
34
19
15
10
0.07
0.05
0.05
0.01
0.01

Table 1-7. Comparison of current fish assemblages with historical collections in Halawakee Creek site 8. Species in bold represent species of conservation
concern.
1970s

Species
Hybopsis sp.
Cyprinella venusta
Notropis baileyi
Lepomis auritus
Percina nigrofasciata
Notropis texanus
Ameiurus brunneus
Lepomis macrochirus
Luxilus zonistius
Notropis hypsilepis
Ericymba buccata
Moxostom a sp.
Noturus leptacanthus
Lepomis cyanellus
Nocomis leptocephalus
Hypentelium etowanum
Notropis longirostris
Perca flavescens
Micropterus punctulatus
Lepomis gulosus
Minytrema melanops
Micropterus salmoides
Cyprinella callitaenia
Micropterus cataractae
Dorosoma cepedianum
Notemigonus crysoleucas
Erimyzon oblongus
Hypentelium etowanum
Ameiurus natalis

1995

#

%

112
40
36
32
20
26
24
22
17
18
11
5
4
4
3
3
3
3
3
3
2
2
1
1
1
1
1

27
9
8
7
6
6
6
6
4
4
3
1
0.05
0.05
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02

1

0.02

1

0.02

Species
Notropis baileyi
Lepomis auritus
Percina nigrofasciata
Lepomis macrochirus
Ericymba buccata
Noturus leptacanthus
Luxilus zonistius
Notropis longirostris
Lepomis cyanellus
Ameiurus brunneus
Fundulus olivaceus
Hybopsis sp.
Nocomis leptocephalus
Notropis texanus
Lepomis gulosus
Perca flavescens

1-18

2005/06

#

%

71
35
15
14
13
8
7
5
4
3
3
2
2
1
1
1

38
19
8
7
7
4
4
3
2
2
2
1
1
0.05
0.05
0.05

Species
Percina nigrofasciata
Lepomis auritus
Lepomis macrochirus
Cam postom a pauciradii
Moxostoma lachneri
Cyprinella venusta
Micropterus punctulatus
Cyprinus carpio
Fundulus olivaceus
Notropis baileyi
Hypentelium etowanum
Pomoxis nigromaculatus
Lepomis microlophus
Lepisosteus oculatus
Dorosoma cepedianum

#

%

18
16
11
7
6
5
2
2
2
1
1
1
1
1
1

24
21
15
9
8
6
3
3
3
1
1
1
1
1
1

Fundulus olivaceus
Lepomis microlophus
Etheostoma swaini
Total

1
1
1
32

412

0.02
0.02
0.02
Total

16

1-19

185

Total

15

75

Table 1-8. Comparison of current fish assemblages with historical collections in W acoochee Site 12. Species in bold represent species of conservation concern.

1970s
Species
Semotilus thoreauianus
Percina nigrofasciata
Cam postom a pauciradii
Lepomis cyanellus
Hybopsis sp.
Lythrurus atrapiculus
Luxilus zonistius
Notropis hypsilepis
Lepomis macrochirus
Lepomis auritus

#
175
57
25
5
5
3
2
2
1
1

Total

276

10

%
63
20
9
2
2
1
1
1
0.05
0.05

1995
Species
Hybopsis sp.
Cyprinella venusta
Lepomis auritus
Moxostoma lachneri
Percina nigrofasciata
Lepomis macrochirus
Nocomis leptocephalus
Cam postom a pauciradii
Lepomis cyanellus
Lythrurus atrapiculus
Luxilus zonistius
Ameiurus brunneus
Total

12

1-20

#
56
32
23
14
13
9
8
8
5
3
3
1
175

%
32
18
13
8
8
5
5
5
2
2
2
0.05

2005/06
Species
Percina nigrofasciata
Cyprinella venusta
Lythrurus atrapiculus
Lepomis auritus
Lepomis cyanellus
Moxostoma lachneri
Ameiurus brunneus
Hybopsis sp.
Labidesthes sicculus
Cam postom a pauciradii
Lepomis macrochirus
Micropterus punctulatus
Total

12

#
53
50
8
6
5
4
4
3
2
2
1
1
139

%
38
36
6
5
5
3
3
2
2
2
1
1

Table 1-9. Comparison of current fish assemblages with historical collections in W acoochee Site 2. Species in bold represent species of conservation concern.

1970s
Species
Semotilus thoreauianus
Notropis longirostris
Fundulus olivaceus
Cyprinella lutrensis
Lepomis macrochirus
Ameiurus brunneus
Lythrurus atrapiculus
Hybopsis sp.
Percina nigrofasciata
Luxilus zonistius
Noturus leptacanthus
Cam postom a pauciradii
Notropis hypsilepis
Cyprinella venusta
Lepomis cyanellus
Lepomis auritus
Notropis texanus
Ericymba buccata
Gambusia affinis
Dorosoma cepedianum
Total

20

#
39
20
15
15
14
12
10
9
9
9
7
7
7
4
4
4
3
3
3
3
197

%
20
10
7
7
7
6
6
4
4
4
3
3
3
2
2
2
1
1
1
1

1995
Species
Notropis longirostris
Luxilus zonistius
Ericymba buccata
Hybopsis sp.
Lepomis auritus
Lepomis cyanellus
Percina nigrofasciata
Lepomis macrochirus
Moxostoma lachneri
Lythrurus atrapiculus
Cam postom a pauciradii
Nocomis leptocephalus
Minytrema melanops
Cyprinella venusta
Semotilus thoreauianus
Lepomis gulosus

Total

16

1-21

#
48
47
42
16
16
15
13
13
9
8
8
5
2
1
1
1

245

%
19
19
18
6
6
6
5
5
4
3
3
2
0.08
0.04
0.04
0.04

2005/06
Species
Lepomis auritus
Lepomis cyanellus
Hybopsis sp.
Semotilus thoreauianus
Notropis longirostris

Total

5

#
7
2
2
1
1

13

%
54
15
15
7
7

Table 1-10. Comparison of current fish assemblages with historical collections in W acoochee Site 13. Species in bold represent species of conservation
concern.
1970s
Species
Cyprinella venusta
Hybopsis sp.
Ameiurus brunneus
Percina nigrofasciata
Cam postom a pauciradii
Lepomis auritus
Notropis texanus
Ericymba buccata
Luxilus zonistius
Notropis hypsilepis
Lepomis cyanellus
Dorosoma cepedianum
Semotilus thoreauianus
Noturus leptacanthus
Cyprinella lutrensis
Fundulus olivaceus

Total

16

#
31
31
24
16
16
12
8
7
5
3
3
3
3
1
1
1

149

%
21
21
16
11
11
8
5
5
3
2
2
2
2
1
1
1

1995
Species
Notropis longirostris
Lepomis auritus
Ericymba buccata
Moxostoma lachneri
Hybopsis sp.
Cyprinella venusta
Noturus leptacanthus
Ameiurus brunneus
Percina nigrofasciata
Lepomis cyanellus
Cam postom a pauciradii
Luxilus zonistius
Lepomis macrochirus
Notropis texanus
Lythrurus atrapiculus
Micropterus punctulatus
Perca flavescens

Total

17

1-22

#
43
30
27
12
10
10
9
8
7
4
3
3
3
2
1
1
1

174

%
24
17
15
6
6
6
5
4
4
2
2
2
2
1
1
1
1

2005/06
Species
Lepomis auritus
Notropis longirostris
Cyprinella venusta
Notropis texanus
Lepomis cyanellus
Lepomis macrochirus
Nocomis leptocephalus

Total

7

#
4
3
3
2
2
2
1

17

%
23
17
17
11
11
11
5

Table 1-11. Comparison of current fish assemblages with historical collections in W acoochee Site 16. Species in bold represent species of conservation
concern.
1970s
Species
Cyprinella venusta
Lepomis auritus
Luxilus zonistius
Notropis hypsilepis
Percina nigrofasciata
Ericymba buccata
Notropis longirostris
Lepomis macrochirus
Lepomis cyanellus
Moxostoma lachneri
Notropis texanus
Lythrurus atrapiculus
Hybopsis sp.
Fundulus olivaceus
Nocomis leptocephalus
Micropterus cataractae
Cam postom a pauciradii
Ictalurus punctatus
Ameiurus brunneus
Minytrema melanops
Dorosoma cepedianum
Semotilus thoreauianus
Gambusia affinis

#
178
71
45
33
17
8
8
8
8
7
7
6
5
5
2
2
2
1
1
1
1
1
1

Total

412

23

%
43
17
11
8
4
2
2
2
2
2
2
1
1
1
0.05
0.05
0.05
0.02
0.02
0.02
0.02
0.02
0.02

1990s
Species
Lepomis auritus
Hybopsis sp.
Percina nigrofasciata
Cyprinella venusta
Moxostoma lachneri
Notropis texanus
Ericymba buccata
Lepomis macrochirus
Ameiurus brunneus
Cyprinella callitaenia
Nocomis leptocephalus
Fundulus olivaceus
Noturus leptacanthus
Lepomis cyanellus
Micropterus punctulatus

Total

15

1-23

#
23
14
12
10
9
8
7
5
4
3
1
1
1
1
1

100

%
23
14
12
10
9
8
7
5
4
3
1
1
1
1
1

2005
Species
Cyprinella venusta
Lepomis auritus
Ameiurus brunneus
Cam postom a pauciradii
Percina nigrofasciata
Hybopsis sp.
Notropis texanus
Ericymba buccata
Lepomis macrochirus
Fundulus olivaceus
Opsopoeodus emiliae
Labidesthes sicculus
Lepisosteus osseus
Lepomis cyanellus
Noturus leptacanthus
Lepomis megalotis
Micropterus punctulatus

#
21
15
10
7
7
6
5
4
3
2
2
2
1
1
1
1
1

Total

89

17

%
23
17
11
8
8
7
7
4
4
2
2
2
1
1
1
1
1

Table 1-12. Comparison of current fish assemblages with historical collections in Halawakee
1970s
1995
Species
#
%
Species
Cyprinella venusta
102
15 Percina nigrofasciata
Labidesthes sicculus
101
15 Lepomis auritus
Hybopsis sp.
84
13 Notropis texanus
Notropis baileyi
43
6 Hybopsis sp.
Percina nigrofasciata
42
6 Ameiurus brunneus
Notropis texanus
39
6 Minytrema melanops
Lepomis auritus
27
5 Cam postom a pauciradii
Lepomis macrochirus
27
5 Hypentelium etowanum
Fundulus olivaceus
19
3 Lepomis macrochirus
Cam postom a pauciradii
18
3 Notropis baileyi
Luxilus zonistius
18
3 Cyprinella venusta
Ameiurus brunneus
17
3 Micropterus coosae
Notropis hypsilepis
15
2 Micropterus salmoides
Ericymba buccata
16
2
Cyprinella callitaenia
11
2
Lepomis megalotis
11
2
Cyprinella lutrensis
9
1
Lepomis cyanellus
9
1
Moxostoma lachneri
8
1
Dorosoma cepedianum
7
1
Lepomis gulosus
6
1
Moxostom a sp.
5
0.05
Micropterus punctulatus
4
0.05
Noturus leptacanthus
3
0.05
Nocomis leptocephalus
2
0.05
Notropis longirostris
3
0.05
Perca flavescens
3
0.05
Micropterus salmoides
2
0.05
Etheostoma swaini
2
0.05
Micropterus cataractae
1
0.01
Erimyzon oblongus
1
0.01
Lepomis microlophus
1
0.01
Ameiurus natalis
1
0.01

1-24

Site 14. Species in bold represent species of conservation concern.
2005/06
#
%
Species
#
%
22
24 Percina nigrofasciata
30
31
11
12 Ameiurus brunneus
12
13
11
12 Micropterus punctulatus
12
13
9
9 Cyprinella venusta
11
13
8
9 Lepomis macrochirus
9
9
7
9 Lepomis auritus
8
9
6
6 Hybopsis sp.
3
3
5
6 Hypentelium etowanum
2
3
4
6 Moxostoma lachneri
2
3
4
6 Fundulus olivaceus
2
3
4
6 Perca flavescens
1
1
1
1 Cam postom a pauciradii
1
1
1
1 Cyprinus carpio
1
1
Labidesthes sicculus
1
1

Ameiurus catus
Lepomis auritus x L. cyanellus
Notemigonus crysoleucas
Total

35

1
1
1
660

0.01
0.01
0.01
Total

13

1-25

93

Total

14

95

Table 1-13. Jaccard similarity indices between historic samples and 2005 samples for
Chattahoochee River Tributaries in Alabama. Number in bold indicates assemblage with
moderately high similarity.
______________________________________________________________________
Site
1970-1990
1990-2005
1970-2005
Little Uchee 2
0.4375
0.4706
0.3750
Little Uchee 1
0.4000
0.4706
0.4000
Halawakee 8
0.4834
0.2000
0.2778
Halawakee 14
0.2368
0.3888
0.2973
0.7143
W acoochee 12
0.5714
0.4667
W acoochee 2
0.5000
0.3125
0.0250
W acoochee 13
0.5000
0.3333
0.2105
W acoochee 16
0.4615
0.6000
0.3793
___________________________________________________________________________________

1-26

Table 1-14. Values for fish assemblage stability r (Spearman rank correlation), and persistence,
P (see methods for equation) for sites in Little Uchee (LU), Halawakee (HAL) and Wacoochee
(WA) creeks for three time periods. Site numbers are listed in the appendix. Values of 0 for P
indicate no species turnover; values of 1 would indicate complete turnover. Values of 0.4 and
above are in bold.
______________________________________________________________________________
Time period
1970-95
Site

LU2
LU1
HAL8
HAL14
WA12
WA2
WA13
WA16

r

.14
.50
-.27
-.29
-.40
-.38
.05
.03

1995-05/06
P

.35
.43
.27
.23
.27
.44
.24
.42

1970-05/06

r

P

r

P

.54*
.61*
-.41
.12
.33
-.12
-.09
.63*

.33
.40
.45
.41
.17
.38
.48
.16

-.36
.45
-.23
-.19
-.25
.03
-.41
-.06

.28
.38
.43
.47
.36
.60
.70
.40

______________________________________________________________________________
* significant at <.05
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Figure 1. Sites sampled for fishes in the four study streams. Site numbers correspond to locality
information in Appendix.
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Figure 1-2. Distribution of historical and current collections of shoal bass in the four study
streams.
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Figure 1-3. Land cover in the four study watersheds.
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Figure 1-4. Temporal changes in land use type in the Halawakee Creek watershed.
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Figure 1-5. Temporal changes in land use type in the Wacoochee Creek watershed..
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Figure 1-6. Temporal changes in land use type in the Little Uchee Creek watershed.
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Figure 1-7. Times-series trends in water flow between 1949 and 2006 at Uchee Creek (USGS
site number 02342500 near Fort Mitchell, Alabama) for months including January to December
and for month including May to October .
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Appendix
Sam pling locations
Site: LU1 2005
Little Uchee Creek
2 mi. NW of Meadows Mill, CR 144
Chattahoochee River Dr.
Lee Co., AL
32.5494N -85.2786
8/4/2005
C.P. Cleveland, N.R. Ozburn, D.E. Holt
Site: LU1 2006
Little Uchee Creek
2 mi. NW of Meadows Mill, CR 144
Chattahoochee River Dr.
Lee Co., AL
32.5494N -85.2786
8/1/2006
R.A. Kennon, A.R. Henderson, N.R. Ozburn
Site: LU2
Little Uchee Creek
Meadows Mill, CR 175
Chattahoochee River Dr
Lee Co., AL
32.5282N -85.2786
5/22/2006
R.A. Kennon, A.R. Henderson, N.R. Ozburn
Site: LU3
Little Uchee Creek
2 river m iles down from CR 175(Meadows Mill),
Chattahoochee River Dr.
Lee Co., AL
32.5300N -85.2446
6/5/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, N.R. Ozburn, D.E. Holt, L.R. Casten
Site: LU4
Little Uchee Creek
2.5 river m iles down from CR 175(Meadows m ill)
Chattahoochee River Dr.
Lee Co., AL
32.5316N -85.24059
5/23/2006
R.A. Kennon,N.R. Ozburn, A.R. Henderson, L.R. Casten
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Site: LU5
Little Uchee Creek
4 river m iles down from CR 175(Meadows Mill)
Chattahoochee River Dr.
Lee Co., AL
32.5393N -85.2125
6/5/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, N.R. Ozburn, D.E. Holt, L.R. Casten
Site: LU6
Little Uchee Creek
5 river m iles down from CR 175(Meadows Mill)
Chattahoochee River Dr.
Lee Co., AL
32.5383N -85.2089
5/23/2006/
R.A. Kennon,N.R. Ozburn, A.R. Henderson, L.R. Casten
Site: LU7
Little Uchee Creek
5.5 river m iles down from CR 175(Meadows Mill)
Chattahoochee River Dr.
Lee Co., AL
32.5385N -85.2123
5/23/2006
R.A. Kennon,N.R. Ozburn, A.R. Henderson, L.R. Casten
Site: LU8
Little Uchee Creek
3.5 river m iles N of CR 240(Moffits Mill)
Chattahoochee River Dr.
Lee Co., AL
32.5374N -85.2032
6/30/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, N.R. Ozburn, D.E. Holt, L.R. Casten
Site: LU9
Little Uchee Creek
2 m iles N of CR 240(Moffitts Mill)
Chattahoochee River Dr.
Lee Co., AL
32.5287N -85.1938
6/30/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, N.R. Ozburn, D.E. Holt, L.R. Casten
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Site: LU10 2005
Little Uchee Creek
Moffits Mill 300 yds down from CR240
Chattahoochee River Dr.
Lee Co., AL
32.5069N -85.1800
7/29/2005
R.A. Kennon, A.R. Henderson
Site: LU10 2006
Little Uchee Creek
Moffits Mill 300 yds down from CR240
Chattahoochee River Dr.
Lee Co., AL
32.5287N -85.1800
7/23/2006
R.A. Kennon, D.E. Holt, N.R. Ozburn
Site: LU11
Little Uchee Creek
Moffitts Mill at CR 240
Chattahoochee River Dr.
Lee Co., AL
32.5061N -85.1794
6/5/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, N.R. Ozburn, D.E. Holt, L.R. Casten
Site: LU12 2005
Little Uchee Creek
1.5 river m i down from CR 240(Moffitts Mill)
Chattahoochee River Dr.
Lee Co., AL
32.5017N -85.1783
8/11/2005
C.P.Cleveland, R.A. Kennon, D.E. Holt, N.R. Ozburn
Site: LU12 2006
Little Uchee Creek
1.5 river m i down from CR 240(Moffitts Mill)
Chattahoochee River Dr.
Lee Co., AL
32.5017N -85.1783
7/23/2006
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Site: WA1
W acoochee Creek
2 miles N of Salem , CR 183
Chattahoochee River Dr.
Lee Co., AL
32.6266N -85.2483
8/4/2005
C.P. Cleveland, D.E. Holt, N.R. Ozburn
Site: WA2
W acoochee Creek
2 miles NE of Salem , CR252
Chattahoochee River Dr.
Lee Co., AL
32.61N -85.21
8/4/2005
C.P. Cleveland, D.E. Holt, N.R. Ozburn
Site: WA3
W acoochee Creek
2.5 m iles N of Bleeker,
0.75 m iles upstream of CR 279, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.6181N -85.1646
7/7/2006
N.R. Ozburn, A.R. Henderson, R.A. Kennon
Site: WA4
W acoochee Creek
2.5 m iles N of Bleeker
0.7 m iles upstream of CR 279, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.6182N -85.1639
7/7/2006
N.R. Ozburn, A.R. Henderson, R.A. Kennon
Site: WA5
W acoochee Creek
2.5 m iles N of Bleeker
< 1 m ile upstream of CR 279, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.6200N -85.1623
7/10/2006
N.R. Ozburn, A.R. Henderson, R.A. Kennon
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Site: WA6
W acoochee Creek
2.5 m iles N of Bleeker
< 1 m ile upstream of CR 279, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.6196N -85.1617
7/10/2006
N.R. Ozburn, A.R. Henderson, R.A. Kennon
Site: WA7
W acoochee Creek
2.5 m iles N of Bleeker
< 1 m ile upstream of CR 279, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.6183N -85.1598
7/7/2006
N.R. Ozburn, A.R. Henderson, R.A. Kennon
Site: WA8
W acoochee Creek
2.5 m iles N of Bleeker
< 1 m ile upstream of CR 279, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.6182N -85.159
7/10/2006
N.R. Ozburn, A.R. Henderson, R.A. Kennon
Site: WA9
W acoochee Creek
2.5 m iles N of Bleeker
< 1 m ile upstream of CR 279, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.6183N -85.1537
7/10/2006
N.R. Ozburn, A.R. Henderson, R.A. Kennon
Site: WA10
W acoochee Creek
2.5 m iles N of Bleeker
< 1 m ile upstream of CR 279, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.6180N -85.156
7/10/2006
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Site: WA11
W acoochee Creek
2.5 m iles N of Bleeker
< 1 m ile upstream of CR 279, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.6177N -85.1549
7/10/2006
N.R. Ozburn, A.R. Henderson, R.A. Kennon
Site: WA12 2005
W acoochee Creek
3 miles N of Bleeker, CR 279
Chattahoochee River Dr.
Lee Co., AL
32.6162N -85.1506
8/4/2005
C.P. Cleveland, D.E. Holt, N.R. Ozburn
Site: WA12 2006
W acoochee Creek
3 miles N of Bleeker, CR 279
Chattahoochee River Dr.
Lee Co., AL
32.6162N -85.1506
8/2/2006
R.A. Kennon, A.R. Henderson, N.R. Ozburn
Site: WA13
W acoochee Creek
4 miles N of Bleeker, CR 379
Chattahoochee River Dr.
Lee Co., AL
32.6225N -85.1325
8/4/2005
C.P. Cleveland, D.E. Holt, N.R. Ozburn
Site: WA14 2005
W acoochee Creek
1.5 river m iles downstream from CR 379
Chattahoochee River Dr.
Lee Co., AL
32.6281N -85.1152
6/9/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, D.E. Holt, L.R. Casten, N.R. Ozburn
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Site: WA14 2006
W acoochee Creek
1.5 river m iles down from CR 379
Chattahoochee River Dr.
Lee Co., AL
32.6281N -85.1152
8/2/2006
R.A. Kennon, A.R. Henderson, N.R. Ozburn
Site: WA15
W acoochee Creek
2.5 river m iles down from CR 379
Chattahoochee River Dr.
Lee Co., AL
32.6278N -85.1097
6/9/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, D.E. Holt, L.R. Casten, N.R. Ozburn
Site: WA16
W acoochee Creek
3 river m iles downstream of CR 379
Chattahoochee River Dr.
Lee Co., AL
32.6289N -85.1078
6/9/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, D.E. Holt, L.R. Casten, N.R. Ozburn
Site: HA1
Halawakee Creek
8.7 mi. N of Opelika, at CR 174
Chattahoochee River Dr.
Lee Co., AL
32.7483N -85.3697
7/19/2005
L.R. Casten, N. R. Ozburn
Site: HA2
Halawakee Creek
5.8 mi. N of Opelika, CR 389 bridge
Chattahoochee River Dr.
Lee Co., AL
32.7344N -85.3428
7/18/2005
L.R. Casten, N. R. Ozburn
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Site: HA3
Halawakee Creek
2.3 mi NW of Bean Mill, CR 177 bridge
Chattahoochee River Dr.
Lee Co., AL
32.7156N -85.2947
7/18/2005
L.R. Casten, N. R. Ozburn
Site: HA4
Halawakee Creek
4 m i NE of Opelika, < 1 m ile upstream of HW Y 29, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.7067N -85.2719
7/27/2006
R.A. Kennon, N.R. Ozburn, L.R. Casten, M.C. Bolling
Site: HA5
Halawakee Creek
4 m i NE of Opelika, < 1 m ile upstream of HW Y 29, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.7063N -85.2717
7/27/2006
R.A. Kennon, N.R. Ozburn, L.R. Casten, M.C. Bolling
Site: HA6
Halawakee Creek
4 m i NE of Opelika, < 1 m ile upstream of HW Y 29, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.7056N -85.2714
7/27/2006
R.A. Kennon, N.R. Ozburn, L.R. Casten, M.C. Bolling
Site: HA7
Halawakee Creek
4 m i NE of Opelika, < 1 m ile upstream of HW Y 29, canoe sam ple
Chattahoochee River Dr.
Lee Co., AL
32.N -85.
7/27/2006
R.A. Kennon, N.R. Ozburn, L.R. Casten, M.C. Bolling
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Site: HA8 2005
Halawakee Creek
Bean's Mill, Hwy 29
Chattahoochee River Dr.
Lee Co., AL
32.6967N -85.2669
6/18/2005
L.R. Casten, N. R. Ozburn
Site: HA8 2006
Halawakee Creek
Bean's Mill, Hwy 29
Chattahoochee River Dr.
Lee Co., AL
32.6967N -85.2669
7/27/2006
R.A. Kennon, D.E. Holt, M.C. Bolling N. R. Ozburn
Site: HA9 2005
Halawakee Creek
7.8 mi. NE of Opelika, CR 390 bridge
Chattahoochee River Dr.
Lee Co., AL
32.6964N -85.2561
7/18/2005
L.R. Casten, N.R. Ozburn
Site: HA9 2006
Halawakee Creek
7.8 mi. NE of Opelika, CR 390 bridge
Chattahoochee River Dr.
Lee Co., AL
32.6964N -85.2561
7/27/2006
R.A. Kennon, D.E. Holt, M.C. Bolling N. R. Ozburn
Site: HA10
Halawakee Creek
2.5 river m iles down from CR 390
Chattahoochee River Dr.
Lee Co., AL
32.6916N -85.2427
6/17/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, D.E.Holt, L.R. Casten, N.R. Ozburn
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Site: HA11
Halawakee Creek
4 river m iles down from CR 390 bridge
Chattahoochee River Dr.
Lee Co., AL
32.6869N -85.2361
6/17/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, D.E.Holt, L.R. Casten, N.R. Ozburn
Site: HA12
Halawakee Creek
4.5 river m iles down from CR 390 Bridge
Chattahoochee River Dr.
Lee Co., AL
32.6922N -85.2297
6/17/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, D.E.Holt, L.R. Casten, N.R. Ozburn
Site: HA13
Halawakee Creek
500m N of CR 259
Chattahoochee River Dr.
Lee Co., AL
32.6882N -85.2063
6/13/2006
R.A.Kennon, L.R. Casten
Site: HA14A 2005
Halawakee Creek
Mouth of Halawakee Cr., CR 259
Chattahoochee River Dr.
Lee Co., AL
32.6864N -85.2044
5/17/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson
Site: HA14B 2005
Halawakee Creek
Mouth of Halawakee Cr., CR 259
Chattahoochee River Dr.
Lee Co., AL
32.6864N -85.2044
7/18/2005
L.R. Casten, N.R. Ozburn
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Site: HA14 2006
Halawakee Creek
Mouth of Halawakee Cr., CR 259
Chattahoochee River Dr.
Lee Co., AL
32.6864N -85.2044
7/25/2006
R.A. Kennon, D.E.Holt, N.R. Ozburn
Site: OS1
Snapper Creek
1.7 mi. SW of Liberty City, at Boyds Rd.
Chattahoochee River Dr.
Cham bers Co., AL
32.7838N -85.4238
7/26/2005
L.R. Casten, N.R. Ozburn, M.B. Marshall, D.G. Storm er
Site: OS2
Snapper Creek
2 mi. N of Danway, unlabeled road m ay be CR 172
Chattahoochee River Dr.
Cham bers Co., AL
32.7825N -85.3869
7/26/2005
L.R. Casten, N.R. Ozburn, M.B. Marshall, D.G. Storm er
Site: OS3
Snapper Creek
2.5 mi N of Cusseta, CR 83
Chattahoochee River Dr.
Cham bers Co., AL
32.8041N -85.3130
7/26/2005
L.R. Casten, N.R. Ozburn, M.B. Marshall, D.G. Storm er
Site: OS4
Osanippa Creek
2.9 mi NE of Cusseta, CR 299
Chattahoochee River Dr.
Cham bers Co., AL
32.7988N -85.2608
7/26/2005
L.R. Casten, N.R. Ozburn, M.B. Marshall, D.G. Storm er
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Site: OS5
Osanippa Creek
1 mi S of Fairfax, .5 mile downstream of Route 29
Chattahoochee River Dr.
Cham bers Co., AL
32.7802N -85.1928
5/25/2005
R.A. Kennon, C.P. Cleveland, A.R. Henderson, D.E.Holt, L.R. Casten, N.R. Ozburn
Site: OS6
Osanippa Creek
1.5 miles S of Fairfax, 1 m ile downstream of Route 29
Chattahoochee River Dr.
Cham bers Co., AL
32.7763N -85.1869
8/9/2005
R.A. Kennon, C.P.Cleveland, D.E. Holt, N.R. Ozburn
Site: OS7
Osanippa Creek
1.5 mi E of Blanton, Milner Bridge
Chattahoochee River Dr.
Cham bers Co., AL
32.7158N -85.1313
7/26/2005
L.R. Casten, N.R. Ozburn, M.B. Marshall, D.G. Storm er
Site: OS8
Osanippa Creek
1.5 m i downstream of CR 83, Slaughter property
Chattahoochee River Dr.
Cham bers Co., AL
32.80252N -85.2888
8/12/2005
A.R. Henderson, L.R. Casten, N.R. Ozburn
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Chapter 2 - Habitat Use of Larval, Juvenile, and Adult Shoal bass
in Little Uchee Creek

Introduction
The role of habitat alteration in the imperilment of freshwater fishes is well established
(Warren et al. 2000).

Recent work has focused on some of the indirect effects of habitat

alteration, such as lotic fragmentation and downstream effects of dams (Anderson et al. 2006),
geomorphic and watershed alteration effects (Sutherland et al. 2002; Eikaas, et al. 2005), and
homongenization (Scott and Helfman 2001; Raphel 2000 and 2002; Olden and Poff 2003).
Efforts are being made by many groups to undo the damage made to stream ecosystems by these
factors. Before habitats can be rehabilitated for the protection of native species, however, an
understanding of the habitat requirements of species in decline must be acquired.
The shoal bass Micropterus cataractae is a recently described and little studied
centrarchid endemic to the Apalachicola system in Alabama, Georgia and Florida. This riverine
species has been assigned a status of Special Concern by the American Fisheries Society
Endangered Species Committee (Williams et al. 1989) and is considered a species of High
Conservation Concern in Alabama (Mirarchi et al. 2004). The rationale for these listings is loss
of habitat and distributional decline (Williams and Burgess 1999; Johnston 2004). Loss of
habitat for the species includes obvious factors such as impoundment, especially of the
Chattahoochee River (Williams and Burgess 1999). Less obvious factors such as increased
sedimentation and altered land use and stream hydrology (Howard 1997; Walser and Bart 1999)
may also play a role in species decline. The introduction of spotted bass (Williams and Burgess
1999), which may both compete for resources and potentially hybridize with shoal bass,
especially as their numbers decline, may also be affecting the persistence of shoal bass in
Alabama.
Our objective was to investigate habitat use by shoal bass in a stream habitat in Alabama.
To assess potential ontogenetic habitat shifts, we analyzed the habitat use of larvae, juveniles,
and adults separately.

2-1

Methods
The study site for this project was Little Uchee Creek at Moffitt's Mill (Chattahoochee
drainage) in Lee County, Alabama. The site is a large (650 m long) shoal located along the fall
line. Adult and juvenile shoal bass were captured using a backpacker shocker and seine or by
angling March to September 2005 and 2006. Both shoal and adjacent pool mesohabitats were
sampled. Four specimens were retained as voucher specimens. Larval shoal bass were observed
May-July 2006 via snorkeling or from above the water with the aid of polarized sunglasses.
One larva per week was collected and preserved to document development and to aid in
identification. For the purpose of analysis, larval bass were considered < 50 mm total length
(TL), juvenile bass were < 150 mm TL, and adults were > 150 mm TL (Williams and Burgess
1999).
Habitat measurements were made at the point of capture of each individual shoal bass.
Water depth, velocity, substrate characterization (modified Wentworth scale following Ross et
al. 1990), and cover (percent and composition, estimated) were measured at each point. Each
month available habitat characteristics were assessed as above at three to five transects. Water
temperature was measured during each sampling trip. Data were compared using analysis of
variance and Tukey post-hoc tests (SPSS, ver. 11, Chicago, Illinois).

Results
Water level in the study stream differed significantly between the two study years.
Although water depth was not significantly different in April, by summer (June, July) water
level had dropped significantly in 2006 compared to 2005 (Table 2-1). Similarly, water velocity
differed significantly between the two years in the summer, but not in April. For both years,
adult shoal bass used habitat that was significantly different from available habitat (2005, N =
23, water depth F = 17.2, P < 0.001; water velocity F = 12.3, P < 0.001; 2006, N = 24, water
depth F = 7.6, P < 0.001; water velocity F = 24.1, P < 0.001), preferring deeper water with lower
velocity than what was generally available. The habitat used by adult shoal bass during April
did not differ between years, but these fish used areas with significantly lower water velocity in
summer 2006 relative to 2005. Water depth used by shoal bass in summer 2005 and 2006 was
not significantly different. Adult shoal bass had a high affinity for boulders as cover (89% of
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captures) and for bedrock substrate (90% of observations) in 2005 and April 2006. During
summer 2006, adult shoal bass moved into areas with deeper water and no flow as water level
dropped in the stream. These areas were rarely associated with boulders (only 12%), and the
substrate was gravel (43%) as often as bedrock (57%).
Small schools of larval shoal bass (3-12) were observed behind large boulders (>256
mm) in relatively deep water with no flow in late May and June 2006. Water temperature was
26 C0. Each boulder was the site of a previous capture of an adult shoal bass (April 2005 or
2006). The smallest recorded shoal bass was 10.8 mm TL (five observed of similar size behind
three boulders), collected on 1 June 2006. On 7 June a vouchered specimen was 13.8 mm TL
(N = 11 observed of similar size behind four boulders), and a larger specimen collected in the
area was 33.9 mm TL. On 16 June bass were about 20 mm TL (N = 17 observed near three
boulders); one collected specimen was 48.9 mm TL. Only three bass were observed behind one
boulder by 23 June (about 29 mm TL), and by 30 June no larval bass were observed. Larval
bass used relatively deep water (mean = 34.6, SD = 17.0) with no velocity (mean = 0), and this
was significantly different from what was available in the stream (N = 36, F = 7.6, P < 0.001,
depth; F = 24.1, P < 0.001, velocity; Figures 2-1 and 2-2).
Adult, juvenile, and larval bass used different habitat during summer 2006 (Figures 1 and
2) (F = 33.0, p < 0.00, depth; F = 14.6, P < 0.001, velocity). Adults used deeper water than
either juveniles or larvae, while juveniles used areas with greater water velocity than the other
two size groups (Tukey HSD). Juvenile shoal bass used habitat that differed from what was
generally available in the stream in June/July 2006 (N = 26, F = 15.1, P < 0.001, depth; F =
39.7, p < 0.00, velocity) (N = 26; mean = 23.0, SD = 14.0, depth; mean = 0.07, SD = 0.08,
velocity). In 2005, juvenile bass used habitat that was shallower with lower water velocity than
that used by adults (N = 37, F = 17.2, P < 0.001, depth; F = 12.3, P < 0.001, velocity).

Discussion
We found that adult, juvenile, and larval shoal bass used habitat that was significantly
different from what was generally available in the shoal mesohabitat. In summer 2006 the
habitat used by all three life stages differed from one another; larval shoal bass preferred deep
water with no velocity, juveniles were found in very shallow water with some flow, and adults
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were found in the deepest water available, which had no velocity. Although adults used similar
habitat during spring 2005 and 2006 when water levels were high, as water levels receded
significantly in 2006 fish moved to areas of deeper water with no velocity, while in 2005 fish
remained in areas near boulders with deep water and moderate water velocity.
In a previous study of shoal bass habitat use in Florida, Wheeler and Allen (2003) found
shoal bass in both shoal and pool mesohabitat, but they were more abundant in shoals. Shoal
mesohabitat was less common than pools in this study system, the Chipola River.
Ontogenetic shifts in habitat are common in fishes (Watkins et al. 1997, Dahlgren and
Eggleston 2000, Rosenberger and Angermeier 2003) and have been well documented for other
species of centrarchids (Werner and Hall 1988), including Micropterus (García-Berthou 2002,
Olson et al. 2003). In Little Uchee Creek, larval shoal bass swam up above presumptive nest
sites, stayed in these protected areas for several weeks, and then moved into very shallow water
at around 50 mm TL. Juveniles stay in these habitats until adulthood, when they move behind
boulders in relatively deep, fast flowing water. It is likely that juveniles choose habitat where
they avoid predation risk from adults, but they may also be choosing areas where their food
supply is more abundant or appropriate, reasons similar to other fishes (Dahlgren and Eggleston
2000). Since larvae in two size classes were found in June, we propose that shoal bass spawn in
May in this stream and that they have more than one spawning bout. Whether the same fish
spawn more than once is unknown.
Although seasonal movement of fishes is well known, movement of an individual species
due to low water conditions has been poorly documented. Most studies have investigated the
effects of high water discharge on fish habitat change (Pert and Erman 1994). The effect of
drought on fish assemblages has also been well documented (Matthews and Marsh-Matthews
2003). As water levels dropped in the summer of 2006, adult shoal bass moved to areas of
deeper water. Presumably water levels behind boulders where they were usually found was too
shallow to support them.
The results of this study suggest that shoal bass use shoal habitat, but since different life
stages use different habitat, heterogeneity of this mesohabitat is essential to persistence of this
species. At low water levels, adult shoal bass need adjacent pool habitat for refuge from the
harsh, low water conditions. These results emphasize the importance of habitat connectivity for
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conservation of this rare species.
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Table 2-1.Habitat parameters measured for available and selected habitat for adult shoal bass in Little Uchee Creek, 2005 and 2006.
ANOVA F statistics and corresponding p values presented for comparison of annual variation; * indicates significant differences.

.

Available Habitat

Water depth (cm)
mean

Habitat Used

Water velocity( m/sec)

SD

n

mean

SD

Water depth (cm) Water velocity (m/sec)

n

mean

SD

n

mean

SD

n

April
2005

46.9

29.5

45

0.25

0.24 45

54.7.

24.7

23

0.27

0.23

23

2006

33.1

10.7

45

0.27

0.21 45

55.3

13.3

24

0.15

0.21

24

F = 3.20, P = 0.07

F = 0.08, P = 0.8

F = 0.01, P = 0.9

F = 3.40, P = 0.07

June/July
2005

65.2

43.2 45

0.34

0.29

45

37.6

24.7

14

0.22

0.21 14

2006

20.6

9.3 40

0.09

0.07

45

34.4

18.9

18

0.03

0.01 18

* F = 29.9, P < 0.001 * F = 18.9, P < 0.001

F = 0.17, P =0.7
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* F = 12.1, P < 0.001

Figure 2-1. Percent occurrence of larval (< 50 mm TL), juvenile, and adult shoal bass relative to
percent water depth categories available in the shoal mesohabitat.
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Figure 2-2. Percent occurrence of larval (< 50 mm TL), juvenile, and adult shoal bass relative to
percent water velocity categories available in the shoal mesohabitat.
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Chapter 3 - Distribution, Abundance, Behavior, and Population
Characteristics of Shoal Bass in Four Tributaries of the
Chattahoochee River, Alabama
Introduction
Alabama contains a diverse aquatic fauna as more than a third of all North American
freshwater fishes reside in its waters (Lydeard and Mayden 1995). The faunal richness observed
in Alabama may be attributed to the 23,000 km of streams and rivers that traverse numerous
distinct physiographic regions, and several distinct drainages, eventually draining into the Gulf
of Mexico and Tennessee River.
The Chattahoochee River, which borders sections of Alabama and Georgia, is
particularly distinct from other Alabama rivers and the faunal community is unique and greatly
contributes to regional aquatic diversity. In Alabama, tributaries of the Chattahoochee River
drain regions both above and below the physiographic fall line. The number of unique species
includes fishes exclusive to upland and lowland habitats. While these systems are relatively
small and restricted to a limited portion of the state, many species are native only to the streams
in the Chattahoochee drainage (Lydeard and Mayden 1995).
Ten species native to the Chattahoochee River drainage in Alabama are currently
considered species of special concern in Alabama (Mirarchi et al. 2004). These species may be
vulnerable to reduced abundance or even extirpation as a result of limited or altered adequate
habitat while other species have limited range (Johnston and Farmer 2004). One of the rare and
potentially vulnerable species native to the Chattahoochee drainage of Alabama is the shoal bass
Micropterus cataractae. The shoal bass is the most recently described species of black bass, but
has been recognized as a distinct black bass species for many years (Williams and Burgess
1999). Shoal bass have often been confused with or historically referred to as a type of redeye
bass M. coosae. Morphologically, shoal bass most closely resemble spotted bass M. punctulatus
and these two species are known to occur in the same river drainages in Alabama, Georgia and
Florida (Williams and Burgess 1999). In the Apalachicola basin, the shoal bass occurs
sympatrically with redeye bass, spotted bass, and largemouth bass M. salmoides. In Alabama,
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however, the shoal bass is only found in the Chattahoochee River drainage (Ramsey 1975;
Williams and Burgess 1999).
Williams and Burgess (1999) suggested the distribution and abundance of shoal bass may
be declining in Alabama. Among the possible reasons for the decline in shoal bass include
habitat loss from impoundment of the Chattahoochee River and its tributaries (Williams and
Burgess 1999). Evidence has suggested that shoal bass stocked in ponds may initially survive,
but are not likely to persist over time (Smitherman 1975). Smitherman and Ramsey (1972) also
found that shoal bass experienced the highest mortality of five stream dwelling black basses (M.
coosae, M. cataractae, M. punctulatus, M. dolomieu, M. notius) after stocked into the same pond
with fathead minnows Pimephales promelas. Shoal bass likely do not survive over time in
impoundments due to habitat alteration and/or competitive interactions with other black bass
species (Williams and Burgess 1999). Additional causes for the decline in range and abundance
of shoal bass may include pollution, poor land use (leading to increased siltation) and
deterioration of water quality which contributes to habitat degradation (Ramsey 1975; Ogilvie
1980). Williams and Burgess (1999) suggested a thorough survey of the Chattahoochee River
and its tributaries to describe the current status of shoal bass within this unique system.
Typically, examination of black bass habitat associations focused on populations from
natural lakes, reservoirs, and small impoundments (Tillma et al. 1998). However, black basses
are distributed throughout the United States and all of these species are known to occur in lotic
systems. Quantifying habitat requirements and preferences for stream-dwelling black basses is
an essential component in determining management plans and restorative procedures for
populations that are in decline (Paragamian 1981). Although shoal bass are considered habitat
specialists (Ramsey 1975; Williams and Burgess 1999), there is a paucity of information
regarding habitat use for this species. Wheeler and Allen (2003) investigated macrohabitat and
microhabitat use of sympatric shoal bass and largemouth bass in a section of the Chipola River,
Florida. These fish exhibited habitat partitioning, possibly to minimize interspecific
competition. These results indicated that shoal bass preferred shoal habitat and rocky substrate
while largemouth bass favored pools with sand bottom (Wheeler and Allen 2003).
Currently, no information exists regarding movement or home range size for shoal bass.
Movement and behavior have been examined for other centrarchids, which has improved
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management and conservation efforts. Variability in black bass movement patterns in lotic
systems has been associated with fluctuations in temperature, flow, and depth, as well as
differences in substrate, cover, and habitat type (Barrett and Maughan 1994; Buynak and
Mitchell 2002; Rankin 1986: Sowa and Rabeni 1995; Todd and Rabeni 1989). Lyons and
Kanehl (2002) reported significantly different seasonal movement patterns and habitat
associations between northern and mid-western stream-dwelling smallmouth bass populations.
Spotted bass movement was significantly higher during spring and fall than summer and winter
in Otter Creek, Kansas (Horton and Guy 2002). The description of seasonal movement and diel
activity along with quantifying habitat associations for spotted bass in this stream assisted in
generating recommendations for restorative procedures (Horton and Guy 2002). In the Pend
Orielle River, Idaho, largemouth bass migrated as much as 16 km to two warm water
overwintering areas in late fall as a result of flood control drawdowns and re-distributed
throughout the river and its tributaries in the spring (Karchesky and Bennett 2004).
Understanding and quantifying movement patterns and habitat use by stream-dwelling black
basses offer insights into the potential implications of restricting movement by stream alteration
or habitat modification.
Relative abundance and distribution of shoal bass in Alabama is not known and should be
examined to determine its current status. Identifying habitat requirements for shoal bass in
Alabama is also important as it could lead to the designation of critical habitat necessary to
maintain this species, and to restore habitats that have been altered or degraded.
Of particular interest is the potential movement of shoal bass among shoal habitats within
a stream and isolation among populations. Isolated populations that are low in abundance, are at
a greater risk of extirpation (Morita and Yokota 2002). Information including home range size
and movement patterns of shoal bass will provide a better understanding of the behavior of this
species and could lead to improved implementation of conservation measures.
In this study, we estimated the amount of available shoal habitat and assessed distribution
and relative abundance of shoal bass in four tributaries of the Chattahoochee River. In one of
these tributaries, radio telemetry was used to describe seasonal movement, home range, and
habitat use by shoal bass at a single site (Moffits Mill on Little Uchee Creek). Population
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metrics including abundance, growth, the weight:length relationship, survival, and the lengthfrequency distribution were also estimated for shoal bass at Moffits Mill.

Study Sites
Portions of four tributaries located within the Chattahoochee River drainage in Alabama
were selected for investigating distribution and relative abundance of shoal bass. Selected
streams were chosen based on historic collections of shoal bass from Halawakee, Wacoochee,
and Little Uchee creeks (Williams and Burgess 1999), and accounts of shoal bass presence in
Osanippa Creek (Figure 3-1). These streams are found within the Southern Piedmont Upland
physiographic region and are characterized by alternating gravel and bedrock riffles and sandbottomed pools. The selected streams are relatively shallow (< 2 m) and have variable current
(Gilbert 1969). Pine and hardwood forests dominate the watersheds for these streams, but some
areas have been cleared and developed in the last several years.
Halawakee Creek originates in Chambers County and flows for approximately 29 km in a
southeasterly direction to its confluence with the Chattahoochee River at Lake Harding (Figure
3-1). The Halawakee Creek watershed drains approximately 225 km2 of land in Lee County.
Wacoochee Creek is about 25 km long and joins the mainstem of the Chattahoochee River of the
impounded Goat Rock Lake in Lee County. The Wacoochee Creek watershed drains 85 km2 of
land. Osanippa Creek originates in Chambers County and extends approximately 36 km
southeast through Lee County and drains approximately 320 km2 of land. The Osanippa Creek
eventually drains into the northern portion of Lake Harding. Little Uchee Creek drains 371 km2
of land. Little Uchee Creek originates in Lee County and flows for approximately 60 km before
its confluence with the Uchee Creek in Russell County.
Movement, home range, and habitat use of shoal bass were described at the Moffits Mill
shoal (hereafter “Moffits Mill”) in Little Uchee Creek. The shoal at Moffits Mill is about 650 m
in length and 1.7 hectares (ha) in area. Moffits Mill is dominated by a boulder/bedrock substrate
and intermittent flow and depth regimes. A large water fall (elevation = 3 m) separates the
Moffits Mill shoal from the shoals upstream. Another water fall (elevation = 4 m) is located
approximately 1.15 km downstream of the Moffits Mill water fall. Between the lower end of the
Moffits Mill shoal and the downstream water fall is an area of slack-water, approximately 500 m
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in length. This area maintains minimal flow during periods of high discharge, but exhibits
negligible flow during the rest of the year. Sand and mud dominate the substrate of the slackwater area and this area maintains measurable water depth throughout the year.

Methods
Distribution and abundance of shoal bass
Lengths (m) and locations of available shoal habitat were estimated by sampling
representative reaches on Little Uchee, Halawakee, Wacoochee, and Osanippa Creeks. These
streams were surveyed by canoe and lengths of all shoal habitats within each reach were
recorded with a GPS unit. Lengths of shoals were imported into ARC View GIS 3.2 (ESRI
1999) and measured. Streams were surveyed during spring, summer, and fall of both 2005 and
2006. In addition, all four streams were surveyed with a fixed winged aircraft to search for shoal
habitat.
Distribution and relative abundance of shoal bass were assessed by sampling
representative sites on these streams where we suspected the habitat could support shoal bass.
Sites were sampled during spring, summer and fall of both 2005 and 2006. Fish were collected
by electrofishing with a Smith-Root LR-24 backpack electrofisher. All shoal bass greater than
150 mm total length (TL) were implanted with Biomark TX1411L, 12mm, glass encapsulated,
Passive Integrated Transponder (PIT) tags. Shoal bass less than 150 mm TL were measured and
released. PIT tags were implanted with a 12 gauge hypodermic syringe into the peritoneal cavity
just posterior and slightly dorsal to the pelvic girdle as described by Prentice et al. (1990). After
tagging was completed, individuals were scanned (Biomark PIT tag pocket reader, 125khz) to
determine if the tag was retained and readable. Each shoal bass was weighed (g), measured (mm
TL), and released at the site of capture. Electrofishing effort was recorded in sec as measured by
the backpack electrofisher.
Population size, density and biomass of shoal bass ($ 150 mm TL) were estimated by
capture-mark-recapture at Moffits Mill on Little Uchee Creek. Three sampling passes were
performed weekly during 14 - 28 April 2005. Each shoal bass collected was scanned to detect a
PIT tag then weighed, measured, and released. Untagged shoal bass were implanted with a PIT
tag, then weighed, measured, and released. A multiple-census population estimate technique
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was used to estimate population size with 90% confidence intervals (Schnabel 1938). Density
(N/ha) was calculated by dividing the population estimate by the total area (ha) of the Moffits
Mill shoal. Biomass (kg/ha) was calculated by multiplying the average weight (g) of shoal bass
(> 150 mm TL) by the estimated population size, then dividing that number by the total area (ha)
of Moffits Mill.
Four additional population estimates were computed for shoal bass at Moffits Mill using
a two-pass technique from the formula (Seber 1982):

N=

(M + 1)(C + 1)

-1

(R + 1)

where M is the number of individuals marked in the first sample, C is the total number of
individuals collected in the second sample, and R is the number of recaptured individuals in the
second sample. Population estimates performed during the radio tagging events on 16
November 2005 and 13 April 2006 were calculated after one pass with the total number of PIT
tagged and radio tagged shoal bass from the preceding estimates considered the number of
marked (M) individuals and the number of recaptures from those estimates used as the
denominator (R) in the equation. We assumed migration did not occur from the Moffits Mill
shoal complex during these time periods. An estimate of survival was computed for the 16
November 2005 and 13 April 2006 population estimates, and multiplied by (M) because we
assumed that not all PIT tagged and radio tagged fish survived to be available for recapture
(Krebs 1999). For the population estimates during 1 - 10 November 2006 and 12 - 19 April
2007, two pass capture-mark-recapture methods were performed. Recaptured PIT tagged and
radio tagged shoal bass from all of the preceding events were considered as marked (M) fish in
the equation if collected during the first pass. Ninety percent confidence intervals (Krebs 1999)
were computed for the estimates of population size. During all passes for every estimate,
untagged shoal bass ($ 150 mm) were implanted with a PIT tag, weighed, measured, and
released.
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Habitat use, movement, and home range
To determine habitat use, home range, and seasonal movement of shoal bass at Moffits
Mill, 12 fish were fitted with 3.6 g internal radio transmitters (Advanced Telemetry Systems
model F1580) with a minimum battery life of 140 d on 13 November 2005 and an additional 12
fish were implanted on 16 April 2006. Internal radio transmitters were chosen because less
abnormal behavior has been observed in stream-dwelling fish than with externally attached
transmitters (Tyus et al. 1984). Shoal bass ³180 g were collected with backpack electrofishing
and the weight of the transmitter did not exceed 2% of the fish’s weight (Winter 1996).
Radio transmitters were implanted using a similar surgical procedure as described by
Maceina et al. (1999). After collection, each fish was anaesthetized in a solution of 150 mg/L
tricane methanesulfonate. Prior to and between surgeries, radio transmitters and surgical
instruments were placed in a solution of Nolvasan medical scrub to prevent contamination. The
surgical procedure began with a 1-2 cm incision slightly lateral to the midventral line just
posterior to the pelvic girdle. The antenna was pulled through the body wall from within the
peritoneal cavity using a cruciate needle approximately 2 cm posterior to the incision. The radio
transmitter was placed in the body cavity and the incision was closed with 2 monofilament
nonabsorbable sutures (2-0 Ethilon). Once closed, a solution of betadine antiseptic was applied
to the incision to help prevent infection. Each surgery lasted less than 5 minutes. Weight and
total length were recorded and each fish was scanned (Biomark pocket reader) for a pit tag.
After each procedure was completed, fish were returned to a holding tank until equilibrium was
attained and subsequently released at the site of capture.
Beginning on 18 November 2005, each radio tagged shoal bass was tracked until the fish
died, shed the transmitter, or the tag failed. To assess seasonal movements, fish locations were
recorded weekly using an Advanced Telemetry Systems signal receiver (Model R2000,
150mHz) and a four element directional yagi antenna. The location of each fish was recorded by
walking along the stream bank until the direction of the signal was perpendicular to the recorder.
The recorder waded into the stream on this perpendicular line until reaching a location where the
signal was the strongest. The point at which the signal was the strongest was recorded as the
location of the fish. The location of each fish, date and time of day were recorded with a GPS
unit. When radio tagged shoal bass were unable to be located by walking along the stream bank,
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upstream and downstream reaches were paddled twice by canoe until the fish was located. If
radio tagged shoal bass were unable to be located by walking, or by canoe, a fixed wing aircraft
with two wing mounted four element directional yagi antennae was used on two occasions to
search for fish in the Chattahoochee River watershed.
For each fish location, the following habitat parameters were recorded: mesohabitat type
(McMahon et al. 1996) was classified at each location as pool (area of stream channel with
nearly flat water surface, and deeper than average channel depth located in shoal or in slackwater area between shoals), run (relatively laminar flow with moderate depth, moderate to swift
current, and generally dominated by bedrock or boulder substrate), riffle (turbulent flow, shallow
depth, moderate to swift current, and dominated by gravel or cobble substrate), or eddy (area of
circular flow formed by boulders and/or bedrock within riffle or run). Microhabitat variables at
each fish location were measured including water temperature at bottom and depth (m) was
measured with a depth pole. Water current velocity (m/s) was determined at 60% of depth using
a Marsh-McBirney model 201M portable water current meter. Dominant substrate type was also
recorded visually at each contact point similar to the modified Wentworth classification
(McMahon et al. 1996). Dominant substrate was classified either as vegetation, or by substrate
size (diameter) as sand-silt (<0.2 cm), gravel (0.2-0.6 cm), cobble (7.5-30.0 cm), boulder ($ 31.0
cm), and bedrock (relatively unbroken stream bottom). Shoal bass locations were entered into a
database, and imported into ArcView Version 3.2 for analysis (Esri 1999). Occurrences of fish
in each habitat category were used to characterize habitat use.
The study site at Moffits Mill was mapped once per season to describe habitat available
to shoal bass. Transect lengths were made perpendicular to flow at 20 m intervals and the
starting point for each transect was recorded with a GPS. Sampling stations along each transect
were approximately 10 m apart. Habitat type, substrate, cover type, depth, and water velocity at
60% of depth were recorded at each station.
Data were grouped into four seasons based on water temperature and time of year: winter
(temperature < 12 °C, mean = 9 °C; 18 November 2005-24 February 2006), spring (temperature
13-24 °C increasing, mean = 19 °C; 03 March 2006-26 May 2006), summer (temperature > 25
°C, mean = 29 °C; 02 June 2006-28 August 2006), and fall (temperature 14-32 °C decreasing,
mean = 26 °C; 04 September 2006-10 November 2006). Percent occurrence of fish in each
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habitat category were compared among seasons. Categorical data (including mesohabitat,
substrate, and cover use frequency distributions) were compared with goodness-of-fit P 2 tests
(SAS 2003). Differences in depth and velocity distributions used by shoal bass among seasons
were compared using the Kolmogorov-Smirnov test (SAS 2003). When significant differences
were detected (P < 0.05) among seasons, nonparametric multiple comparisons were used to
determine which seasons differed in velocity and depth associations (SAS 2003).
Flow measurements were not available at Little Uchee Creek at Moffits Mill, but were
available at a United States Geological Survey hydrologic station (USGS site number 02343500)
downstream of Moffits Mill on Uchee Creek near Fort Mitchell, Alabama. Although this site
was about 40 km from Moffits Mill, I assumed these daily readings were approximate of flow
fluctuations in Little Uchee Creek at Moffits Mill. These data were used to examine differences
in shoal bass movement, home range size, and population density over time.
To determine habitat preference, the electivity index (D) of Jacobs (1974) was employed:
D = (r - p)(r + p - 2rp)-1

where (r) is the proportion of a habitat variable or interval used by the individuals observed and
(p) is the proportion of the same habitat variable or interval that is available. Values for the
index range from -1 to +1, where -1 indicates complete avoidance and +1 indicates total
preference.
Locations of individual fish were used to describe seasonal movement and home range.
Seasonal minimum movement was determined by measuring the distance (m) traveled (one
week intervals) by each radio tagged shoal bass and calculating meters moved per day (m/d):

Movement (m/d) =

distance moved from previous location (m)
days lapsed between observations (d)

Movement was recorded as the minimum distance traveled from the previous location.
Movement patterns were compared among the 4 seasonal periods as defined above.
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Differences in seasonal movement were tested with a repeated measures mixed model
that included random and fixed effects (SAS 2003). Individual fish represented the random
effects and seasons represented fixed effects in the analysis. Restricted maximum likelihood
(REML) was used to estimate variance components using mixed model analysis (SAS 2003) by
minimizing the likelihood of residuals from fitting the fixed effects portion of the model (Littell
et al. 2006). First-order autoregressive (AR(1)) covariance was designated for this analysis
because I assumed observations taken closer together in time were more highly correlated than
observations taken farther apart in time. When differences were detected by the repeated
measures ANOVA, a least squares multiple range comparison procedure with a Bonferroni
correction (% = 0.05 / N tests) was used to determine which seasons differed in movement. The
Bonferroni correction was used to control for the Type I multiple comparison error rate
associated with simultaneous inferences.
Home ranges were calculated for 21 of the 24 radio tagged shoal bass using a kernel
estimator similar to the procedure described by Seamen and Powell (1996). Only fish that were
at large for a minimum of 20 weekly observations were used for analysis and not enough
locations were obtained for 3 of the 24 fish. Fifty percent and 95% kernel home ranges were
calculated with the Animal Movement Analysis Extension (Hooge et al. 1997) for ARC View
GIS 3.2 (ESRI 1999). Fifty percent kernel home ranges were considered the portion of the
stream of core activity and 95% kernel home ranges were regarded as the total area of the stream
used by the fish (Hooge et al. 2001). The Wilcoxon rank-sum test was used to test for
differences in 50% and 95% kernel home range areas between fish tagged in November 2005
and April 2006. The Wilcoxon rank sum test was used for analysis because of small sample size
and home range sizes were not normally distributed. Fifty percent and 95% kernel home range
areas were compared among seasons using a Kruskal-Wallis analysis of variance (ANOVA; SAS
2003).

Population metrics
A length-frequency distribution was obtained from all non-recaptured shoal bass
collected at Moffits Mill. The length(TL):weight(WT) relationship was described by:
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log10(WT (g)) = -b0 + b1*log10(TL (mm))
Fulton’s coefficient of condition (K = weight*100,000/TL3) was computed for shoal bass
collected from Moffits Mill and fish were placed in two length groups (200 - 299 and 300 - 399
mm TL). Condition of shoal bass were compared using t-tests to fish of similar length collected
from the Flint River, Georgia, which also represented an endemic population. Data for 85 shoal
bass were obtained from the Georgia Department of Natural Resources (J. Evans, unpublished
data) from August to November 2005 using DC boat electrofishing. Upon collection of fish
from the Flint River, total lengths (mm) and weights (g) were recorded and sagital otoliths were
removed.
To assess and compare growth rates of shoal bass collected from Little Uchee Creek at
Moffits Mill, we analyzed growth data of shoal bass collected from the Flint River.
Instantaneous annual rates of growth for length and weight of shoal bass collected from Moffit’s
Mill were obtained from 21 recaptures of PIT and radio tagged fish. The number of days
between recaptures was not the same for all shoal bass used in the analysis so the differences in
length and weight were divided by time (d/365) between the initial and final recapture date. The
equations to compute instantaneous annual growth (G) for length (L) and weight (W) were:

GL =

GW =

ln(TLrecap(mm)) - ln(TLinitial(mm))
time
ln(WTrecap(g)) - ln(WTinitial(g))
time

Age of shoal bass collected from the Flint River was determined according to the procedures of
Hoyer et al. (1985) and Maceina (1988). To account for differences in growth due to time of
collection and growth after annuli were formed, annual increments of 0.25, 0.33, 0.42, and 0.50
years were added to the ages of fish collected from August through November 2005. A Von
Bertalanffy (1938) growth equation was fit to the total length-to-age data to predict lengths at
age. Weight at age was estimated from predicted lengths by regressing log10(weight) against
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log10(length) for the 85 fish that were collected. Instantaneous growth in length and weight were
computed similar to the equations presented for fish collected from Moffits Mill except that
predicted lengths and weights were used and G was estimated by subtracting each years previous
growth for the year. Hence, each G represented annual instantaneous rates and scaled similar to
those computed for fish from Moffits Mill. Instantaneous growth for length and weight were
plotted against the respective midpoints for length and weight for each population and compared
graphically.
Estimates of finite survival rate (S) were computed for radio tagged shoal bass between
November 2005 - April 2006 and April 2006 - November 2006 from the formula (Pollock et al.
1989):

n
Sk =

[ 1 - (d /r ) ]

J

i

i

i=1

where (Sk ) is the Kaplan-Meier estimate of finite survival rate over the tracking period, (di) is the
number of deaths recorded at time i, (ri) is the number of individuals alive and at risk at time i,
and (n) is the number of time checks for possible deaths. A 95% CI was derived for each
survival estimate from the variance and standard error components of the Kaplan-Meier estimate
as described by Pollock et al. (1989). The Kaplan-Meier estimated accounts for lost fish by
adjusting the number of individuals at risk (Krebs 1999). Radio tagged shoal bass were
considered dead if one of three assumptions were met: (1) the radio tag and/or fish was retrieved
from the stream bed; (2) the signal was repeatedly located under a boulder in a dewatered area;
(3) or the signal was repeatedly located in the nearby forest.
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Results
Distribution and abundance
On Wacoochee Creek, approximately 4.8 km were traversed and one large shoal (800 m)
was found on the lower end of this stream, 1.5 km from confluence with the Chattahoochee
River (Figure 3-2). Three sampling trips with 250 min of electrofishing effort yielded only one
shoal bass (179 mm TL) at this location. Sixteen spotted bass, and 6 largemouth bass were
collected from this stream.
Eighteen km of Halawakee Creek were traversed and we found 1.64 km of shoal habitat
(Figure 3-3). Nine hundred m of shoal habitat were located in a set of shoals above Beans Mill
dam. The additional shoals totaling 740 m were located downstream of Beans Mill dam
terminating at the confluence with Lake Harding. Spotted bass comprised the majority of black
bass collected (N = 53) from Halawakee Creek, followed by largemouth bass (N = 22). One fish
was confirmed as a largemouth bass x spotted bass hybrid (D. Philipp, Illinois Natural History
Survey, unpublished data). Three shoal bass (range 61-377 mm TL) were collected over 3
sampling trips (472 min), all at the farthest downstream shoal site below Beans Mill Dam
(Figure 3-3).
On Osanippa Creek, 6.5 km were traversed by canoe. Beginning just downstream of the
US 29 bridge crossing, 1.10 km (Figure 3-4) of shoal habitat was measured. Six shoal bass were
collected in September 2006 which we presumed were young-of-year fish (range 59-67 mm TL)
We made 4 sampling trips electrofished for 500 min. Twenty-four spotted bass and 1
largemouth bass were collected from Osanippa Creek. Two black bass were confirmed as
spotted bass x shoal bass hybrids (D. Philipp, Illinois Natural History Survey, unpublished data).
Twenty one km of Little Uchee Creek were traversed by canoe and 1.95 km of shoals
were measured (Figure 3-5). Approximately 1.25 km of the total available shoal habitat were
located over a set of 10 shoals beginning at Meadows Mill and terminating just upstream from
Moffits Mill. The remaining 700 m of shoal habitat were distributed between the Moffits Mill
shoal (650 m) and another downstream shoal (50 m). A total of 116 shoal bass (range 68-486
mm TL; Figure 3-6) were collected from the Little Uchee Creek during 14 sampling trips in
2005 and 2007 (1,555min). A total of 1,334 minutes of electrofishing effort was expended at
Moffits Mill and an additional 221 of electrofishing was conducted in mostly upstream regions
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of Little Uchee Creek from Meadows Mill to Moffits Mill and included Sturkie Creek.
However, only 6 of these 116 shoal bass were collected upstream of Moffits Mill. Electrofishing
catch rates of shoal bass were higher as these 110 fish represent fish that were not previously PIT
or radio-tagged and many of these fish were repeatedly recaptured. Fewer spotted bass (N = 9),
and a greater number of largemouth bass (N = 33) were collected from Little Uchee Creek than
from the 3 other streams surveyed. We did not collected any shoal bass from Sturkie Creek, but
these fish were previously collected at this site by past investigators.

Estimates of population size, density and biomass at Moffits Mill, Little Uchee Creek
In April 2005, an adequate number of recaptures were obtained after 3 passes to estimate
a population size of 72 (90% CI = 48, 130) shoal bass ( $ 150 mm TL; mean weight = 267 g) at
Moffits Mill (Table 3-1). The calculated area (ha) of the Moffits Mill shoal was 1.7 ha; thus 42
fish/ha with a biomass of 11.7 kg/ha inhabited this shoal. In November 2005, 31% of the shoal
bass collected were recaptures from April 2005. An estimated survival rate of 91% was
multiplied to the number of marked (M) shoal bass and the estimated population size was 107
(90% CI = 70, 258; Figure 3-7). Between April 2005 and April 2006, the estimated survival rate
was 82%, and in April 2006, the recapture rate was 57% for radio and PIT tagged shoal bass at
Moffits Mill. A population estimate of 69 (90% CI = 55, 99) was computed (Figure 3-7). In
November 2006, the estimated population size was only 13 (90% CI = 9, 31; Figure 7) fish, and
by April 2007, the estimated population size increased slightly to 23 (90% CI = 16, 48; Figure
3- 7).

Seasonal habitat use and preference
A total of 705 locations were recorded for 23 of 24 radio tagged shoal bass from 16
November 2005 to 10 November 2006 to describe seasonal habitat use at Moffits Mill (Table
3- 2). The tag for 1 of the 24 shoal bass was collected on the stream bed shortly after tagging
and not used in the analysis.

Mesohabitat Use and Preference
Chi-square analysis showed that seasonal meso-habitat use by shoal bass at Moffits Mill
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was not homogenous (P 2 = 208.2; df = 6; P < 0.0001; Figure 3-8). In winter 2005 - 2006 as flow
increased (Figure 3-9), runs were used by shoal bass 44% of the time, followed by eddies (30%),
and pools (26%). In spring 2006, runs (42%) continued to dominate mesohabitat use by shoal
bass while eddies were used 33% of the time and pools made up the remainder of associations
(Figure 3-8). Electivivty indices showed that shoal bass preferred runs and eddies during winter
2005 - 2006, and spring 2006, while pools were modestly avoided (Figure 3-10). When flow
began to decline and water temperatures reached summer maximums in 2006, shoal bass shifted
from the use of runs and eddies to pools. Pools contributed 68% of the habitat used by shoal
bass, followed by eddies (26%), while runs were used least (6%) during summer 2006 (Figure
3-8). However, shoal bass continued to exhibit preference for runs and eddies even as they
contributed to less than 20% of the available habitat (Figure 3-10). Low flow conditions
persisted into fall 2006, and the majority of available habitat was located in a downstream deep
water refuge (Figure 10). Pools contributed about 90% of the habitat shoal bass used, and a shift
in habitat preference was observed as shoal bass preferred pools over all other habitat types
(Figure 3-10). The remaining 10% of the mesohabitat used by shoal bass during fall 2006 was
distributed between eddies and runs (Figure 3-8), and these habitat types were modestly avoided
(Figure 3-10). Shoal bass completely avoided riffle habitat in all seasons.

Substrate Use and Preference
Although differences existed in seasonal distributions of substrate associations (P 2 =
74.01; df = 9; P < 0.0001), boulders contributed the dominant (54%) substrate type used (Figure
3-11) and preferred (Figure 3-12) during all seasons. In winter 2005 - 2006, shoal bass were
found over boulders 63% of the time, and bedrock 23% of the time, while sand contributed only
10% of the substrate used by shoal bass (Figure 3-11). Boulders were the only preferred
substrate type throughout winter 2005 - 2006 (Figure 3-12). During spring and summer 2006,
boulders continued to be the preferred substrate type while sand was selected in proportion to its
availability (Figure 3-12). Shoal bass used bedrock substrate only 14% of the time in spring
2006 followed by a slight increase in summer 2006 (Figure 3-11). As low flow conditions
persisted through late summer and into fall 2006, sand (44%) became the dominant substrate
available to shoal bass (Figure 3-12). However, boulders contributed over half of the shoal bass
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substrate associations and were the only preferred bottom type (Figure 3-12). Shoal bass used
cobble, and gravel less than 5% of time and exhibited avoidance of these substrate types in all
seasons.

Cover Use and Preference
Shoal bass use of cover types differed among seasons (P 2 = 19.46; df = 6; P = 0.004), but
boulders were the dominant cover type used (Figure 3-13) and preferred (Figure 3-14) during all
seasons. Conversely, shoal bass displayed avoidance for open water, wood, and aquatic
vegetation cover types in every season, even as open water pools became the dominant habitat
type available (Figure 3-14). In winter 2005 - 2006, boulders made up 72% of cover
associations while bedrock contributed only 13% , and open water was used only 15% of the
time (Figure 3-13). Pairwise comparisons revealed that cover use did not vary between winter
2005 - 2006 and spring or summer 2006 (P > 0.10). However, as discharge continued to decline
through late summer and into fall 2006, shoal bass used a higher proportion of open water and a
lower proportion of bedrock ledges (Figure 3-13) . Significant differences in cover use were
evident between fall 2006 and all other seasons (P < 0.01). By fall 2006, shoal bass were found
in open water 30% of the time, but exhibited relatively strong avoidance of open water, and
continued to prefer boulder cover (Figure 3-14). The use of bedrock by shoal bass was almost
nil, while boulders continued to contribute about 2/3 of cover associations by the end of autumn
2006 (Figure 3-13). Woody debris and aquatic vegetation were the least abundant cover types in
winter 2005 - 2006, spring, and summer 2006, and shoal bass avoided these cover types in all
seasons (Figure 3-14).

Depth Use and Preference
Seasonal differences in depth associations were evident for shoal bass at Moffits Mill
(Ksa = 4.40; P < 0.0001). Depths tended to exhibit bimodal distributions in every season except
for winter 2005 - 2006 (Figure 3-15). One mode was evident at a depth of approximately 0.50 m
and another at depths greater than 1.20 m with few locations between 0.80 and 1.00 m. Shoal
bass used shallower depths most often during winter (mean = 0.45 m), while use of deeper water
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occurred during fall (mean = 0.89 m; Figure 3-15), and appeared to be inversely related to flow.
In winter, shoal bass preferred depths of 0.40-0.60 m and displayed neutral selection for depths
of 0.80-1.00 m (Figure 3-16). Depths greater than 1.00 m were generally avoided by shoal bass
during winter 2005 - 2006 (Figure 3-16). During spring 2006, shoal bass exhibited preference for
depths ranging from 0.40-0.80 m, while modest avoidance for depths of 1.00-1.20 m was
evident, and depths greater than 1.30 m were selected in proportion to availability (Figure 3-16).
The bimodal distribution in shoal bass depth use and preference was most evident in summer and
fall 2006 as depths of 0.40-0.60 m and greater than 1.3 m were preferred while depths of 0.801.00 were avoided (Figure 3-16). In all seasons, the shallowest depths were avoided by shoal
bass.

Velocity Use and Preference
Velocities that shoal bass used differed among seasons ( Ksa = 6.07; P < 0.0001; Figure
3-17) and ranged from 0.00-0.70 m/s. Velocities used by shoal bass during winter 2005-2006
and spring 2006 were approximately 5 times greater than summer and fall (Figure 3-17),
reflecting the variation in flow observed over the study period (Figure 3-9). Although a
measurable rate of velocity was associated with 70% of all observations, fish were most often
found where velocities were less than 0.10 m/s in every season (Figure 3-17). During winter
2005-2006, shoal bass preferred water velocities of 0.10-0.30 m/s while velocities below 0.10
m/s, above 0.70 m/s, and between 0.40-0.50 m/s were avoided (Figure 3-18). In spring 2006, the
greatest velocities available to shoal bass at Moffits Mill were around 1.0 m/s, but shoal bass
preferred water velocities of 0.00-0.30 m/s and generally avoided velocities greater 0.35 m/s
(Figure 3-18). In summer 2006, velocities available to shoal bass ranged from 0.00-0.40 m/s.
Shoal bass exhibited neutral selection for water velocity of 0.00 m/s, although this velocity
comprised 88% of the available flow throughout summer 2006 (Figure 3-18). By summer and
fall 2006, shoal bass inhabited areas with water velocities # 0.10 m/s, as areas with higher water
velocities were rare (Figure 3-18).

Estimates of home range size
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Eleven of 12 shoal bass tagged on 16 November 2005 and 10 of 12 fish tagged on 13
April 2006 were tracked for a minimum of 20 weeks and had a sufficient number of observations
(median = 30 locations/fish) to be used to estimate home range (Table 3-2). Of the three fish not
used in home range analysis, one fish was consumed by a great blue heron Ardea herodias,
another was consumed by a water moccasin Agkistrodon piscivorus, and one died shortly after
tracking commenced.
For shoal bass tagged in November 2005, 50% kernel home range areas ranged from 601,684 m2 (mean = 466; Figure 3-19) and 95% kernel home range areas ranged from 155-5,886
m2 (mean = 1,983; Figure 3-20). For fish tagged in April 2006, 50% kernel home range areas
ranged from 48-7,746 m2 (mean = 1,877; Figure 3-19) and 95% kernel home range areas ranged
from 122-22,517 m2 (mean = 7,674; Figure 3-20).
Fifty and 95% home range areas were similar between fish tagged in November 2005 and
April 2006 (one sided Z = 1.16, P = 0.12) based on a Wilcoxon rank-sum test and were pooled
for the remainder of the analysis. For all fish pooled, 50% kernel home range areas were highly
variable and ranged from 60-7,746 m2 (mean = 1,138 m2). Similarly, 95% kernel home range
areas varied greatly and ranged from 155-22,517 m2 (mean = 4,693 m2). Although the shoal at
Moffits Mill was 1.7 ha, 50 and 95% kernel home range areas averaged only 7 and 28% of the
entire shoal reach (Figures 3-19 and 3-20).
Core (50%) and 95% home range areas were largest in spring and smallest in winter, but
did not differ statistically among seasons (P > 0.10; Table 3-3). Core use area and 95% home
range size varied more than an order of magnitude among individual fish within each season.
No relationship was detected between shoal bass total length (mm) and either 50% (r2 = 0.40, P
= 0.07) or 95% (r2 = 0.28, P = 0.22) home range areas.

Seasonal Movement
Mixed model analysis showed that movement rates of radio tagged shoal bass differed
among seasons at Moffits Mill (F = 4.33; df = 3,45; P = 0.009). However, movement was
skewed toward lower rates throughout the study period, and ranged from 0-66 m/d (mean = 3.2
m/d). Shoal bass moved less than 3 m/d in 80% of weekly observations, and exhibited no
measurable movement in approximately 40% of weekly observations in every season (Figure
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3-21). Radio tagged shoal bass did not emigrate outside of the 1.15 km Moffits Mill shoal/pool
complex.
Shoal bass exhibited little movement during winter 2005-2006 (mean = 2.3 m/d; water
temperature mean = 9 °C). Throughout the entire winter 2005-2006 season, all radio tagged
shoal bass were located in the Moffits Mill shoal (Figure 3-22). Movement of shoal bass
appeared to increase during spring 2006 (mean = 3.9 m/d), although not significantly (P > 0.10),
as flow and water temperature continued to increase (Figure 3-9). Shoal bass movement
throughout spring 2006 was restricted to within the shoal (Figure 3-23). Sixty five percent of
radio tagged shoal bass were located slightly upstream from the original tagging location during
the spring (Figures 3-24 and 3-25). However, on 26 May 2006, as flow continued to decline, the
first shoal bass migrated away from the shoal (Figure 3-25). This individual moved to a
downstream pool, approximately 350 m from its previous location. By the end of May 2006,
95% of radio tagged shoal bass were located in the Moffits Mill shoal.
Movement appeared to decline in June and July 2006 (mean 2.7 m/d), but not
significantly (P > 0.10), as discharge continued to decline and water temperatures exceeded 30°C
(mean = 29 °C; Figure 3-22). By 11 August 2006, 17 of 19 (90%) radio tagged shoal bass were
located in the Moffits Mill shoal. Two additional shoal bass migrated to the downstream deep
water refuge during summer 2006 (Figure 3-23).
In fall 2006, as dry conditions persisted, movement rates increased (mean = 3.7 m/d), but
movement was largely between the downstream water fall and the dewatered lower end of the
Moffits Mill shoal (Figure 3-25). Daily movement was significantly higher in fall 2006 (P <
0.06) compared to winter 2005-2006 and spring 2006. By November 2006, the deep water
refuge had no appreciable water velocity and water depths were greater than 1.2 m. Throughout
the duration of the study, no radio tagged shoal bass were located below the downstream water
fall and when the study terminated, the 3 remaining individuals were monitored just downstream
from the lower end of the Moffits Mill shoal (Figure 3-23). At the end of the study period, 1 fish
was still alive and located above the falls upstream of Moffits Mill and we believe this fish was
transplanted to this location by an angler.
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Population Metrics
Excluding recaptures, 87 shoal bass ($ 150 mm TL) were collected from the Moffits Mill
shoal between April 2005 and April 2007. The weight to length relationship (Figure 3-26) was:

log10(Wt) = -5.490 + 3.235*log10(TL).
Flint River shoal bass were in better condition than Little Uchee fish in the 200-299 mm TL (t =
4.68; P < 0.0001) and 300-399 mm TL (t = 5.08; P < 0.001) groups based on Fulton’s coefficient
of condition (Table 3-4). Graphical analysis showed that predicted instantaneous annual growth
rates (Wt) for Flint River shoal bass were greater than for the 21 shoal bass collected from
Moffits Mill (Figure 3-27). Only 1 shoal bass recaptured from Moffits Mill displayed greater
instantaneous annual growth (Wt) than what was predicted for Flint River fish, and 86% of shoal
bass from Moffits Mill exhibited lower growth in length (mm TL) than the predicted values for
Flint River fish (Figure 3-27). During the first 6 months of radio tracking, only 1 shoal bass died
(bird predation). After the second radio tagging event, 15 fish died, 3 signals terminated, 1
signal was lost, and 4 fish were alive. The finite survival rate (S) for radio tagged shoal bass at
Moffits Mill was 0.82 (95% CI, 0.59 - 1.00) between November 2005 and April 2006, and 0.10
(95% CI, 0.00 - 0.24) between April 2006 and November 2006.

Discussion
Distribution and abundance
With the exception of 1 site, shoal bass abundance and occurrence were limited and low
in 4 tributaries of the Chattahoochee River surveyed in Alabama. Similar lengths of shoal
habitat exists on each of the 4 tributaries and based on my radio telemetry data, shoal bass prefer
shoal habitat. The only substantial population of shoal bass was observed at Moffits Mill in
Little Uchee Creek. Hurst (1969) collected 68 shoal bass in Halawakee Creek from Beans Mill
Dam to the confluence with Lake Harding, and Gilbert (1969) reported shoal bass were more
prevalent than largemouth bass and spotted bass in the shoals of Wacoochee and Halawakee
creeks. In this study, only 4 shoal bass were collected from the same areas of these two streams
while 97 largemouth bass and spotted bass were collected. In Osanippa Creek, efforts to collect
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black bass either have not been attempted or reported. Comparative data for black bass
abundance is also unavailable for Little Uchee Creek.
The decline in shoal bass could be due to habitat alteration or loss of suitable habitat
from impoundments and poor land use (Williams and Burgess1999). Stream fragmentation from
impoundments has been shown to favor habitat generalists such as largemouth bass over fluvial
specialists like smallmouth bass (Guenther and Spacie 2006). Shoal bass are considered fluvial
specialists due to their inability to persist in lentic systems (Smitherman 1975). Halawakee
Creek has been fragmented by Beans Mill Dam upstream and altered downstream by an
impoundment of the Chattahoochee River at Lake Harding. In this study, largemouth bass were
the only black bass species collected from Halawakee Creek above Beans Mill dam, while only
three shoal bass were collected at the farthest shoal downstream of Beans Mill Dam. On
Wacoochee Creek, the shoals in the lower reach possibly have become disconnected from the
Chattahoochee River as a result of heavy sediment loading and only 1 shoal bass was collected
from this stream. The presumed larger population of shoal bass that previously existed in the
Wacoochee Creek shoal could have experienced population decline if mortality was high during
extreme dry periods, and connectivity to the Chattahoochee River was lost.
Impoundments may also act as barriers to movement by fluvial specialists and prevent
recolonization of preferred habitat after an episodic disturbance (Guenther and Spacie 2006;
Herbert and Gelwick 2003). Williams and Burgess (1999) indicated that shoal bass were
intolerant of reservoir conditions. If the Chattahoochee River once acted as a source of shoal
bass to recolonize Alabama tributaries, impoundments may have dramatically disrupted the
presence of shoal bass founder populations. The construction of 5 dams along the
Chattachoochee River, beginning with Bartletts Ferry (Lake Harding) upstream and EaglePhenix downstream, likely extirpated shoal bass as a source population for recolonizing the
Osanippa, Halawakee, and Wacochee shoals. Annual sampling of Lake Harding since the late
1980's has produced only a single shoal bass (Alabama Division of Wildlife and Freshwater
Fisheries, unpublished data). Alternatively, the shoals on Little Uchee Creek at Moffits Mill are
approximately 40 km upstream of the confluence with the Chattahoochee River and likely, the
shoal bass population at this location has been able to persist without recolonization from the
Chattahoochee River.
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In 3 of the 4 streams that we sampled, presence and abundance of spotted bass may be
deleterious to shoal bass. Competition and predation have been implicated in the decline of
fluvial specialists in favor of habitat generalists in streams where habitat has been altered or
degraded (Guenther and Spacie 2006). Spotted bass are considered habitat generalists due to
their ability to survive in a variety of habitats in impoundments as well as in large rivers and
streams. Spotted bass have been found to inhabit the same stream reaches as shoal bass (Gilbert
1969) and may outcompete shoal bass for resources. Smitherman and Ramsey (1972) reported
higher survival rates for shoal bass than for three other stream dwelling black basses, including
spotted bass, when stocked into separate systems. However, spotted bass exhibited greater
growth rates and higher survival after stocked into the same small impoundment with shoal bass
(Smitherman and Ramsey 1972).
In the 3 streams where shoal bass abundance was low, spotted bass were relatively
plentiful. In Halawakee Creek, the ratio of spotted bass to shoal bass was 18 to 1. In
Wacoochee Creek, spotted bass outnumbered shoal bass 16 to 1, and in Osanippa Creek, 24
spotted bass and 6 shoal bass were collected. The only stream surveyed in this study where
shoal bass abundance was greater than spotted bass was Little Uchee Creek (116 to 9). All but 1
shoal bass from Little Uchee Creek were collected upstream of a large natural barrier (4 m
waterfall), which may have obstructed upstream migration of spotted bass. The majority of
black bass collected below the barrier were spotted bass. Partitioning of resources has been
observed between shoal bass and largemouth bass (Wheeler and Allen 2003), but competitive
interactions between shoal bass and spotted bass in streams have not been examined. Williams
and Burgess (1999) report Both northern spotted bass M. p. pumctulatus and more recently
(1970s) Alabama spotted bass M. p. henshalli were introduced to the Flint-ChattahoocheeApalachicola river systems and based on relative abundance ratios of spotted bass to shoal bass
in our study streams, these introductions appear detrimental to shoal bass. In Osanippa Creek,
two black bass were confirmed as spotted bass x shoal bass hybrids.

Habitat preference, home range and seasonal movement of shoal bass at Moffits Mill
Although seasonal differences were evident among the distributions of mesohabitats,
shoal bass in the Moffits Mill shoal preferred bedrock and boulder substrate and cover
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throughout the year. Seasonal differences in habitat use appeared to be related to the
environmental conditions during the study period. In a previous study, age-0 and adult shoal
bass used areas with high proportions of rocky substrate, and deeper than average depth in the
shoals of the Chipola River, Florida (Wheeler and Allen 2003). Preferences for rocky substrate
and cover have been reported for smallmouth bass inhabiting lotic systems (George and Hadley
1979), but smallmouth bass have also been associated with vegetation, and woody structure
(Probst et al. 1984). Tillma et al. (1998) concluded that the amount of woody rootwads and
undercut bank cover were the best predictors of spotted bass density in Kansas streams. I found
shoal bass avoided woody structure and aquatic vegetation.
Shoal bass were strongly associated with moderate to deep areas of Moffits Mill, and a
strong seasonal component was evident for depth preferences. However, I could not effectively
record the deepest areas in the pools for both habitat and shoal bass use. Therefore, observations
of shoal bass in the deepest areas were included in the deepest interval (> 1.30 m). In winter
2005-2006 and spring 2006, moderate depths (0.40-0.60 m) were preferred, while deeper areas
(>1.30 m) were preferred in summer and fall 2006. The shallowest areas (<0.20 m) were
consistently avoided throughout the study period. Shoal bass were associated with deeper-thanaverage areas in the shoals of the Chipola River, Florida (Wheeler and Allen 2003). Similar
results were reported for stream-dwelling smallmouth bass (Rankin 1986; Todd and Rabeni
1989).
Velocity associations for shoal bass at Moffits Mill were lower-than-average in all
seasons, and preferred velocities were less than 0.35 m/s throughout the year. Todd and Rabeni
(1989) observed similar behavior of smallmouth bass in a Missouri stream. Smallmouth bass
introduced into an Arizona stream preferred velocities below 0.20 m/s (Barrett and Maughan
1994). Wheeler and Allen (2003) found that shoal bass were associated with higher-thanaverage current velocities in the Chipola River, Florida. However, extremely low flows were
observed in this study during late summer and fall 2006, and during these seasons areas with
measurable current velocities were too shallow to be inhabited by shoal bass.
Similar to Wheeler and Allen (2003), I observed shoal bass in pools and shoals, but a
seasonal component was evident in habitat associations. Shoal bass displayed preference for
eddies and runs in every season except for fall 2006, when discharge was almost nil and pools
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were the most abundant habitat type available. Wheeler and Allen (2003) indicated that shoal
bass may be more macrohabitat generalists then previously assumed, and this may be the case
for shoal bass in a larger system like the Chipola River, Florida (length = 201 km; watershed
area = 3,124 km2). I found that shoal bass in Little Uchee Creek (length = 60 km; watershed
area = 371 km2) were habitat specialists that displayed great fidelity to shoal habitat, but may
require refuge areas during periods of extremely low flow and high water temperature to escape
increased risk of mortality.
Our results indicated that shoal bass at Moffits Mill exhibited relatively sedentary
behavior throughout the year. Smallmouth bass in the Flat River, Michigan, spent 50%-60% of
the time inactive (Rankin 1986), and Klauda (1975) reported that adult smallmouth bass in a
“semi-natural” stream held the same position 80% of the time. In this study, during winter 2005
- 2006, no radio tagged shoal bass abandoned the Moffits Mill shoal. Movement patterns
displayed little variation until late spring when water temperatures reached 25 °C and the shoal
began to dewater. Movement rates have increased during spring for other black bass populations
in streams and have been related to spawning (Todd and Rabeni 1989) as well as abiotic factors
(Langhurst and Schoenike 1990). In this study, only 13% of radio tagged shoal bass migrated
away from the shoal to a downtream refuge area and the remainder of movement patterns were
restricted to within the shoal. The high recapture rates (range = 22 - 57%) observed during the
five population estimates between April 2005 and April 2007 also provided supporting evidence
of limited movement by shoal bass at Moffits Mill.
Fish that disappear during a movement study possibly move outside of the study site and
can bias results (Gowan 1994). However, the study ended with only one (4%) radio tagged shoal
bass designated as lost due to its disappearance prior to the expired battery life and the tag was
not recovered. I speculate that it was unlikely that this individual emigrated out of the study area
as it exhibited the smallest core home range size and exhaustive attempts were undertaken to
locate this fish by canoe and airplane. Possible causes for the disappearance of this shoal bass
include tag failure, natural mortality, or angler harvest.
Migratory behavior can be triggered by unfavorable climate conditions, limited food or
space resources, competition, and predation (Bell 1991). The dry period at Moffits Mill
persisted into fall 2006, and by the end of the study period, small isolated pools dominated the
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habitat available to shoal bass that did not migrate out of the shoal. Differences in individual
movement may be attributable to the physical environment in which the population resides.
Shoal bass that migrated downstream displayed behavior that differed from the fish that
remained in the shoal. Large differences in movement patterns have been observed in
individuals of other stream-dwelling species during periods of abiotic stress (Matthews 1998;
Aparicio and Desostoa 1999).
Excluding radio tag signals that were lost or expired (N = 4), the mortality rate for shoal
bass remaining in the shoal during the summer and fall 2006 was 100%. Abiotic induced
migratory behavior may have allowed for a better chance of survival and subsequent
recolonization of the shoal after the extended dry period observed at Moffits Mill. Although
none of the 3 radio tagged shoal bass moved back up into the shoal by the end of the tracking
period (November 2006), these fish were disconnected from the shoal by a dry riffle bed that
extended greater than 100 m. These individuals made frequent movements between an area just
below the dry riffle bed and the downstream waterfall, but were not located in the 500 m reach
between these two areas in any observation. This slack water area was composed of habitat
largely avoided by shoal bass throughout the study period. Possibly, these individuals were
displaying a type of searching behavior in an attempt to either move back up into the shoal or
find another area of preferred habitat.

Population Metrics
At Moffits Mill, population estimates in April 2005, November 2005, and April 2006
were relatively similar, while lower estimates were computed in November 2006 and April 2007
which was attributed to mortality associated with the drought that persisted through fall 2006.
Between April 2005 and April 2006, we estimated 69-107 shoal bass ($ 150 mm) inhabited this
site and was associated with high survival (S = 0.82). As Moffits Mill became dewatered in
summer and fall 2006, abundance declined to 13 and 23 fish respectively, and was associated
with a much lower survival rate (S = 0.10). However, the dry conditions in 2006 may have led
to strong recruitment as 41% of the total catch during November 2006 were juvenile shoal bass
(< 150 mm). Conversely, less than 5% of the total catch were juveniles during the preceding
estimates in April 2005, November 2005, and April 2006 estimates.
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The length-to-weight relationship computed for shoal bass at Moffits Mill was similar to
the length-weight regressions for other black bass species (Wege and Anderson 1978; Kolander
et al. 1993; Weins et al. 1996). All 21 PIT tagged shoal bass from Moffits Mill exhibited
positive growth between capture and recapture. Lower growth rates were observed for shoal
bass at Moffits Mill compared to fish from the Flint River. Similarly, body condition of shoal
bass from Moffits Mill was lower than for fish from the Flint River. The difference in size
between the Flint River and Little Uchee Creek might explain the disparity in growth and body
condition observed between these two populations. The Flint River drains approximately 21,911
km2 of land and has an average annual discharge of 114 m3/s, compared to a watershed area of
3,124 km2 and an average annual discharge of approximately 12 m3/s for Uchee Creek (USGS
Uchee Creek gage near Ft. Mitchell, Alabama). Increased growth rates have been observed for
Atlantic salmon Salmo salar parr in larger lacustrine systems then smaller fluvial systems
(Halvorsen and Svenning 2000; Dempson et al. 2004), and Kwak et al. (2006) reported faster
growth rates of flathead catfish Polydictis olivaris in the largest of 3 North Carolina rivers
studied. Similar comparisons appear to be absent in the literature for intraspecific black bass
populations inhabiting rivers and streams.
Petty and Grossman (2004) suggested that periods of low flow could negatively affect
growth due to increased physiological stress from increased water temperature, and reduced
wetted area for foraging. Hakala and Hartman (2004) observed a reduction in body condition of
brook trout during pre- compared to post-drought conditions. In 2006, Uchee Creek suffered its
5th lowest average annual discharge in the last 60 years and dry conditions were quite severe at
Moffits Mill.
Survival rates of radio tagged shoal bass at Moffits Mill decreased dramatically after
May 2006 and reflected the low flow conditions that persisted from summer into fall 2006.
Initial mortality from the tagging procedure was not evident as we observed 100% survival of
radio tagged shoal bass from November 2005 through February 2006 and only one fish died
(bird predation) by the second radio tagging event in April 2006. The tag was recovered about 8
km from Moffits Mill in a swamp, not contiguous to Little Uchee Creek, below a Great Blue
Heron nest. Thus, we assumed this shoal bass was consumed by this bird. The high survival
rates observed during this time period corresponded to higher population estimates in November
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2005 and April 2006. Monthly survival estimates declined precipitously from mid-summer into
fall 2006 and by the end of the November 2006, all radio tagged shoal bass located in the shoal
were assumed dead. In seven northern Appalachian streams, brook trout density decreased by
approximately 60% from pre- to post-drought population sampling (Hakala and Hartman 2004).
In this study, the lowest of five shoal bass population estimates was computed in November
2006, corresponding to the lowest survival estimate for radio tagged fish.

Management and conservation strategies
Anecdotal evidence (Gilbert 1969; Hurst 1969) indicated shoal bass were more common
in tributaries of the Chattahoochee River in Alabama, but currently these fish are in low
abundance (except the population at Moffits Mill) in isolated populations with little or no
connections to other shoal bass populations. Dam construction on the Chattahoochee River, and
poor land use practices on the mainstem of the Chattahoochee River and its tributaries where
shoal bass are known to inhabit may have reduced the amount and quality of suitable shoal
habitat and affected the potential for recolonization. My results stress the importance of
preserving suitable shoal habitat in the tributaries surveyed to conserve existing shoal bass
populations. Possibly, stocking shoal bass could be used to augment populations that are
currently at critically low levels and include populations in Osanippa, Halawakee, and
Wacoochee Creeks.
Droughts are natural disturbances in streams and can play a major role in re-structuring
lotic communities (Magoulick and Kobza 2003). Periods of low flow can favor large piscivores
such as shoal bass by increasing foraging efficiency and allowing for better recruitment.
However, prolonged dry periods resulting in the desiccation of a stream reach may have
negative effects on sportfish communities through increased risk of predation, starvation, and
angler harvest (Adams and Warren 2005). Normal periods of low flow may be exacerbated
upstream by water draw-downs or poor land use practices and alter the impacts that dry periods
impart on fish populations. We recommend a comprehensive investigation into the current water
and land use practices along the riparian zones of the four tributaries surveyed in this study and
assess impacts to local hydrology compared to historic levels. Finally, the Alabama Division of
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Wildlife and Freshwater Fisheries placed a moratorium on harvest of shoal bass in Alabama on 1
October 2006 in attempt to prevent further decline.
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Table 3-1. Data collected for the multiple census mark-recapture estimate of shoal bass ($ 150
mm TL) population size at Moffits Mill on Little Uchee Creek, Alabama during 14 - 28 April
2005.
Pass

Total catch (C)

Marked at large (M)

Recaptures (R)

1

19

0

0

2

17

19

4

3

19

32

9

Total

55

51

13
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Table 3-2. Tagging date, tag number, TL (mm), Wt (g), days at large, and fate of radio tagged
shoal bass at Moffits Mill. Fates represented by (*) indicate predation by Ardea herodias and
(**) indicates predation by Agkistrodon piscivorus.

Tagging
group

Tag ID

TL (mm)

Wt (g)

Days at large

Number of
locations

Fate

Nov. 05

684

420

1004

158

21

Died

702

254

197

335

47

Died

722

310

329

153

23

Battery expired

742

272

209

98

19

Died*

761

344

538

245

35

Died

782

374

657

311

44

Died

803

368

600

311

44

Died

822

356

575

311

44

Died

843

332

423

335

47

Died

861

291

254

251

36

Died

882

261

205

335

47

Battery expired

903

361

577

297

42

Battery expired

014

349

553

182

24

Died

043

283

309

182

24

Died

063

281

250

204

27

Died

083

308

372

120

20

Lost

102

390

772

211

28

Study ended

123

503

2125

165

22

Died

144

372

656

211

28

Study ended

163

277

266

144

20

Died

182

368

665

211

28

Study ended

202

357

658

211

23

Transplanted

222

287

316

105

14

Died

244

308

349

29

4

Died**

Apr. 06
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Table 3-3. Fifty percent and 95% home range areas (m2) of 21 radio tagged shoal bass at Moffits
Mill between November 2005 and November 2006.
Mean

SE

Range
(min.- max.)

Winter

201

61

26 - 763

Spring

1,423

468

10 - 6,571

Summer

1,140

368

7 - 5,013

Fall

1,261

663

10 - 8,347

Winter

984

187

249 - 2,447

Spring

3,550

898

45 - 13,109

Summer

3,165

841

55 - 12,833

Fall

2,908

1,473

45 - 20,089

Season
50% home range

95% home range
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Table 3-4. Fulton’s coefficient of condition [K = (Wt*100000)/TL3)] for shoal bass collected
from the Flint River and Little Uchee Creek. Numbers in parentheses represent standard
deviations.

Size groups (mm TL)
River

200-299

300-399

Flint

1.31 (0.10)

1.38 (0.10)

Little Uchee

1.17 (0.12)

1.25 (0.09)

3-37

Figure 3-1. Map of the four streams selected for assessing distribution and abundance of shoal
bass in Alabama.
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Figure 3-2. Map of Wacoochee Creek and location of shoal habitat (shaded areas).
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Figure 3-3. Map of Halawakee Creek and locations of shoal habitat (shaded areas).
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Figure 3-4. Map of Osanippa Creek and location shoal habitat (shaded areas).
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Figure 3-5. Map of Little Uchee Creek and the locations of shoal habitat.
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Figure 3-6. Length-frequency distribution of shoal bass collected from the Little Uchee Creek,
Alabama during 6 sampling trips during spring, summer, and fall of both 2005 and 2006.
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Figure 3-7. Estimates of shoal bass population size at Moffits Mill. Values on top of frequency
bars represent population estimates for each sampling period. Values above and below error
bars indicate upper and lower bounds of 90% confidence interval.
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Figure 3-8. Frequency distribution of mesohabitat use by shoal bass tracked over four seasons at
Moffits Mill.
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Figure 3-9. Mean monthly discharge (m3/s) at Uchee Creek station (near Ft. Mitchell, Alabama)
throughout the entire study period and bottom water temperature (oC) at Moffits Mill for the
habitat use and movement portion of the study.
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Figure 3-10. Frequency distributions of mesohabitat types used and available to shoal bass at
Moffits Mill in: (a) winter, (b) spring, (c) summer, and (d) fall. Positive electivity (Jacobs 1974)
values indicate preference and negative values indicate avoidance.
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Figure 3-11. Frequency distribution of substrate use by radio tagged shoal bass tracked over
four seasons at Moffits Mill.
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Figure 3-12. Frequency distributions of substrate types used and available to shoal bass at
Moffits Mill in: (a) winter, (b) spring, (c) summer, and (d) fall. Positive electivity (Jacobs 1974)
values indicate preference and negative values indicate avoidance.

3-49

Figure 3-13. Frequency distribution of cover use by radio tagged shoal bass tracked over four
seasons at Moffits Mill.
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Figure 3-14. Frequency distributions of cover types used and available to shoal bass at Moffits
Mill in: (a) winter, (b) spring, (c) summer, and (d) fall. Positive electivity (Jacobs 1974) values
indicate preference and negative values indicate avoidance.
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Figure 3-15. Depth (0.20 m groups) associations for shoal bass tracked over four seasons at
Moffits Mill.
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(a)

(c)

(b)

(d)

Figure 3-16. Frequency distributions of depths used and available to shoal bass at Moffits
Mill in: (a) winter, (b) spring, (c) summer, and (d) fall. Positive electivity (Jacobs 1974)
values indicate preference for each interval and negative values indicate avoidance.
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Figure 3-17. Velocity (0.05 m/s groups) associations for shoal bass tracked over four seasons at
Moffits Mill.
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(a)

(c)

(b)

(d)

Figure 3-18 . Frequency distributions of velocity groups used and available to shoal bass at
Moffits Mill in: (a) winter, (b) spring, (c) summer, and (d) fall. Positive electivity (Jacobs 1974)
values indicate preference for each interval and negative values indicate avoidance.
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Figure 3-19. Fifty percent (core) kernel home range areas (m2) for radio tagged shoal bass at
Moffits Mill.
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Area of Moffits Mill shoal

Figure 3-20. Ninety five percent kernel home range areas (m2) for radio tagged shoal bass at
Moffits Mill. The horizontal dashed line represents the area (17,000 m2) of the Moffits Mill
shoal.
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Figure 3-21. Movement distributions of radio tagged shoal bass tracked in all four seasons at
Moffits Mill.
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Figure 3-22. Mean movement rates by month for radio tagged shoal bass at Moffits Mill. Error
bars represent ± 1 standard error.
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Figure 3-23. Fifty percent (core) home ranges of radio tagged shoal bass at
the Moffits Mill study site in (a) winter 2005-06, (b) spring 2006, (c) summer 2006, and
(d) fall 2006. Home ranges are represented by the black images bordered in white.
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Figure 3-24. Weekly locations of radio tagged shoal bass (November 2005 group)
relative to their capture site (0 m) at Moffits Mill. Positive values are distances moved
upstream, and negative values are distances moved downstream from the site of tagging,
for each fish. Boxes with diagonal lines indicate a tag expiration. Black boxes indicate
mortality.
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Figure 3-25. Weekly locations of radio tagged shoal bass (April 2006 group) relative to
their capture site (0 m) at Moffits Mill. Positive values are distances moved upstream,
and negative values are distances moved downstream from the site of tagging for each
fish. Black boxes indicate mortality. White boxes indicate a lost signal. White circles
indicate the end of the study period.
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Figure 3-26. Weight to length regression for shoal bass ($ 150 mm TL) collected at
Moffits Mill.
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Figure 3-27. Instantaneous annual growth rates in total length (mm) and weight (g) for
recaptured shoal bass from Moffits Mill compared to shoal bass collected from the Flint
River, Georgia. Growth of radio tag fish are shown.
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