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Executive Summary

Research conducted as part of the Comprehensive Cooling Water Study
(CCWS) has elucidated many factors that are important to fish population and
community dynamics in a variety of habitats on the Savannah River Plant (SRP).
Information gained from these studies is useful in predicting fish responses to SRP
operations. As a result of this research, the Savannah River Ecology Laboratory can
provide informed technical recommendations to the Department of Energy -
Savannah River Operations Office on optimal strategies for minimizing impacts to
SRP fish populations.

The overall objective of the CCWS was (1) to determine the environmental
effects of SRP cooling water withdrawals and discharges and (2) to determine the
significance of the cooling water impacts on the environment. The purpose of this
study was to:

1. Examine the effects of thermal plumes on anadromous and resident
fishes, including overwintering effects, in the SRP swamp and associated
tributary streams (see Chapters 1 through V of this report).

2.  Assess fish spawning and locate nursery grounds on the SRP (see Chapters
| through il of this report).

3. Examine the level of use of the SRP by spawning fish from the Savannah
River (see Chapters |, Il and V of this report). This objective was shared
with the Savannah River Laboratory, E.I. du Pont de Nemours and
Company.

4. Determine impacts of cooling-water discharges on fish population and
community attributes (see Chapters | through V of this report).

‘ Five studies.were designed to address the above topics. The specific objectives

and a summary of the findings of each study are presented below.
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Chapter 1. Ichthyoplankton dynamics were studied from February through
August 1984 in three regions of the Steel Creek delta in the Savannah River Swamp
System (SRSS): (1) Lower Steel Creek, (2) post-thermal recovery areas, and (3)
undisturbed areas of cypress/tupelo forest. From the post-thermal recovery and
cypress/tupelo forest regions, two habitat types were sampled: shallow, structured
and deep, channel habitats. The objectives of the study were: (1) to describe spatial
and temporal patterns of larval fish distribution and abundance and (2) to correlate
effects of habitat modification on larval fish recruitment patterns.

Larval fish of 17 taxa were most abundant from March through May at all
habitat sites. Larval fish densities fluctuated and peaked with a series of
recruitment pulses. The occurrence of peak larval abundance differed significantly
by two to four weeks between habitats. Peak larval densities occurred first in the
post-thermal recovery regions and later in Lower Steel Creek and sites within the
natural cypress/tupelo forest. Water temperature and cumulative degree days
(above 0°C) were significantly positively correlated with timing of peak larval fish
recruitment. Correlations of larval fish density and seasonal fluctuations in water
level were detected only in channelized habitats of the cypress/tupelo forest and
Lower Steel Creek.

+ Tatal ichthyoplankton abundance varied among habitats. Disturbed sites had
the greatest mean larval abundance, Lower Steel Creek was intermediate, and sites
within the undisturbed cypress/tupelo forest had the lowest larval fish abundance.
Regardless of region, shallow, structured habitats had greater numbers of larval fish
than channelized habitats. The increased abundance of herbaceous piants in the

post-thermal recovery areas is likely a major reason for the higher densities.




Recruitment of the numerically dominant species exhibited a seasonal
succession. Chronology of recruitment was similar in all sites with darters initially
dominating the larval fish assemblage followed by a mix of lake chubsuckers and
pirate perch, and later by sunfish and cyprinids. Spawning of pirate perch, sunfish,
minnows, and suckers generally commenced earlier in previously disturbed sites
than natural, forested sites.

Shallow, structured habitats in both disturbed and natural regions of the SRSS
had the most taxa of larval fish compared to other habitats. Common taxa groups
were brook silversides, pirate perch, minnows, sunfishes, percids, and suckers.
Anadromous clupeids also used the SRSS for spawning with most activity in the
Lower Steel Creek channel or adjacent swamp habitats.

Chapter 2. Ichthyoplankton were sampled across a gradient in water
temperatures from nine sites, that represented three major geographic regions in
the SRSS from January through July 1985. Temperatures ranged from 2-19°C above
ambient to temperatures characteristic of the region. The objective of this study
was to characterize the effect of thermal alteration on reproductive cycles and the
early life histories of fishes in the SRSS. Two questidns were addressed: (1) Does
density, species composition, and timing of reproduction vary between areas of
different thermal characteristics? and (2) Do patterns of species seasonal succession
vary across environmental temperature gradients?

A total of 6,975 fish larvae and eggs representing 21 taxa was collected in the
SRSS. All major ichthyoplankton taxa were present at each of the three regions
regardless of thermal characteristics. Most of the larval fish (>95%) were collected

from shallow, vegetated habitats rather than deep, channelized habitats.



Recruitment of larval stages occurred earliest in the heated sites. Timing of
peak larval fish densities differed by about eight weeks between the warmest site
and a site in the natural cypress/tupelo forest in Steel Creek. Temperature
differentials as little as 2°C above ambient regional temperatures were sufficient to
advance reproduction. Overall, the mean ichthyoplankton density was lower at al|
thermal sites compared to the cooler sites, except one. Among the five thermal
sites, there was no relatidnship between larval fish abundance and a sites's rank
order of temperature.

Total ichthyoplankton density varied seasonally. Eggs and larval fish densities
increased in a series of pulses during January through May and declined during June
and July. Phenological patterns were disrupted in the heated areas, Taxa of larval
fishes that normally occurred at different times of the year, overlapped temporally
at heated sites. Larval stages of most taxa from the thermal areas were found
earlier and at warmer temperatures than the same taxa found in nonthermali areas.

Chapter 3. Juvenile and adult fish were studied from 12 sites representative of
habitat types in the SRSS. The objective of the study was to identify patterns in fish
distribution, abundance, and composition in the SRSS adjacent to the SRP to
determine: (1) if discrete fish assemblage typés were present in the SRSS, (2) if there
was a relationship between fish assemblage structure, habitat structure, and
physical disturbances from natural events and reactor operations, and (3) if
assemblage structure was temporally persistent and stable in the face of seasonally
changing environmental conditions.

From captures of almost 12,000 individuals, 17 families represented by 51
species of fish were recorded across the SRSS. Of these, 17 species representing 11
families comprised greater than 90% of the icthyofauna. Seventeen species were

classified as rare based on the collection of less than 10 individuals during the
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period of March 1983 through July 1985. Eight species were only found at single

locations. Most individuals were recognized as year-round freshwater residents,

but anadromous and catadromous species also utilized the SRSS.

From the 12 sample sites in the SRSS, no location had a unique fish fauna due
to the widespread distribution patterns of most of the species. Composition of the
fish assemblage, however, did vary between sites as a consequence of habitat
characteristics. Areas receiving thermal effluents greater than 5°C above regional
ambient temperatures were depauperate in numbers of species and numbers of
fish. Sites with an overstory canopy and moving water had higher species richness
and abundance, and the assemblage was dominated by both large and small-
bodied species. Sites with emergent and submergent aquatic vegetation had even
greater numbers of species and fish abundance; these assemblages were dominated
by small-bodied species such as cyprinids and brook silversides. The differences in
assemblage composition are shaped by gradients of habitat heterogeneity,
productivity (as determined by the extent of aquatic macrophyte cover), and water
temperature regimes.

The SRSS is a highly compiex, fluctuating environment in which the relative
abundance of fish species varies naturally, both seasonally and annually. Over a
period of 27 months (10 seasons), fish assemblage structure within Steel Creek was
highly persistent with many of the same species repeatedly found over census
periods. Stability of the fish assemblage was also high with many species
contributing the same rank order of abundance. Thus, while physical factors are
important in determining fish distribution and abundance, the high persistence and
stability of the assemblages are suggestive that biotic interactions are probably also

important in structuring the fish assemblage.
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The SRSS is a major and valuable source pool of fish for tributary streams, the
Savannah River, and contiguous swamp habitats. However, modification from
extrinsic industrial operations could directly affect fish assemblages through habitat
alteration. Indirect effects in contiguous areas could aiso be important by
producing changes in faunal composition (prey, predators, and fish species) in
affected habitats, although the potential for recolonization from peripheral areas
would persist.

Chapter 4. Fish communities were sampled in three SRP stream systems, Pen
Branch, Steel Creek, and Meyer's Branch. The objectives were: (1) to determine
patterns in species richness, species diversity, relative abundance, and trophic
composition between the different stream systems and among locations within
each stream, (2) to determine whether compositional variability changes in a
predictéble manner along an upstream/downstream gradient, and (3) to examine
the potential importance of upstream migration to assemblage persistence and
stability in these small blackwater streams. While the long-term goal is identifying
patterns and processes underlying stream fish structure and function, these findings
should be invaluable in assessing the impact of perturbation regimes (e.g. increased
discharge and temperature) and lead to formulation of appropriate management
policies.

From collections made from March 1983 through December 1985, more than
16,000 individuals representing a cumulative total of 49 species of fish were
collected. Nine species of fish were common to ail sampling sites and an additional
11 species were collected at seven or eight of the locations. These 20 species
accounted for greater than 90% of the numerical abundance.

Species diversity was similar in each stream, although Steel Creek had slightly

higher values. Within each stream, diversity progressively increased with increasing
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distance downstream. Similar patterns were observed for species richness. Steel
Creek had slightly more species than either Pen Branch or Meyer's Branch because
of its greater stream width. Regardless of stream system, numbers of species were
highest in downstream reaches. Assemblage abundance was temporally and
spatially variable with no consistent pattern within or between seasons. Only in
Meyer's Branch were consistent changes in abundance detected along the
upstream/downstream gradient with greater abundance in upstream habitats.
Despite the variability in assemblage compoaosition, only at the upper site on Pen
Branch did trophic composition differ. At most sites, surface water invertivores
were the dominant feeding group of fish followed by similar proportional
abundance of generalist and benthic invertivores. The invertivore-piscivore group
was typically the least abundant at all sites except the upper site on Pen Branch
where they were dominant,

There was no indication that persistence or stability of the fish assemblage
changed in a predictable manner from upstream to downstream. Rather, each site
had comparable levels of assemblage consistency. Likewise, persistence and
stability of the fish assemblages did not differ between streams isolated for most of
the year from downstream reaches (Pen Branch), undergoing post-thermal recovery
(Steel Creek), and those that have been open for upstream migration for
approximately 20 years (Meyer's Branch). The lack of pattern suggests that
recolonization and extirpation events were not major factors structuring fish
assemblages in these southeastern coastal plain streams.

Chapter 5. Patterns of fish recolonization were examined in stream channels
that periodically receive thermal effluents from nuclear production reactors. The

objectives of the study were: (1) to determine the extent of utilization of thermal
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stream channels by fishes during reactor shutdown and (2) to assess variability in
abundance and species composition during recolonization as a function of season,
duration of reactor shutdown, temperature regime of the stream, and distance
from source pools within the SRSS.

In general, fishes do not invade or inhabit thermal streams upstream of the
SRSS during periods of reactor operation. However, fishes reinvade effluent
streams within 24 hours of reactor shutdown and continue to enter and move
upstream as long as normal temperature waters are present. The extent of
reinvasion of the stream channels varied seasonally and among years, but usually
was greatest in the spring and lowest during summer and early fall. Thirty-four
species of fish were captured in Four Mile Creek and Pen Branch over 19 reactor
cycles. However, based on patterns of species utilization, composition varied
seasonally with a common seven fish species occurring in greater than 70% of the
cycles, a group of 11 species occurring 30-70% of the time, and a large group of
uncommon species captured in less than 30% of the reactor cycles investigated.

The reinitiation of thermal effluents following short-term reactor shutdown
does not result in major fish kills as most individuals of most species return to cooler
temperature waters before lethal temperatures are reached in the stream.
Recolonization and habitation of an entire stream system by a major portion of the
fish species living in the SRSS would be expected following the permanent

termination of thermal effluents.
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General Introduction

A central goal of population and community ecology is to und;rstand
mechanisms and processes responsible for differences and similarities among
systems. One approach is to compare populations or communities occurring along
environmental gradients such as physiological stress or resource availability. This
approach provides valuable basic data and encourages the development of testable
hypotheses. It also increases our ability to predict effects of, and to manage
perturbations on an aquatic system.

The mosaic of lentic, lotic, and river-swamp aquatic habitats on the Savannah
River Plant (SRP) supports a diverse fish community in excess of 60 species. Most fish
species found in these environments are categorized as permanent freshwater
residents, but at least six species are anadromous or catadromous in life history.
Patterns of fish distribution and abundance in SRP waters have both ecological and
economic importance. From a structural and functional viewpoint, the responses
that different life history stages exhibit to environmental variations make them
good indicators of wetland integrity. Economically, SRP stream and river-swamp
habitats may provide valuable feeding, spawning, and nursery areas for local fish
populations in the Savannah River and stock recruitment for several recreationally
important migratory species.

Few studies, however, have focused on identifying factors influencing the
distribution and abundance of fishes in these diverse wetland systems on the SRP.
Limitation of the database on fish population and community dynamics has two
important consequences. First, it restricts information available for mitigation of
habitat modification and loss associated with the operation of several nuclear
production reactors on the SRP. Secondly, most existing models of structure and
function of lentic and lotic fish communities are largely based on patterns observed

in forested, north temperate systems. Coastal plain stream and swamp systems have



RN P "IN A RE T SR RN D i T S

received less attention although such habitats extend from New England to Texas
and northward into the Mississippi Embayment, and many fish species, or species
complexes, have a broad geographic distribution patterns, Thus, the geographic
perspective on which to develop general concepts pertaining to fish population and
community dynamics needs reconsideration using tests in other environments.

The initiation of the Comprehensive Cooling Water Study, in accordance with
316(a) and (b) legislation for mitigative purposes accompanying the planned restart
of a nuclear production reactor, L-Reactor, on the SRP, promoted the development
of comparative field studies to examine patterns in fish population and community
dynamics. A main objective of this program was to evaluate potential effects of
reactor operation, particularly the consequences of thermal effluents, on fishes
from selected habitats, However, it also afforded the opportunity to develop
studies that should be applicable to other coastal plain habitats, to be of
comparative utility for research in other physiographic or faunal regions, and to
serve as an essential preliminary step in the use of experimental manipulations and
other hypothesis-testing research.

Our goal was to detect patterns and processes influencing fish distribution and
abundance. This was acomplished by focussing attention in four major areas.
Investigations included: (1) study of the importance of habitat modifications and
elevated water temperature regimes on reproductive cycles and larval fish
recruitment dynamics on several spatial scaies, (2) examination of patterns of fish
macrohabitat utilization in the river-swamp and associated streams,
(3) identification of seasonal changes in fish utilization of thermal areas in relation
to reactor operation schedules from a perspective of ecosystem recovery, and (4) the
documentation of fish kills. Knowledge of behavioral and ecological processes over
space and time are of fundamental importance in understanding structure and

function in natural and disturbed systems. Information from these studies should
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enable predictions to be made regarding the effects of environmental variation
(natural or artificial) on persistence and stability of fish population and community
dynamics. The identification of these patterns at many levels of organization will
enable future research to focus more upon process-oriented questions thereby
increasing our knowledge of species responses to environmental perturbation, and

ways to minimize or effectively mitigate for the disturbance.
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Introduction

Many of the major rivers of the southeastern United States are bordered by
broad floodplain forests. These swamp ecosystems are highly variable in hydrologic
source, frequency of flooding, and plant community structure (Day, 1982; Wharton
etal., 1982). The variable hydrologic regime associated with adjacent alluvial rivers
and blackwater streams create highly dynamic environments that influence the
distribution and abundance of plant and animal components of these ecosystems.
Despite the importance of floodplain swamps as natural filters, or sinks, of stream
water (Ewel and Odum, 1978; Mulholland, 1981), relatively little information is
available regarding the functioning of these ecosystems and the structure of
component assemblages. Prior investigations on river-swamps have focused
primarily on aspects of nutrient cycling and the structure and function of plant
assemblages in nonriverine swamp habitats (e.g., Connor and Day, 1976;
Schlesinger, 1978; Brown, 1981; Day, 1982) and riverine forests (Brinson et al., 1980,
1981; Mulholland, 1981). Studies of fish assemblages within these ecosystems are
rare (Kushlan, 1976; Carlson and Duever, 1976; Ross and Baker, 1983; Freeman and
Freeman, 1985; Finger and Stewart, 1987), and rel‘atively little is known about
habitat requirements of their early life history stages in these environments.

As a continuum of flowing to backwater areas, three general habitat types
occur in river-swamp systems: submerged wood or snags, rooted or floating
macrophytes, and open water areas with mud-sand substrate. Investigations in
other freshwater wetlands have stressed the functional importance of submerged
aquatic vegetation as foraging areas and as refuges from predation for fishes (Hall
and Werner, 1977; Mittelbach, 1981; Crowder and Cooper, 1982; Savino and Stein,
1982; Gilinsky, 1984; Werner et al., 1983). The nursery role of these habitats may,
however, be limited because emergent and submergent vegetation are usually only
a small overall habitat component within many river-swamp systems. In addition,
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water level fluctuations, as it affects habitat structure and availability, have also
been shown to be influential in determining recruitment success and assemblage
composition (Starrett, 1951; Hassler, 1970; Kushlan, 1976). Because of the probable
importance of larval fishes in swamp production and energy transfer, more
information is needed on the ecology of the early history stages within river-swamp
ecosystems. This need is heightened because swamp/floodplain wetlands are being
altered at an increasing rate for commercial and recreational purposes.

This investigation was conducted to answer basic questions regarding the
location of nursery grounds and ichthyoplankton dynamics in one such river-swamp
ecosystem, the Savannah River Swamp System, in South Carolina. Specific objectives
were: (1) to describe spatial and temporal patterns of larval fish distribution and
abundance and (2) to correlate effects of habitat modification on ichthyoplankton
recruitment patterns. Our long-term goal is to determine the relative importancé
of physical constraints, biotic interactions, and resource limitations in determining

larval fish population and community dynamics.

Study Area

Along the Savannah River near Aiken, $C, a 3200 ha river-swamp system, the
Savannah River Swamp System (SRSS), forms the southwest border of the U.S.
Department of Energy's Savannah River Plant (SRP). A second-growth forest of bald
cypress (Taxodium distichum), water tupelo (Nyssa aquatica), and bottomland
hardwoods form a closed canopy over all but 200-300 ha of the swamp (Sharitz et
al., 1974). Three major creeks located on the SRP drain into the SRSS (Steel Creek,
Four Mile Creek, and Pen Branch) and since the early 1950s, each has periodically
carried heated effluents from nuclear production reactors into the swamp. Where
water from the creeks first enters the SRSS, extensive tree mortality has occurred

through an interaction of direct thermal effects (ca. 40°C), elevated water levels




because of the increased discharge rates (11.3 m3/s), and increased sedimentation
(Sharitz et al., 1974; Sharitz and Lee, 1985; Scott et al., 1986). Although heated
effluents are still discharged into two streams, Steel Creek and its associated delta
have been undergoing post-thermal recovery since 1968. Currently, water
temperatures (<30°C) and discharge rates (ca. 1.4 m3/s) approximate pre-
disturbance levels.

Sampling for larval fishes was restricted to three major regions within the Steel
Creek delta portion of the SRSS, but were representative of current, nonthermal
habitats in this river-swamp ecosystem (Figure 1.1; Table 1.1). These were regions
of natural forest, post-thermal recovery from prior reactor discharges, and a large
channel that carries water from this portion of the swamp to the Savannah River
through a break in the river levee. Natural forested sites were characterized as
having a well developed overstory canopy of cypress or tupelo and had not
previously experienced any form of thermal perturbation. Macrophyte growth in
the understory was sparse (<20% areal cover) with most being submergent species

(e.g., Myaca spp., Ceratophyllum spp.). Macrophyte growth became dense only in

gaps in the canopy or along the edge of small channels. Despite 16 years of
succession, overstory canopy development remains scarce within the previously
disturbed habitats. Instead, vegetation is dominated by both a scrub-shrub
community exploiting dead and decaying logs and stumps as a substrate for
establishment and an extensive (>60% areal coverage) herbaceous marsh of

emergent (e.g., Hypericum spp., Polygonum spp.) and submergent (e.g.,
Myriophyllum spp.) macrophytes (Sharitz et al., 1974; Martin, et al., 1977). Within

both the disturbed and natural forested regions, two macrohabitat types were
recognized: deeper, channelized areas and shallow, structured areas. Channel
areas were characterized as having depths ranging from 0.75 to 2.5 m during

periods of na flooding, current velocities ranging from 15-50 cm/s, and generally

¥



CANOPY REMQVED

C= DISTURBED HABITATS (PERENNIALLY WET)
3 OEBLTAIC FAN (SHALLOWLY FLOODED)

CANOPY NOT REMOVED

[ CYPRESS-TUPELO (PERENNIALLY WET)
E3 8OTTOMLAND HARDWOODS (SEASONALLY FLOODED)
] UPLAND (INTERMITTENTLY FLOODED)

Figure 1.1. Sampling sites in the riverine swamp system located on the
: Savannah River Plant (SRP) near Aiken, SC. Samples were taken in
five habitats: sites 1-4 were in Lower Steel Creek; sites 5-6 were in a
disturbed channel; sites 7-8 were in a natural channel; sites 9-10
were in disturbed structure; and sites 11-12 were in natural
structure.
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little habitat structural complexity from snags or vegetation. Structured areas were
shallow (usually <1.5 m), had low current velocities (<30 cm/s), and high habitat
complexity due to the presence of macrophytes, snags, or extant trees. The third
major region, Lower Steel Creek, was a steep-sided channel having depths
frequently exceeding 2 m, current velocities that periodically were > 1 m/s, few

macrophytes, and a compacted sand/clay substrate.

Methods.

Spatial and temporal patterns of larval fish distribution and abundance were
determined twice weekly for 16 consecutive weeks beginning the last week of
February and continuing through the third week of June 1984. Additional
collections were made at biweekly intervals through the end of August. A single
sample was also taken during the first week of February, but no larval stages were
found. To assess ichthyoplankton distribution in relation to macrohabitat
characteristics, two sampling sites were chosen within four of the habitat types
(natural channel, natural structure, disturbed structure, and disturbed channel)
while four sites were selected along the watercourse of Lower Steel Creek (Figure
1.1; Table 1.1).

sampling technique for all collections and dates was identical. Rather than
standard plankton nets, a high volume centrifugal pump was used to filter 12.8 m3
of water through a 0.505 mm mesh conical (0.5 wide mouth, 2.5 m length) plankton
net trailed into the water to minimize abrasion to eggs and larvae. Two replicate
samples were taken at each of the twelve sites from the same depth strata (<0.5 m)
from a stationary boat; a distance of ca. 1-2 m separated collections made within a
site. Characteristics of the pump used in this study (7.6 cm intake hose diameter,
0.85 m3/min discharge rate, capability of handling a3.8cm diameter spherical solid)

approximated those used in other studies (Aron, 1958; Cada and Loar, 1982; Gale
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and Mohr, 1978; Leithiser et al., 1979; Portner and Rohde, 1977; Taggart and
Leggett, 1984). Pumping rates were calibrated by filling containers of known
volume. Water temperatures were taken on each visit using a digital thermometer
except for sampling periods 2 and 3 due to equipment failure. All samples were
collected between 0900 and 1430 hrs.

Pump sampling was selected because it had several advantages to
conventional net samplers including: (1) ability to collect in shallow, vegetated
habitats, (2) no bias due to variable filtering efficiencies induced by clogging, and
most importantly, (3) the ability to sample at biologically relevant time and spatial
scales. While this methodology has been criticized. because of its potential to
damage or destroy the organisms they sample, evidence from other studies (Aron,
1958; Cada and Loar, 1982; Leithiser et al., 1979; Portner and Rohde, 1977; Taggart
and Leggett, 1984) and observations made in the present investigation, suggest
pump-related damage may not represent a major shortcoming. Only Gale and
Mohr (1978) found evidence for pump-related damage to ichthyoplankton. They
observed that the proportion of larvae in ‘good-excellent’ condition was higher
when mesh size of the filtering mesh was decreased (0.50 to 0.22 mm) and adjusting
the net so that it ‘ballooned’ during sampling. Regardless of net type, however,
Gale and Mohr (1978) were still able to identify all larvae in the collections. Some
larvae were found damaged in the present study, but represented only a small
proportion (2.7%) of all the larvae collected (Table 1.3). Some damage to the egg
chorion was also noted in several instances. While this might be suggestive of a
possible underestimate of egg abundance, the bias should be similar in all sites
because of the consistency in sampling methodology. Thus, there is apparently only
minor loss in taxonomic classification using pump sampling. These comparative
studies have also generally found that the density of organisms sampled with
pumps was equal to that sampled by towed net samplers although some variation in

¥
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efficiency was noted between different length classes of larvae and vertical
distribution of eggs.

All samples were immediately preserved in 5% formalin containing Phloxine B
stain and transported to the laboratory. All larvae and eggs were counted and
where possible, identified following keys and descriptions provided in Auer (1982),
Hogue et al. (1976), or Wang and Kernehan (1979). Further recognition of
described and undescribed taxa was based on specimens raised in our laboratory for
ancillary projects. Most eggs, however, were recorded as unidentified eggs. Only
- damaged larvae were recorded as unidentified larvae; all others were identified to
some taxonomic level.

Water level fluctuations within the SRSS were recorded by gauges located in
the natural channel habitat and at the mouth of Lower Steel Creek (J.B. Gladden,
Savannah River Laboratory, E.l. du Pont de Nemours and Company, Aiken, SC,
unpublished data). Fluctuations in river water level and water levels in these two
sites were standardized against discharge rates recorded by the U.S. Geological
Survey gauging station at Jackson, SC, during a period of constant flood conditions
from August 7-11, 1984. Water quality detefminations were performed on 34
parameters at two-week intervals during the study from sites within Lower Steel
Creek, the natural channel (Site 8), and the disturbed channel (Site 6) (Newman,
1986).

A split-plot analysis of variance (ANOVA) was used to test for differencesin the
spatial and temporal patterns of ichthyopiankton occurrence and abundance
among the 768 samples. The 12 sites were treated as subplots within the five
habitats (Snedecor and Cochran, 1980). Densities of eggs and larvae (number of
individuals/1000 m3) were transformed by In(x + 1) before analysis since the
required assumption of homogeneity of variance was not originally met (Downing,
1979). Correlation analyses were also used to examine variation in ichthyoplankton

¥
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abundance as influenced by either water temperature or water level in the SRSS on
the day of sampling and for a one-week lag period. Correlation analyses were also

done comparing the weekly change in ichthyoplankton densities to the weekly

differential in water level.

Differences of water temperatures between habitats were examined using a
nonparametric sign test. We tested whether water temperatures recorded on
sampling dates were warmer or cooler in one habitat more often than would be
expected if those outcomes were equally probable. All statistical analyses were
done using the Statistical Analysis System (SAS, 1985) and procedures outlined in
Sokal and Rohif (1981). Significance levels for parametric and correlation analyses
were p<0.05. To minimize Type 1 error associated with multiple comparison
testing, significance levels for the sign tests were p<0.01.

Principal component analysis (PCA) was used to examine covariation in
abundance among groups of larvae across the five major habitats. The analysis was
done from a correlation matrix of the 12 most common taxa pooled over the
sampling period to produce groups of species that presumably were responding to
the environmental variables in the same general way. Spearman rank correlation
was used to determine if site PCA position correlated with water depth, current
velocity, areal macrophyte cover, or areal canopy cover. Water depth and current
velocity for each site was based on average measurements recorded over the study.
Percent areal macrophyte cover and percent areal canopy cover were visually
estimated at five randomly selected locations at each site on 12 May 1984. Light
intensity within the open and closed canopy habitats was determined in March 1985
using a Lambda Instruments LI-185A light meter. For all statistical tests, null

hypotheses were rejected at p < 0.05.
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Results

Changes in water quality and water temperature

For most parameters measured, water quality did not vary appreciably
between locations and exhibited parallel seasonal changes at the three major
habitat regions within Steel Creek delta. Average annual values of selected physical
characteristics from the natural channel site were: pH 6.68, dissolved oxygen
6.65 mg/l, turbidity 5.4 NTU, total suspended solids 3.14 mg/l, specific conductance
73.1 umho/cm, and total alkalinity 13.14 mg/l as CaCOs.

Water temperature varied seasonally and changed concurrently at all sites
(Table 1.2; Figure 1.2), vbut temperature differentials were only slight for sites
within a habitat and between macrohabitat types. On average, only 2.4°C
separated the warmest and coolest macrohabitats with most between habitat
comparisons differing by less than 1.5°C. Over 16 weeks of study, however, most
between habitat comparisons of water were significant. Only for the two natural,
undisturbed swamp sites were no obvious differences in water temperature
demonstrated (Sign test, p>0.05). The disturbed structure site was consistently the
warmest followed by the disturbed channel, natural structure and channel, and

Lower Steel Creek having progressively cooler water temperatures.

Spatial and temporal patterns of ichthyoplankton occurrence

A total of 54 eggs (3 brook silverside Labidesthes sicculus, 7 American shad

Alosa sapidissima, and 44 unidentified) and 2,422 larval fishes were collected during

this study (Table-1.3). The overall mean total ichthyoplankton density was 252
individuals per 1000 m3. Within the Steel Creek delta, ichthyoplankton were first
collected in all habitats during early March (Figure 1.2). At the time of first capture,

water temperatures ranged from 10° to 13°C. Larval stages were present in each
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habitat throughout the spring, but only three additional individuals were collected
after the third week of June when water temperatures generally exceeded 23-25°C
at all sites. Although ichthyoplankton abundance fluctuated temporally, with a
series of recruitment pulses (ANOVA, time treatment p<0.001; Table 1.4, Figure
1.2), the temporal pattern of recruitment differed between habitats (ANOVA,
habitat*time interaction, p<0.001; Table 1.4). Timing of peak ichthyoplankton
densities differed by two to four weeks and occurred earliest in the disturbed
habitats, then Lower Steel Creek, and later in the natural structure and channel_
habitats. While generally paralleling the slight, but consistent temperature
differences between habitats, the temporal separation of the peaks in
ichthyoplankton abundance did not correspond to comparable temperatures
between habitats. Rather, timing of peak ichthyoplankton density was positively
correlated with a site’s water temperature over that week (r=0.71,df =10, p<0.01)
and also its cumulative degree days (above 0°C) (r=0.95, df =10, p<0.001) since
sampling first began.

Ichthyoplankton densities differed among regions with previously disturbed
areas of Steel Creek delta having the greatest mean abundance, Lower Steel Creek
being intermediate, and the natural, forested swamp region having the lowest
ichthyoplankton abundance (Table 1.3). Structured environments also had greater
ichthyoplankton densities than channelized environments except for those of
Lower Steel Creek. Despite these apparent differences, there was no significant
overall effect of major habitat type on ichthyoplankton abundance (ANOVA,
habitat treatment, p>0.25; Table 1.4). There were, however, consistent differences
among sites within habitats (ANOVA, sites within habitat treatment, p<0.001;
Table 1.4) with ichthyoplankton densities being higher in upstream (even numbered
sites except site 2) compared to downstream sites (Table 1.3). Variability of larval

abundance patterns among sites within habitats reflected the importance of local




Table 1.4. Analysis of variance tabie for tests of temporal and spatial

differences in total ichthyoplankton (eggs and larvae) abundance
Columns summarize the source of
variation, degrees of freedom, F-value, and significance level of the

within the Steel Creek delta.

F-test.

Source df SS MS F p
Habitat 4 32.76 8.19 1.57 >0.25
Time 31 96.10 3.10 13.43 0.001
Habitat*Time 124 106.64 0.86 3.74 0.001
Sites (Habitat) 7 37.31 5.33 10.08 0.001
Samples (Habitat*Time) 160 36.80 0.23 0.44 >0.25
Error 441 233.73 0.53
Total 767 543.34
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environmental heterogeneity on the distribution and abundance of. early life
history stages (Table 1.1). Within structured habitats, the uppermost sites were
typically in poorly defined channels with variable amounts of submergent and
emergent aquatic macrophytes. Lowermost stations were still in poorly defined
channels, but macrophyte coverage was reduced. For channelized.habitats,
including Lower Steel Creek, there was a trend for channel width, depth, and
velocity to increase in the downstream sites. Vegetation coverage was higher in
upstream channel sites except in Lower Steel Creek where aquatic macrophytes
were rare in occurrence. There were no significant differences in ichthyoplankton
density for replicate samples (ANOVA, samples within habitat and time treatment,
p>0.25; Table 1.4).

Two flood events, indicated by approximately a 1 m change in water level in
March and April-May, occurred during the major spawning interval within the SRSS
(Figure 1.2). Because of differences in timing of peak recruitment, there were no
significant correlations between mean ichthyoplankton density for pooled
collections and water level (r =0.01), water level the previous week (r=-0.19), or in
the weekly differential of larval abundance and weekly variation in water level
(r=0.18). For each habitat, the relationship between ichthyoplankton density and
water level, water level the previous week, or in the weekly differences in fish
density and water level fluctuation exhibited no consistent pattern. Only within the
natural channel was a significant relationship detected between larval fish density
and water level (r=0.45, df =31, p<0.01). Significant correlations also existed in
larval density and water levels the previous week in the natural channel (r=0.29,
df =31, p<0.05) and in weekly variation in larval density and water level for Lower

Steel Creek (r =0.35, df =30, p<0.05).
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Species composition

Seventeen taxa representing 10 families of fish were collected over the course
of this investigation (Table 1.3). Six taxa were collected in all major habitat types.
These were brook silversides, pirate perch, minnows, sunfishes, percids, and suckers.
An additionai four taxa (longnose gar, Alosa sp., cérp, and swampfish) were
collected on single occasions and generally were recorded from structured habitats.
While most of the larval fish assemblage was comprised of resident fishes,
anadromous clupeids (e.g., blueback herring, American shad) aiso used the SRSS for
spawning. Most of the clupeid larval stages were eggs collected throughout Lower
Steel Creek, but some eggs and larvae were also found in the disturbed and natural
structure habitats.

Despite being dominated (ca. 91% of the individuals) by just five taxa (suckers,

49.5%; percids, principally Etheostoma and Percina spp., 21.7%; sunfishes

(Enneacanthus, Elassoma, Lepomis spp.), 9.3%; minnows, principally Notropis spp.,

6.4%; and pirate perch, 4.2%), composition of the larval fish assemblage differed
among habitats (Table 1.3). Total species richness (the cumulative number of
species over all collections) differed more between, than within, habitats.
Structured environments, disturbed and natural, had the most species (x=9.5)
compared to the other habitat types (x=7.0, x=7.2, x=6.0 for disturbed channel,
Lower Steel Creek, natural channél, respectively). Thus, structured habitats
exhibited a greater faunal richness than the other sites even when the five taxa
constituting the core of the larval fish assemblage were not considered.

Principal components analysis provided an additional method of summarizing
covariation in species-abundance patterns between sites in the Steel Creek deita.
The first three axes of the analysis accounted for 79.3% of the total variance in the
species abundance matrix (Table 1.5). The first axis largely represented an

abundance gradient separating one of the disturbed, structure sites (10) from the

L]
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Table 1.5. Principal components analysis of major community/habitat
associations in 1984. The eigenvectors of the first three principal

components are given.

Taxa PCl PCHl PCill ~

Eigenvalue: 6.05 1.89 1.69

% variance: 50.4 15.8 131
Alosa aestivalis -.01 -.49 -.39
Alosa sapidissima -.10 -.02 .59
Dorosoma cepedianum .34 -.05 -.27
Esocidae .22 -.49 .04
Cyprinidae .40 .07 .03
Catostomidae .16 -.04 .60
Aphredoderous sayanus .39 .06 .09
Labidesthes sicculus -.01 .56 -.20
%ﬁwnansepaf nthus/ 40 | .01 -.05
Micropterus salmoides .39 A2 .01
Pomoxis spp. -.08 37 -.13
Percidae .40 15 01

+
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rest of the locations (Figure 1.3) because of its high loading scores of minnows,
pirate perch, centrarchids, and darters (Tabie 1.5). The second axis loaded heavily
on brook silverside, crappie (Pomoxis spp.), blueback herring, and Esox spp. Sites
located in the upper half of the plot tended to currently be undergoing post-
thermal recovery and sites previously unaffected by thermal discharges were in the
lower half. Lower Steel Creek had also been previously thermally affected, and was
located near the origin of the scatterplot. Compositional variability along PCA axis
I, therefore, reflected differences in environmental complexity and perturbation
regime. Both macrophyte coverage (progressing from sites of low to high
availability) and current velocity (faster to slower) were significantly associated with
this axis (Table 1.6). While not plotted, the third component distinguished sites
according to the abundance of clupeids (e.g., gizzard shad and blueback herring)
and suckers (Table 1.5). Thus, there was a gradual spatial change in species
composition and abundance between natural, forested habitats and disturbed,
marsh habitats and channelized to structured environments.

Recruitment of the numerically dominant species exhibited a seasonal
succession (Table 1.7; Figure 1.4). Chronology of recruitment was similar in all sites
with darters initially dominating the larval fish assemblage followed by a mix of
catostomids and pirate perch, and later by sunfish and cyprinids. Where specific

identifications could be made, lake chubsuckers (Erimyzon sucetta) were the

predominant component (>95% of the individuals) of the Catostomidae in the
Steel Creek delta. Similar to patterns of reproductive activity observed for overall
abundance, timing of first appearance and peak abundance differed between
habitats; spawning of pirate perch and lake chubsucker commenced earlier in
" disturbed areas than natural areas (Figure 1.4). Temporal separation of the peaks in
ichthyoplankton abundance did not correspond to comparable water temperatures

between habitats, but were correlated to the cumulative degree days (r=0.98,
¥
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Figure 1.3.
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Table 1.6. Spearman rank correlation coefficients for the test of the nuil
hypothesis that ranks of site position along ordination axes are not
associated with ranks of four environmental variables.* = null
hypothesis rejected (ranks significantly associated) at significance

level p<0.05.
Environmental variable Axis | Axis 11
Canopy cover 0.39 -0.50
Macrophyte cover 0.21 0.68*
Depth -0.53 -0.58
Current velocity 0.07 -0.64*
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Table 1.7. Continued
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Mean Ichthyoplankton Abundance by Taxa
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Table 1.7. Continued

NATURAL STRUCTURE
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n=5, p<0.01) in each,habitat. Since cyprinids, sunfishes, or darters could not be
positively identified to species, seasonal reproductive cycles of individual species
could not be discerned. However, even amongst these taxa groupings there was
still temporal separation of pulses in recruitment between habitats which paralleled
an earlier appearance in the post-thermal recovery areas and later in unaffected
portions of this portion of the SRSS (Figure 1.4). Thus, variability in the onset of,
and time of occurrence for, peak recruitment was apparently not the result of
differences in faunal composition between habitats, but reflected slight temporal

shifts in reproductive cycles between habitats.

Discussion

ichthyoplankton distribution and abundance differed among regions within
the Steel Creek delta region of the SRSS. Previously disturbed areas characterized by
extensive herbaceous marshes (>60% areal coverage) were more heavily used by
larval fish than sites within the natural cypress-tupelo forest (<20% areal coverage
by macrophytes). Only Lower Steel Creek, which serves as the main outlet channel
for water from this portion of the SRSS, had dénsities comparable to the disturbed
regions, but ichthyoplankton densities were high only at the site nearest the
swamp. Where information is available, other studies of larval fish distribution
patterns have also reported high concentrations of individuals in vegetated habitats
(Gregory and Powles, 1985; Floyd et al., 1984; Holland and Sylvester, 1983; Holland
and Huston, 1985). Similar observations for the importance of vegetated habitats
for juvenile and adult fishes (Hall and Werner, 1977; Werner et al., 1977;
Mittlebach, 1981; Werner et al., 1983; Rozas and Odum, 1987) have also reported
high concentrations of fishes in vegetated habitats. As many of the fish species
(e.g., suckers, sunfish, percids, brook silverside) within the SRSS are phytophils or

lithophytophils (Balon, 1975), the macrophytes provide an important spawning

L
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substrate and nursery area. For many riverine-swamp habitats, however, the
occurrence of herbaceous vegetation is patchy in distribution and in many cases are
restricted to only gap openings in the forest canopy.

The ichthyoplankton assemblage in Steel Creek delta was dominated by taxa
regarded as permanent freshwater residents. Several species of anadromous
clupeids were also present indicating some utilization of the SRSS as a spawning
area. Most of their spawning activity, however, appeared to be restricted to the
Lower Steel Creek channel. This observation would parallel reports that
anadromous cluepids spawn primarily along the surface in open areas, in deep
channels adjacent to shoals (such as present where water from the swamp first
enters Lower Steel Creek), or over extensive flats of shallow sand or pebbles near
creek mouths (Ulrich et al., 1979). Lower Steel Creek has also been recognized as an
important spawning tributary for anadromous fishes, particularly blueback herring,
within the Savannah River drainage (Paller et al., 1984).

Composition and abundance of the ichthyoplankton assemblage varied both
within and between habitats. Patterns of species richness reflect broad scale
changes in habitat heterogeneity with the greatest number of species found in
shallow, structured environments and fewer in less complex, channelized
environments. At the coarse macrohabitat scale, areal coverage of macrophytes
and current velocity between sites describe the gradient in environmental
conditions associated with prior disturbance events in this portion of the SRSS. As
determinants of habitat structural complexity, both are significant factors
accounting for inter-site differences in ichthyoplankton composition.
Compositional variability relative to either vegetation or current velocity probably
result from differential habitat availability affecting spawning success as most
species of adult fishes present in the SRSS are found in all regions of the Steel Creek

delta (Aho and Anderson, unpublished data; see Chapter {Il). Patterns of larval
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distribution and abundance may also be influenced by the structural characteristics
of the vegetation. Macrophyte composition within the herbaceous marsh are
dominated by several species of emergent plants, particularly Polygonum spp and
Hypericum spp. The dominant species in the forested habitat (e.g., Myaca,

Ceratophyllum) are architecturally complex, and even at low areal coverage may

impart enough physical structure to the habitat configuration to enable a subtantial
amount of recruitment to occur. These observations concur with findings from
estuarine and other freshwater systems (Heck and Orth, 1980; Coen et al., 1981;
Rozas and. Odum, 1987) indicating structural complexity as a major factor
influencing habitat utilization. The importance of local habitat complexity
influencing the distribution and abundance of larval fish probably also contributed
to the lack of demonstrable differences between major habitat types.

The use of vegetated areas probably also functions as a refuge and important
substrate for food resources. Recent laboratory and field studies of estuarine (Coen
et al., 1981; Heck and Thonan, 1981) and freshwater (Hall and Werner, 1977;
Crowder and Cooper, 1982; Savino and Stein, 1982; Werner et al., 1983) habitats
have shown that aquatic vegetation provides protection to small fishes by reducing
foraging efficiency of large predators. Occupation of these habitats may also
increase the availability of food. resources by providing greater standing crops of
invertebrates per unit area (Menzie, 1980; Gilinsky, 1984). Small invertebrates (e.g.,
insects and zooplankton) may be an important food to many species of larval fish
(e.g., Turner, 1977; Mills et al., 1985). Menzie (1980) found that the fish food
potential was increased substantially by the presence of macrophytes in the lower
Hudson River. Although <2% of the total area of a habitat was vegetated, Menzie
(1980) estimated that submerged aquatic vegetation produced 14 to 25% of the
total chironomid standing crop. In the present study, numerous amphipods,

chironomids and other insect larvae, and cladocerans were observed on the stems
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and leaves of vegetation during sample processing (personal observations). Thus,
growth rates and survivorship in this critical life history period would probably be
higher in vegetated areas.

Duration and timing of the period of reproduction are two critical
components of an organism's life history strategy. The variability in reproductive
periodicity and timing of peak recruitment between habitats, however, presents
some interesting problems for the comparative study of life history strategies.

Based on data for many species of temperate zone fishes, water temperature
and photoperiod influence the timing of reproduction (Lam, 1983). The seasonal
pattern of recruitment within Steel Creek delta also supports temperature and/or
photoperiod, as proximate mechanisms controlling reproduction. However, the
slight differences in either factor, or water quality, between habitats cannot
completely account for the observed pattern of earlier recruitmentin the disturbed
habitats compared to other regions of the swamp. Rather, the shifts in reproductive
periodicity in the different habitats is believed to result from fish responding to
small-scale differences in food availability and suitability of spawning sites. Within
Steel Creek delta, changes in the areal coverage and biomass of aquatic
macrophytes varied seasonally and between habitats (Smith et al., 1981; Dunn and
Sharitz, 1987; Aho et al., personal observations). Although present year round,
vegetation growth occurred earlier and was more expansive in the disturbed
habitats. Data on seasonal changes in macroinvertebrate abundance or biomass are
not available, but based on annual estimates, macroinvertebrate abundance was
substantially greater in the open-canopied habitats compared to sites within the
natural swamp forest (Kondratieff and Kondratieff, 1985). Taken together, the
temporal shifts in reproductive activity appear to coincide with periods when
resource availability (food or spawning substrate) may be high. Variation in light

intensity (ca. 10% differential in March) between habitats probably contributed to

L

35



reproduction, but indirectly through its influence on plant growth. Similar patterns
of maximum abundance of juveniles and adult fishes in vegetated areas coinciding
with periods of peak plant biomass have been reported in other freshwater (Kemp
et al., 1984; Rozas and Odum, 1987) and marine (Munro et al., 1973; Kock, 1982)
systems.

Since our study was limited to a five-month period within a single year, little
information is available on long-term temporal variations in recruitment patterns.
We are certain, however, that these occur. For example, changes in year class
strength and growth rates for several species of fish have been linked to variability
in the timing, intensity, and duration of floods in both tropical and temperate river
systems (Welcomme, 1979; Ross and Baker, 1983). Observations made in other
river-swamp systems indicate an increased upstream migration and lateral_
movement of fish into backwater and floodplain habitats with increasing water
levels associated with flood cycles during periods of spawning activity (Netsch and
Witt, 1962; Johnson, 1963; Hassler, 1970; Fraser, 1972; Ross and Baker, 1983).
Periods of high water appear to promote growth and establishment of high
population sizes whereas periods of low water level usually coincide with reduced
fish abundance patterns. Utilization of floodplain habitats could provide greater
nutrient and habitat availability for reproduction and larval growth at a time when
energy demands from gonadal development and rising water temperatures would
be increasing. It is also apparent that each species responds differently to these
factors and assemblage composition can change over short periods of time (e.g.,
Starrett, 1951; Carlson and Duever, 1976; Kushlan, 1976; Moyle and Li, 1979;
Welcomme, 1979; Grossman et al., 1982; Ross and Baker, 1983). The role of river-
swamp habitats as spawning and nursery areas has been suggested by Christiansen

and Smith (1965) and Guillory (1979).
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Changes in water level may also result in the loss of larvae from a floodplain/
backwater system. Collections made within Steel Creek delita indicated a
correlation between water level, or weekly changes in water level, and
ichthyoplankton density only in Lower Steel Creek and natural channel habitats.
For the natural channel habitat, the correlation between water level and fish
density suggests ichthyoplankton were being transported downstream away from
structured habitats during periods of rising water level. The correlation of water
level variability and ichthyoplankton density in Lower Steel Creek also supports the
hypothesis of increased downstream transport of larvae. Based on channel
morphology (e.g., fast current velocity, rare aquatic vegetation) and species
reproductive habits, however, only the clupeids are thought to spawn in Lower
Steel Creek with the majority of ichthyoplankton collected being individuals
transported out of the main body of the swamp. Similar observations of increased
transport of larvae accompanying changes in water level have been made in other
river-swamp wetlands (Gallagher and Connor, 1980) and along stream margins
(Olmsted, 1981; FLoyd et al., 1984). While the downstream transport of
ichthyoplankton could potentially represent a major loss of larval stages from the
SRSS, fringing river-swamp systems may function as important spawning grounds
for fish populations in larger rivers such as the Savannah River.

Accompanying the restart of L-Reactor, water levels and flow rates in
structured areas should increase. One proposed outcome of these changes may be
that assemblage structure in shallow, structured areas will become more similar to
communities of nearby channels. Higher flows will shift the assemblages in
structured habitats from darters, pirate perch and sunfish to dominance by lake
chubsuckers and brook silversides. Increased flow may, however, increase
downstream displacement of larval fish unable to find shelter, which could
contribute to a loss of system productivity (Olmsted, 1981). Itis unclear how species
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composition might change if flow erodes substrates or alters macrophyte growth,
butichthyoplankton densities should be substantiaily reduced in these areas.
Warmer temperaturés following reactor operations should also accelerate
spawning of many species. It is highly probable that increased water temperatures
will have other direct and indirect effects on reproductive activity as evidenced
through changes in larval fish dynamics (Lam, 1983). Elevated temperatures may
alter the timing and sequence in which species reproduce. Consequently, larvae and
eggs may be present during periods of low resource availability; this would be an
example of the match-mismatch hypothesis affecting recruitment success (Frank.
and Leggett, 1982). Direct thermal effects may also simply increase mortality rates
by exqeéding physiological threshold limits. These thermal effects may alter
community structure more than the increase in water flow. Since larval densities
change quickly in the natural habitats, densities must be measured frequently over
the spawning season to correctly evaluate the effects of environmental

disturbances.

Conclusions
Larval fish were studied from February through August 1984 in three regions in

the SRSS: (1) Lower Steel Creek, (2) post-thermal recovery areas, and
(3) undisturbed areas of cypress/tupelo forest. From the post-thermal and
cypress/tupelo regions, two habitat types were sampled: shallow, structured and
deep, channelized habitats. The objectives of the study were (1) to describe spatial
and temporal patterns of larval fish distribution and abundance and (2) to correlate
effects of prior habitat modification on larval fish recruitment patterns.
Conclusions of the study are summarized below.

® Larval stages of 17 taxa were most abundant from March through May in all

habitat sites.
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® Larval fish densities at all sites fluctuated temporally with a series of

recruitment pulses.

® Occurrence of peak larval abundance differed significantly by two to four
weeks between habitats. Peak larval densities occurred earliest in sites from
the post-thermal recovery region, and later in Lower Steel Creek and sites
within the undisturbed cypress/tupelo forest.

® Slight, but consistent differences in water temperature were found between
most habitats in Steel Creek delta. Temporal separation of the peaks in
ichthyoplankton abundance, overall and for several of the dominant taxa,
did not, however, correspond to the occurrence of comparable temperatures
between habitats. Instead, the shifts in the timing of reproductive activity
followed progressively increasing water temperatures between habitats;
early peaks in abundance occurred at cooler temperatures compared to peaks
recorded later in the spring. Water level was significantly correlated with
larval fish density in channel sites within the cypress/tupelo forest and Lower
Steel Creek.

® Densities of larval fish varied among regions with disturbed sites having the
greatest mean larval abundance, Lower Steel Creek intermediate, and sites
within the undisturbed cypress/tupelo forest having the lowest larval fish
abundance. The increased abundance of herbaceous plants in the disturbed
areas is likely a major reason for the higher densities. Within each region,
shallow, structured habitats also consistently had greater numbers of
ichthyoplankton than channelized habitats. However, the differences in
larval abundance between sites within habitat and shifts in the timing of
reproduction probably prevented detection of significant differences in
ichthyoplankton abundance between the five major habitat types within

Steel Creek delta.
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¢ Shallow, structured habitats in both disturbed and natural regions of the
SRSS had the most species of larval fish compared to other habitats. Common
taxa groups were brook silverside, pirate perch, minnows, sunfishes, percids,
and suckers. Anadromous clupeids also used the SRSS for spawning with
most activity in the Lower Steel Creek channel or adjacent swamp habitats.

Recruitment of the numerically dominant species exhibited a seasonal
succession. Chronology of recruitment was similar in all sites with darters
initially dominating the larval fish assemblage followed by a mix of lake
chubsuckers and pirate perch, and later by sunfish and cyprinids. Spawning
of pirate perch, sunfish, minnows, and suckers generally commenced earlier

in disturbed sites than natural sites.
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Introduction

Wetland habitats have unique biological, ecological, and hydrologic
characteristics. The integrity of these habitats is, however, becoming increasingly
disrupted for purposes ranging from wastewater treatment to aquaculture.
Included among these uses is the mitigation of thermal effluents from power plants
and other industrial facilities. Many of the biological effects of thermal alteration
on aquatic ecosystems have been summarized by Gibbons and Sharitz (1974),
Coutant and Talmage (1976), Esch and McFarlane (1976), Thorp and Gibbons (1978),
and McCort (1987). From a fish population and community perspective, studies
have examined the effects of thermal loading on movement patterns (e.g., Neill and
Magnuson, 1974; Stauffer et al., 1976; Spigarelli et al., 1982; Block et al., 1984;
Roosenburg et al., 1988), survivorship and growth (Hutchinson, 1976; Coutant and
DeAngelis, 1983; Kellogg and Gift, 1983; Wrenn, 1984), metabolic processes (Rice et
al., 1983), and species diversity patterns (McErlean et al., 1973; Parker et al., 1973;
McFarlane, 1976). Other studies have examined the importance of thermai
influences on interactions among different fish species for food or space and the
importance of temperature as a resource (Magnuson et al., 1979; Brandt et al.,
1980; Block et al., 1984; Janssen and Giesy, 1984). In contrast, comparatively little is
known regarding effects of elevated water temperatures on reproductive cycles and
the early life history stages of most fishes.

In a cypress-tupelo floodplain forest in South Carolina, the Savannah River
Swamp System (SRSS), extensive environmental temperature gradients are
established from heated effluents discharged from two nuclear production
reactors. Fish are not found in areas of extreme water temperatures (>45°C), but
are distributed along thermal gradients as water meanders through the swamp and
cools to regionally ambient values. The heterogeneous environment created by the

reactor effluents simulate gradients commonly used in laboratory experiments to
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examine fish responsiveness to temperature (e.g., thermal preference: McCauley
and Huggins, 1979; Reynolds, 1977), yet retains many of the diverse biological and
physical characteristics of a fish's environment. These environmental temperature
gradients, therefore, allow for field comparisons over short geographic distances to
examine factors influencing reproductive activity in fishes.

The objective of this study was to characterize the effect of thermal alteration
on fish reproductive cycles and the distribution and abundance of their early life
history stages in a South Carolina river-swamp ecosystem, the Savannah River
Swamp System-(SRSS). Pertinent to this objective, two questions are addressed: (1)
Do density, species composition, and timing of reproduction vary between areas of
different thermal characteristics? and (2) Do patterns of species seasonal succession
vary across environmental temperature gradients? The study also summarizes
annual variability in recruitment for 1984 and 1985, and contrasts larval fish
assemblage structure between years of different water level to test the hypothesis
that water level does not influence species composition or abundance. The
observed patterns will be useful in predicting how water level and temperature
fluctuations of ca. 0.5 m and 3-5°C associated with the restart of a nuclear reactor
production facility, L-Reactor, will have on larval fish dynamics. Together, these
findings should provide additional information assessing fish spawning, location of

nursery areas, and thermal impacts on reproductive processes across the SRSS.

Study Areas
The Savannah River Swamp System (SRSS) is a 3200 ha floodplain forest located
along the Savannah River on the U.S. Department of Energy's Savannah River Plant
(SRP), in South Carolina (Figure 2.1). Vegetation in this wetland is composed of

second-growth stands of bald cypress (Taxodium distichum) and water tupelo (Nyssa

aquatica) that were logged near the turn of the century and mesic hardwood stands
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Figure 2.1. Map of the SRP showing sampling sites along thermal plumes.
Stations 1 to 5 were thermal areas numbered from hottest to
coolest. Stations 1 to 3 were in the Four Mile Creek thermal
plume; stations 4 and 5 were in the Pen Branch thermal plume.
Within Steel Creek, stations 8 and 12 were in natural forested
areas while stations 6 and 10 were located in previously
disturbed areas with reduced overstory canopy.
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on old river levees. Since 1954, water pumped from the Savannah River has been
periodically used as a source of cooling water for three reactors with heated
effluents discharged into three major tributary streams flowing into the SRSS
before draining into the Savannah River. Prior to 1954, each stream had a discharge
rate <2.0 m3/s; current thermal discharges average 11.3 m3/s and water
temperatures typically exceed 40°C where the streams enter the swamp. Elevated
temperatures, water levels, and increased sedimentation associated with reactor
operations have resulted in degradation of both canopy and understory vegetation
in the vicinity of each stream mouth (Sharitz et al., 1974). Limited mortality,
principally of mesic hardwoods, has also occurred over about 50% of the swamp
(Sharitz et al., 1974).

Two of the streams, Four Mile Creek and Pen Branch, continued to periodically
carry heated discharges into the SRSS in 1985 (Figure 2.1). Approximately 60% of
the discharge released into Four Mile Creek goes directly to the Savannah River
through a break in the river levee. However, some flow, as well as all flow from Pen
Branch, moves laterally through the swamp in shallow (typically <2m deep)
channels before entering the Savannah River through a second break (Lower Steel
Creek) in the natural river levee. The third stream, Steel Creek, received thermal
effluents from 1954 to 1968, and since that time has had regionally ambient water
temperatures and flows. Although undergoing post-thermal recovery for almost 20
years, the disturbed area near the mouth of Steel Creek still lacks development of
an overstory canopy. In areas where trees had been killed in the vicinity of the Steel
Creek delta, herbaceous marshes and open water channels are the dominant
habitat type; natural cypress-tupelo forests still exist in regions where there was no
thermal impact.

Reactor operations have also altered the hydrology of this swamp system such

that natural draw-downs in water level have virtuaily been eliminated except

t
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during periods of drought. Water levels currently fluctuate between 10 cm and 1.5
m above the substrate surface depending on reactor operation schedules (Repaske,
1981). Variability in SRSS water levels are also influenced by flood control dams
located upstream of the SRP on the Savannah River. Controlled releases of water
from these dams now directly influence the magnitude and timing of floods in the

SRSS (Sharitz et al., 1986).

Methods

Within the SRSS, nine sampling stations were established to determine the
influence of temperature on composition and phenology of larval fish assemblages
(Figure 2.1, Table 2.1). Criteria used for site selection was based on current
temperature regime and prior history of environmental perturbation from SRP
operations. Five stations were located along thermal plumes originating from Four
Mile Creek and Pen Branch and represented habitats with water temperatures
ranging from ca. 2-19°C above ambient. These sites have been numbered 1-5, from
hottest to coolest along the gradient. Four more stations were selected near the
mouth of Steel Creek and represent previously disturbed and natural forested
swamp habitats. Previous studies on larval fish population and assemblage
dynamics had been conducted in this region (Aho et al., 1986; see Chapterl), so
original site desigﬁations have been retained for reference. These included:
(a) Station 6, located adjacent to a channel flowing through the thermaily disturbed
area where overstory canopy had been destroyed; (b) Station 8, located on a
channel flowing through a previously unimpacted portion of the swamp; (c) Station
10, a shallow backwater area from the previously disturbed area; and (d) Station 12,
a shallow backwater in the natural cypress-tupelo forest. Within Steel Creek,
therefore, habitat conditions contrast disturbed/undisturbed and fast/slow current

velocities (Table 2.1).
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Spatial and temporal changes in ichthyoplankton abundance: and water
temperature associated with the appearance (e.g., first date of appearance, mean
julian day for the interval a taxa was present at a site) of varioys larval fish taxa
were determined by weekly sampling at each station. Samples were taken from the
second week of January through the fourth week of July in 1985, Exceptions
occurred when natural low water levels, or change in water levels associated with
cessation in reactor operations, prohibited access to certain sites. Specifically,
sampling was not possible at Stations 1 to 3 during the 24th week and after week
25, for weeks 26, 27, and 29 at Stations 4 and 5, and during weeks 26 and 29 at
Stations 6, 8, 10, and 12.

At most stations, three replicate samples were taken from each of two
microhabitats (shallow, vegetated areas and deeper, open-water habitats). Samples
were collected using a high-volume centrifugal pump to filter 15.3 m3 of water
through a 0.505 mm mesh conical (0.5 m wide mouth, 2.5 m long) plankton net
trailed into the water and Positioning it so it ‘ballooned’ to minimize abrasion to
€ggs and larvae. Pump discharge rates (1.5 m3/minute) were calibrated against
known volumes of water before collections began. All collections were consistently
taken at a depth of 10-30 ¢m, and replicate samples within a microhabitat (shallow
or channel) were €a. 3-5 m apart; greatest distance separating all samples within a
site was generally less than 50 m. Channel samples were not taken at Stations 10
and 12 because this habitat type was not present in these backwater areas. Pump
characteristics and cautionary notes are similar to those outlined in Chapter I.
Pumping rate was slightly higher, compared to 1984 collections, to enable greater
number of replicate samples to be taken per site and microhabitat and be of similar
total volumes. All samples were taken in the daytime between 0900 and 1430

hours.
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Upon collection, all samples were immediately preserved in 5% formalin
containing Phloxine B stain. Larvae and eggs were enumerated and identified to
the lowest possible taxonomic level foilowing keys by Auer et al. (1982), Hogue et
al. (1976), and Wang and Kernehan (1979). Further recognition of the early life
history stages of described and undescribed species was based on specimens (e.q.,

redbreast sunfish Lepomis auritus, spotted sunfish L. punctatus) raised in the

laboratory for ancillary projects.

Temporal and spatial variability in the total densities of eggs and larvae were
analyzed separately by microhabitat to permit a balanced analysis of variance
(ANOVA). Weeks with incomplete sampling were excluded from the analysis. Total
ichthyoplankton densities (eggs and larvae) were transformed by In (x + 1) before
analysis because the assumption of homogeneity of variance was not originally met.
Criteria for choice of transformation is given in Downing (1979). Use of
nonparametric analyses included rank correlation to determine relationships
between temperature and mean density and sign tests to examine for trends in
timing and accompanying temperature of appearance for larval fish recruitment
patterns in the SRSS. All statistical analyses were done using either SAS (1985) or
followed procedures outlined in Sokal and Rohif (1981) or Snedecor and Cochran
(1980); significance levels were p<0.05.

Covariation in taxa abundance across habitats sampled in 1985 were examined
using a principal components analysis (PCA) as a method of describing spatial
variability in assemblage structure. The analysis was done from a correlation matrix
of pairwise comparisons at the nine stations (Pielou, 1984). Outlying samples
containing large numbers of larvae (>200 fish from a sample) were winsorized
(replaced by their neighboring values; Sokal and Rohlf, 1981) before yearly totals
were recomputed for PCA. A second PCA incorporating ichthyoplankton data from
stations 6, 8, 10, 12, and sites in Lower Steel Creek in 1984 was also done to

¥
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summarize temporal variation in the distribution and abundance of larval fish
assemblages between years. Because several taxa collected in 1984 were not

identified beyond the family level, samples from 1985 were pooled into the same

taxonomic groups.

Water temperatures were measured using continuous recording
thermographs (Ryan Model J, Ryan Instruments) at each station. Seasonal changes
in water temperature among sampling stations were summarized using quadratic
regressions (Sokal and Rohif, 1981) of water temperature over time in order to
account for changes in weather conditions or reactor operations. Use of this
predicted trend, rather than actual values, should better reflect long-term
environmental conditions experienced by both spawning adults and early life
history stages.

Fluctuations in water levels in the SRSS were recorded by gauges located in the
disturbed channel and disturbed shallow areas near the mouth of Steel Creek (M. C.
Coulter and K. W. Dyer, Savannah River Ecology Laboratory, unpublished data). For
this study, gauges were standardized based on water levels recorded during floods
in 1984. Water quality records were also taken near Stations 6 and 8 and in the
thermal plume at the mouth of Pen Branch, and in the Four Mile Creek swamp near
its confluence with the Savannah River as part of an extensive monitoring program

(Newman, 1986).

Results
Changes in water temperature and water quality
Although water temperatures were consistently higher for sites along the
thermal plumes in the SRSS, seasonal changes were still pronounced and nearly
coincident between thermal and nonthermal areas (Figure 2.2A; Table 2.2). Daily

fluctuations occurred at all sites because of changes in air temperature and cloud
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Figure 2.2.
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Temporal changes in physical conditions in the Savannah River
Swamp System. A) Seasonal trends of water temperatures at
the five thermal and four nonthermal sampling stations. B)
Changes in swamp waters in 1984 and 1985 based on
measurements taken in Steel Creek delta. C) Periods of hot
(high flow) and cold (low flow) reactor discharges down the
Pen Branch and Four Mile Creek tributaries in 1985.
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cover, but along the thermal plumes, water temperatures also varied in response to
changes in reactor operations. At Stations 1-3, water temperatures were observed
to change at a rate approximating 1°C per hour. Temperature change associated
with initiation and cessation of reactor operations were more gradual at Stations 4
and 5 because of their distance from where water first enters the SRSS and the
mixing of cooler water originating from Four Mile Creek. Periodicity of reactor
discharges released into Pen Branch and the SRSS were, however, more variable
creating a highly fluctuating hydroperiod and thermal environment compared to
Four Mile Creek (Figure 2.2 B, C; Table 2.2). Among the nonthermal sites,
temperatures typically varied 3-5°C daily in Steel Creek deita with differentials of
7-8°C frequently recorded over a 24-h period. The most extreme fluctuations in
water temperature occurred at Station 10, the shallow disturbed area with minimal
canopy insolation. A maximum difference of 20°C was recorded over a two-week
period in late January associated with a period of prolonged cold temperatures.

No substantial differences in water quality parameters, other than
temperature, could be detected at sites in the mouth of Pen Branch, Four Mile
Creek, the natural, forested and disturbed, open-candpied stations, as well as Lower
Steel Creek which carries water from Steel Creek delta to the Savannah River
(Newman, 1986). Dissolved oxygen levels differed between locations, but were
usually >70% saturation. Ranges of selected parameter values recorded biweekly
from January through August 1985 were: pH 5.7-9.2, DO 5-12 mg/l, turbidity 1.3-
57.4 NTU, total suspended solids 0.25-36.7 mg/l, specific conductance 38.4-98.3
pmho/cm, and total alkalinity 7.7-26.4 mg/l as CaCOs.

Ichthyoplankton distribution and compaosition

A total of 168 eggs (2 Catostomidae, 24 brook silverside Labidesthes siccuius,

142 unidentified) and 6,819 larval fishes were collected during this study; overall

t

59

S em——



mean total ichthyoplankton density across the SRSS was 417.4 + 135.6 per 1000 m3
(Table 2.3). Grouping different stations into general regions (e.g., 1-3 belong to
Four Mile Creek, 4-5 were Pen Branch, and the remainder, Steel Creek), all major
taxa of ichthyoplankton were found throughout the SRSS. At stations 1-8 where
equal sampling efforts were made in both channels and adjacent shallow,
vegetated habitats, there was no qualitative difference in the composition of the
ichthyoplankton assemblage. Of the19 identifiable ichthyoplankton taxa collected

over the 29 week sampling interval, only pirate perch (Aphredoderus sayanus), lined

topminnow (Fundulus lineolatus) and the four rarest taxa (Ictaluridae, swampfish

Chologaster cornuta, tesselated darter Etheostoma olmstedi, and gizzard shad

Dorosoma cepedianum) were not recorded from the channel microhabitat.

Microhabitat was, however, an important determinant of ichthyoplankton
abundance (Table 2.4). Greater than 95% of the total density of ichthyoplankton
were collected from shallow, vegetated habitats. Only at station 5 was the
proportional abundance of larval stages in the deep, channel microhabitat higher;
nonetheless, the density was still greatest in the shallow, weedy areas.

Total ichthyoplankton density varied seasonally at each station (ANOVA, time
treatment, F22,412 = 9.98, p < 0.001) (Figure 2.3; Tables 2.5 and 2.6). Densities
were low at the onset of sampling with larval stages only being recorded from
stations 3 and 10 in the first week of collections. Occurrence and abundance of
ichthyoplankton then generally increased in a series of recruitment pulses during
spring before becoming. less numerous over late June and July irrespective of
location. While influenced mainly by recruitment patterns in the shallow,
vegetated microhabitat because of the differential ichthyoplankton density, a
similar pattern of seasonality was also observed in the channelized microhabitat.
The interval of s_ampling, therefore, included the major period of fish reproduction

in the SRSS.
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Figure 2.3. Seasonal changes in mean total ichthyoplankton density at

each station during January to July 1985. Mean densities were
computed from the total number of fish per sample and
plotted on a log scale. Broken lines show intervals when
weekly samples were not taken. Stations 1-5 were thermal
areas, 6 and 10 were post-thermal recovery areas, and 8 and 12
were natural forested cypress/tupelo forest swamp areas.
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Table 2.6. Results of analysis of variance for spatial and temporal
differences in ichthyoplankton density for sites in the Savannah
River Swamp System. To permit balanced ANOVA data on
microhabitat were analyzed separately with emphasis on the
shallow, vegetated habitat because of its greater abundance of

ichthyoplankton.

df SS MS F p

Shallow, vegetated microhabitat
Site 8 50.67 6.34 9.60 <0.0001
Week 22 14.91 6.59 9.98 <0.0001
Site * Week 175 394.96 2.26 342 <0.0001
Error 412 271.89 0.66

Total 617 862.45
Deeper, channelized microhabitat
Site 6 8.23 1.37 9.13 <0.0001
Week 22 9.96 0.45 3.00 <0.0001
Site * Week 132 31.51 0.24 1.60 0.0007
Error 322 48.95 0.15

Total 482 98.65
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Seasonal changes in ichthyoplankton density, however, differed between the
nine sampling stations (ANOVA, time*station interaction, Fi75.412 = 3.42, p<0.001)
(Figure 2.3; Tables 2.5 and 2.6). Occurrence and recruitment of substantial numbers
of larval stages began earlier in the hottest stations (1-2), with an advancement in
spawning time observed even at temperature differences of ca. 2°C above regional
ambient values. Temporal shifts in the timing of peak ichthyoplankton density were
also evident with about an eight-week difference separating the warmest site
(Station 1) and a natural, forested site within Steel Creek deita (Station 8)
. (Figure 2.3; Table 2.5). Densities at the remaining thermal (2-5) and post-thermal
recovery sites (6 and 10) peaked within this time interval; however, most
recruitment occurred earlier in the warmer stations. Similar to patterns observed
for the onset of recruitment in the nine sites, spawning activity declined and
appeared to end earliest in the warmest areas. Ichthyoplankton were present over
a longer period of time at the remaining sites, but at low levels, until sampling
ceased.

Temporal variation in reproductive activity was also evident on a smaller
spatial scale within areas of the Steel Creek delta (Stations 6, 8, 10, and 12). Timing
of peak ichthyoplankton recruitment occurred two to four weeks earlier in the
previously disturbed areas, where canopy trees had been killed, than in the natural,
forested areas of the swamp (Table 2.5, Figure 2.3). Variability in timing of
recruitment was not due to either faunal differences in the ichthyoplankton
assemblage between sites within Steei Creek (Table 2.3) or to differences in
seasonal phenology of the major taxa (Table 2.7). Regardless of site, chronology of
recruitment was similar with darters initially dominating the larval fish assemblage

followed by lake chubsucker (Erimyzon sucetta), pirate perch, and banded pygmy

sunfish (Elassoma zonatum) at approximately the same time, and later by brook

silversides, other centrarchids and cyprinids overlapping during spring to early




summer (April through July) (Table 2.7). Where larvae were collected early in the
sampling interval (e.g., Station 10, 12), only specimens of pickerel, Esox spp., were
recorded. As all individuals were either late metalarvae or recently transformed
juvenile developmental stages in January, the spawning period for pickerel was
thought to be early winter.

Comparing patterns in the mean date of appearance and mean water
temperature of occurrence with reproductive phenology of the different taxa
present in the thermal areas to patterns observed in Steel Creek delta, however,
some important differences were apparent. Although each site except Station 1
experienced similar ranges of water temperature during periods of reproductive
activity, the observed shifts in recruitment did not correspond to the occurrence of
comparable water temperatures between sites. Instead, the temperature at which
a taxon occurred differed between thermal, post-thermal recovery, and natural
forested regions with larvae of each of the 12 common taxa (within all three
regions and at least present in two weeky samples from a region) being found at
significantly warmer temperatures in the thermal areas (Stations 1-5) than in either
natural, forest swamp areas (Stations 8, 12) or previously disturbed habitats
(Stations 6, 10) in Steel Creek (sign test, p<0.05 both comparisons) (Table 2.8). For
sites within Steel Creek delta, there was no demonstrable difference in mean water
temperature between disturbed, open-canopied habitats and natural,
cypress/tupelo forest habitats for when the different taxa were present (sign test,
p>0.15). The mean date of taxa occurrence was also not different between regions
within Steel Creek possibly because of the longer reproductive period (sign test,
p>0.10), but there was a trend for each taxa to appear earlier in the disturbed
habitats (Table 2.7, 2.8). This observation would also be consistent with
observations of shifts in the timing of peak recruitment between stations in Steel
Creek delta. Thus, in addition to larvae from the thermal areas being found

¥
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consistently earlier in the reproductive period (sign test, p<0.05; Table 2.8), they
were also found at warmer temperatures than the same taxa from nonthermal sites.

There were also important differences in reproductive phenology between
thermal and ambient temperature areas. Most pronounced was an alteration in the
seasonal succession of taxa recruitment into the larval fish assemblage (Table 2.7).
The following species were collected concurrently at Stations 1 and 2 by the first
week of February when total ichthyoplankton densities were beginning to rise:
larval cyprinids of several unidentified taxa (but mostly Notropis spp.), goiden
shiner. (Notemigonus crysoleucas), brook silversides, and sunfish. Other species,
such as pirate perch and banded pygmy sunfish, were found later. The low density
of larvae in the first week of sampling and progressive increase in total density over
the next several weeks suggested that many of the typically spring- or summer-
spawning species (e.g, cyprinids, centrarchids) began to reproduce in thermal areas
by early January. While some fish species may possibly have been capable of
spawning during fall and early winter in thermal areas, the taxa affected most by
elevated temperature regimes represented a major component of the ichythyo-
plankton assemblage in the SRSS (Table 2.3). .Thus, taxa of larval fishes that usually
did not co-occur now overlapped temporally. Phenology of species succession was
also altered at the remaining thermal sites, but the degree of species overlap and
asynchrony was not as pronounced.

Total ichthyoplankton densities differed between sampling stations (ANOVA,
location treatment: Total density, Fg 412 =9.60, p < 0.001, Tables 2.3 and 2.6).
Because densities were higher in thermal areas early in the year, but greater in
nonthermal areas later, it is hard to summarize overall density differences between
stations. Some insight into density differences between areas is possible, however,
by examining the mean density of ichthyoplankton collected in each area, although
there is no statistical replication at that level (Table 2.3). Overall, mean
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Table 2.7. Continued.
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Table2.8. Mean time of occurrence and mean water temperature for
when larval stages of 12 common fish taxa were collected
between thermal stations (1-5), natural areas (8, 12), and post-
thermal recovery areas (6, 10). Comparisons are made to
detect differences between areas in the timing and
temperature for the appearance of ichthyoplankton. Julian
date and predicted seasonal warming curves were used to
compute time and temperature relationships for the different
taxa in the nine areas of the Savannah River Swamp System.

Mean Julian Day / Mean Temperature (°C)

Thermal areas Natural areas Canopy removed

(1-5) (8.12) (6,10)
Cyprinidae 88/23.0 136/21.6 131/21.4
Golden shiner 80/23.3 89/16.9 96/18.5
froncolor shiner 91/23.3 135/21.6 135/22.1
Lake chubsucker 61/24.3 111/19.4 99/18.4
Pirate perch 78/18.3 102/18.3 85/17.4
Brook silverside 96/23.7 135/21.7 127/21.5
Banded pygmy sunfish 72/19.3 93/17.3 97/18.6
Bluespotted sunfish 147/27.8 150/22.8 147/23.0
Lepomis spp. 101/23.9 . 152/22.7 151/23.5
Spotted sunfish 155/28.6 152/23.1 172/24.5
Largemouth bass 88/23.8 119/20.1 113/20.5
Percidae 68/18.8 90/16.7 90/17.6
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ichthyoplankton density was consistently low at all five thermal sites compared to
sites within Steel Creek, except Station 12. Within the thermal regions, there was
no relationship between abundance and a site's rank order of mean water
temperature (Spearman Rank Correlation, r =-0.20,n = 5, p>0.50). For Steel Creek
sites, abundance of larval stages varied spatially with previously disturbed regions
having the greatest density of ichthyoplankton. Larval densities were comparable
between both previously disturbed sites. The discrepancy between Station 12 and
the other sites was apparently not related to its suitability as a spawning site as eggs
were present and ichthyoplankton densities had begun to increase during March.
Instead, the reduction in ichthyoplankton densities after this initial increase were
most likely associated with the reduction in water levels during April (Figure 2.2B)
that exposed areas of silt/mud substrate and submergent vegetation. Low water
levels also reduced habitat availability in the disturbed shallow areas (Station 10),
but spawning continued, and larvae were probably concentrated, due to the
presence of isolated pools.

Except for lake chubsucker and blue-spotted sunfish (Enneacanthus gloriosus),

larvae of the common taxa were present across aII- three geographic sampling
regions (Four Mile Creek, Pen Branch, Steel Creek), but their contribution to
assemblage composition differed (Table 2.3). Between-site variation in composition
was recognizable using principal components analysis (Table 2.9A, Figure 2.4). The
first three axes of this analysis explained 83% of the overall variance contained in
the distribution of taxa among sites. The first axis, responsible for the greatest
amount of variance, emphasized the similarity among thermal sites and differences
between the Steel Creek sites. The separation of sites represented a disturbance
gradient based on the abundance of sunfish, pirate perch, pygmy sunfish, brook
silversides, and cyprinids. The second and third axes described differences between
natural and disturbed portions of the Steel Creek portion of the SRSS. Axis 2

¥
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Table 2.9,

Loadings of ma

jor fish taxa on three com

a principal components analysis of ove

densities per sa

mpling station.

Ponents produced by
rall ichthyoplankton

A) 1984 collections.

PCi PCil PCIll
Cyprinidae -0.27 -0.11 0.29
Golden shiner 0.39 -0.16 -0.31
Ironcolor shiner 0.16 0.00 0.63
Catostomidae 0.01 0.36 0.22
Pirate perch 0.42 -0.02 0.30
Brook silverside -0.31 -0.38 0.11
Banded pygmy sunfish 0.40 0.27 -0.13
Bluespotted sunfish 0.26 0.33 0.37
Lepomis spp. 0.45 0.08 -0.17
Spotted sunfish -0.22 0.38 -0.19
Largemouth bass 0.06 0.43 -0.16
Percidae 0.08 0.41 -0.15
Eigenvalue 4.13 3.77 2.12
% Variance Explained 34 31 18

B) 1984 and 1985 collection:s.

PCi PCli PClll
Clupeidae 0.22 -0.30 -0.10
Cyprinidae -0.09 0.16 0.75
Catostomidae. 0.46 0.04 0.01
Pirate perch 0.52 0.16 0.10
Brook silverside 85(2) 82181 82(1)
Lepomis spp. -0. . .
Largemoutﬁ bass 3%% 8?8 85;
Pomoxis spp. . . -0.
Percidae 0.32 0.43 -0.19
Eigenvalue 3.22 2.55 1.45
% Variance Explained 36 28 16
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Figure 2.4.

PC Il

PC il

A LARGEMOUTH BASS, SPOTTED SUNFISH,
6 a LAKE CHUBSUCKERS
4 3
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PC I

Variation in the composition of ichthyoplankton assemblages
between sampling stations in 1985, as summarized by the first
three principal components. Direction of the arrows are in the
direction of high positive scores on the different axes. The
nonthermal areas have higher scores on the first axis which
result from relatively high- numbers of Lepomis, pirate perch
and banded py%my sunfish. Station 6, along a channel in the
disturbed area, has a high score on the second axis reflecting
relatively-high numbers of largemouth bass, spotted sunfish,
and lake chubsuckers. The high score of the natural channel
(Station 8) on the third component reflects greater numbers of
ironcolor shiners and bluespotted sunfish.
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reflected the relatively high numbers of largemouth bass (Micropterus salmoides),

spotted sunfish (Lepomis punctatus), and lake chubsuckers in the disturbed portion
of the swamp. The high score for the natural, forested region of the swamp (Station
8) on the third component resulted from greater numbers of ironcolor shiner

(Notropis chalybaeus) and bluespotted sunfish.

Where comparable data were available in Steel Creek, ichthyoplankton
densities differed between 1984 and 1985 (Table 2.10). Except for Station 12, mean
ichthyoplankton densities were greatest in 1985 when water levels were low
throughout the SRSS (Figure 2.2C). A similar PCA incorporating collections made in |
1984 and 1985 provided a descriptive method of examining compositional
variability between years (Tables 2.98 and 2.10; Figure 2.5). The first axis,
accounting for 36% of the variance, distinguished between thermally altered, post-
thermal recovery, and unimpacted sites within the swamp. The separation of
collections made in 1984 and 1985 also emphasized the possible importance of
water level on recruitment dynamics. The first axis loaded high for pirate perch,
black crappie, and lake chubsucker reflecting their greater abundance during 1984
when water levels were high and several flooding cycles occurred (Table 2.10;
Figure 2.2B). The second axis also differentiated between years with high positive
loadings for largemouth bass and several taxa of sunfish that paralleled increased
densities, and negative loadings for clupeids which were only rarely present, in 1985
(Table 2.10). Although little separation was exhibited for collections during 1984,
the third axis also showed between-site differences based on cyprinid and brook

silverside abundance patterns.

Discussion
The influences of thermal discharges on fish growth, distribution, movements,

and genetics have been documented to varying degrees (e.g., Janssen and Giesy
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Figure 2.5. Variation in ichthyoplankton assemblage composition
between years summarized by Principal Components Analysis.
Direction of the arrows are indicative of positive loadings on
the different axes. Assemblages in the wet year (1984) have
high scores on the first axis reﬂectin?( greater numbers of
pirate perch, crappie, and lake chubsuckers. The assembiages
taken in 1985, especially at Station 6 (along a disturbed
channel), tend to have high scores on the second axis reflecting
greater abundance of largemouth bass and Lepomis. The dry
year assemblages at Stations 10 (disturbed sﬁallows) and 8
(natural channel) separate on the third axis because they had
more cyprinids and fewer brook silversides than other areas.
Openl squares are 1984 samples; darkened squares are 1985
samples.
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1984). However, comparatively little is known about the influences of altered
temperature regimes on reproductive cycles or the success of early developmental
stages. Because industrial discharges are commonly limited to low level increases in
water temperature, the influence that a wide range of temperature variation has
on fish population and community dynamics has not been examined in great detail.
The 2 to 19°C change in water temperature occurring along thermal plumes in the
SRSS provides a unique situation to examine the influences of environmental
perturbations on reproductive activity and the composition of larval fish
assemblages.

Evolutionary theory suggests the proximate mechanisms governing
reproductive cycles and mating behavior evoived so that reproduction is precisely
synchronized with particular environmental conditions (Crews and Moore, 1986).
Reproductive cycles of fish in southeastern swamp systems have evolved where
seasonal changes in temperature and water levels are predictable, but short-term
fluctuations in either temperature or individual floods are not. As environmental
cues and physiological constraints that govern reproduction vary among fish
species, reproductive responses to thermal loading must be examined empirically
(Lam, 1983). The results of this study demonstrate several responses that occurred
in many of the common taxa along the thermal plumes.

Patterns in chronology of appearance indicated that the common taxa from
the thermal areas were found earlier in the year, and were present at consistently
warmer temperatures, than the same taxa from nonthermal habitats. If
reproduction were regulated by a simple thermal threshold phenomenon,
appearance of a specific taxon would have been expected earlier in the thermal
areas, and later in the season for nonthermal areas as they attain the same thermal
threshhold. Similarly, if reproduction were regulated by a photoperiod threshold,

larvae of a specific taxa should be found at the same time, though at elevated

t
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temperatures in thermal areas. However, neither pattern was observed in more
than one species. Thus, it is probable that temperature and some other factor(s)
(e.g., photoperiod, food supply, or availability of suitable spawning substrates)
jointly influence reproduction of most fish species in this swamp system.

Hubbs (1985) summarized information on reproductive seasonality of several
species of darters and concluded that photoperiod and temperature acted as
interactive factors. Photoperiod often governed initiation of spawning while warm
temperatures during the year appeared to limit duration of the spawning season.
The regulation of mating behavior by both photoperiod and temperature could be
adaptive for fishes that spawn during spring by reducing sensitivity to rapidly
fluctuating environmental conditions. A governing response to increasing
photoperiods could prevent spawning during brief warm periods when
temperatures fluctuate early in the year. A response to seasonal temperature
trends would advance the spawning season in consistently warm years and delay, or
suppress it in cold years. The control of reproductive cycles by multiple cues is
common in fish (Lam, 1983) and other vertebrates (Crews and Moore, 1986).

While important, the reproductive patterns observed across the SRSS suggest
proximate mechanisms controlling reproduction may be more complex. This is
evident from areas within Steel Creek where the overstory canopy has been
removed. Within these habitats, early life history stages of most taxa have been
found several weeks earlier than adjacent regions possessing a complete overstory
canopy; water temperatures are similar in both habitats. This pattern has been
observed over two years of coilections (Aho et al., 1986; see Chapter ) and occurs
among sites with different habitat characteristics less than 300-500 m apart. Thus,
evidence indicates many of the species of fish are responding to very small scale
differences in environmental factors. Differences occur between disturbed and

natural swamp habitats in macroinvertebrate abundance (Kondratieff and

t
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Kondratieff, 1984) and macrophyte composition and cover (Smith et al., 1981; Dunn
and Sharitz, 1987). Alteration of food resources or spawning substrate availability
could, therefore, act as important proximate factors influencing recruitment
periodicity. Both factors may also be important determinants of higher
ichthyoplankton densities in the previously disturbed regions compared to natural
swamp habitats in Steel Creek delta. Differences in light regime between habitat
types may indirectly influence recruitment dynamics by affecting plant growth
dynamics. Regardless, changes in the physical structure of the environment have
the potential to alter reproductive cycles of resident fishes.

Modification of species phenology patterns, particularly at Stations 1 and 2
where changes were most pronounced, also suggests reproductive control processes
fail under extreme environmental conditions. Species may fail to reproduce
without the proper combination of environmental cues. Alternately, fish may
reproduce when there is a mismatch between reproductive cues and other
environmental variables, thereby exposing early developmentai stages to
potentially stressful conditions. Although most taxa were widespread in
distribution, the similar species composition of larval assemblages from the thermal
areas, but low densities, suggests problems either in reproductive success, growth,
or survivorship. Match/mismatch hypotheses have been shown to be of major
importance in determining environmental performance in fish population and
community dynamics (e.g., Frank and Leggett, 1982).

The influence of fluctuating environmental conditions on assemblage
characteristics can be illustrated by variation between wet and dry years and
between shallow and channel habitats. The 1984 assemblages were dominated by
lake chubsuckers but also contained clupeids and crappie; there were
proportionately few sunfish present. The channel areas had relatively more lake

chubsuckers and fewer sunfish than structured (shallower) areas. Comparisons
]
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between wet and dry years and between channel and shallow habitats, therefore,
indicate a shift in species composition toward increased representation by suckers,
and fewer centrarchids, during extended periods of high waters. Sudden
fluctuations produced by reactor operations had additional influences on larval
populations. Densities fell at sites at the hot end of the thermal plume when
thermal discharges suddenly ceased. In addition, larval densities were low at
Station 4 where warm and cool water masses mixed and temperatures fluctuated
irregularly.

In late 19885, associated with the restart of production operations on a nuclear
production reactor, L-Reactor, thermal effluents will again be discharged into Steel
Creek delta. Fluctuations in thermal and hydrological regime accompanying the
moderate thermal discharges (<32°C) into this portion of the SRSS may be expected
to perturb larval fish assemblages in similar ways to other sites along the thermal
plumes. Lake chubsuckers, unlike sunfish, prefer the greater depth which
accompanies increased discharge as found in channels and during wet years. In
addition, it is probable that elevated water temperatures will advance the
spawning season and expose eggs and Iarvée to warmer than regional ambient

temperatures.

Conclusions
Larval fish were sampled across a thermal gradient in the SRSS. Temperatures
ranged from 2 - 19°C above ambient temperatures characteristic of the region. The
objective of this study was to characterize the effect of thermal alteration on
reproductive cycles and the early life histories of fishes in the Savannah River Swamp
System. Two questions were addressed: (1) Does density, species composition, and

timing of reproduction vary between areas of different thermal characteristics?,




and (2) Do patterns of species seasonal succession vary across environmental

temperature gradients? Conclusions of the study are summarized below.

A total of 6,987 fish larvae and eggs representing 21 taxa was collected in the
SRSS. With two exceptions, all major taxa were present at each of three
major sampling regions in the SRSS regardless of thermal characteristics.
Most of the larval fish (>95%) were collected from shallow, vegetated rather
than channelized habitats.

Total larval fish density varied seasonally. Eggs and larval fish densities
increased in a series of pulses during January through May and declined
during June and luly.

Recruitment of larval stages was earliest in the heated sites. Even differences
approximating 2°C above ambient regional temperatures advanced
spawning. Timing of peak larval fish densities differed by about eight weeks
between the warmest site and a site in the natural cypress/tupelo forest in
Steel Creek.

Overall, mean density of larval fish was lower at all thermal sites compared to
the cooler sites, except one. Among the five thermal sites, there was no
relationship between larvai fish abundance ‘and a sites's rank order of
temperature.

Taxa of larval fishes that normally occurred separately, overlapped
temporally at heated sites suggesting reproductive control processes fail
under extreme environmental conditions.

Larval stages of most taxa from the thermal areas were found earlier and at
warmer temperatures than the same taxa found in nonthermal areas. This
potentially may affect recruitment success by having early developmental
stages present when environmental conditions (e.g., food availability) are not

best suited to the performance, growth or survivorship of the species.
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Introduction

Throughout the southeastern United States, river-swamp or floodplain forests
are conspicuous components of many aquatic systems. They are recognized as
unique systems characterized by their acidic, tanin-stained water and highly
variable hydrologic regime and plant community structure (e.g., Day, 1982;
Wharton et al., 1982). Despite the importance of swamps as natural filters of stream
water (Ewel and Odum, 1978) and as refugia for many relict species (Wharton et al.,
1982), little information is available on the natural functioning of these ecosystems
and the structure of the component assemblages. Prior investigations have
principally focused on organic matter processing dynamics and the structure and
function of plant assemblages in nonriverine (e.g., Connor and Day, 1976;
Schlesinger, 1978; Brown, 1981; Day, 1982) and riverine swamp wetlands (Brinson et
al., 1980; 1981; 1983; Mulholland, 1981). Studies on the utilization of these
wetland habitats by fish have emphasized their importance as nursery, foraging,
and overwintering sites for many species of resident and migratory fishes (Forbes,
1925; Starrett, 1951; Bennett, 1958; Guillory, 1979; Ross and Baker, 1983; Finger
and Stewart, In press). Few studies, however, have examined patterns in the
distribution and abundance of these fishes and identified potential factors

structuring these assemblages.

Factors influencing fish assemblage structure in swamp habitats

The distinctive characteristics of these wetlands suggest many factors could
influence assemblage dynamics. These include the environmental variability,
availability of suitable habitat, physiological stresses, and biotic interactions. In
" many river-swamp habitats, attributes of the fish assemblage are frequently related
to temporal instability of the water regime of the area. Recent studies within the

Everglades have demonstrated shifts in species composition with water level
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constancy (Kushlan, 1976; Carison and Duever, 1976). Several species of small
omnivorous fish dominate the fish assemblage when seasonal drawdowns in water
level occur; avian predation is important during this time. During extended periods
of high water levels, however, fish predation becomes more important resulting in
a shift in species and size composition of the assemblage toward large predatory
fishes. Temporal variability in water regime also influences secondary production of
three species of fish in the Okeefenokee Swamp (Freeman and Freeman, 1985) and
population abundance of fishes utilizing southeastern floodplain habitats (Ross and
Baker, 1983; Finger and Stewart, 1987) by changing nutrient and habitat
availability. Thus, water level fluctuation may be a form of environmental
perturbation producing a cascade of responses among trophic levels, influencing
species responses and assemblage structure.

Other attributes of the physical environment may affect patterns of
distribution and abundance in swamp fishes. Since river-swamps represent a mosaic
of habitat types, local changes in environmental conditions could produce spatial
differences in fish assemblage structure. Variable habitat characteristics and levels
of structural complexity could modify food availability (Benke et al., 1984; Thorp et
al., 1985) and limit the abundance of refugia used by the different life history stages
(Emery, 1978). The accumulation of detrital and refractory materials over much of
the bottom effectively reduces the availability of sand or gravel substrates common
in coastal plain stream systems. The predominance of detritus/mud substrates may
alter the composition of the macroinvertebrates at a site, and further modify food
resources utilized by fishes. The lack of a sand or gravel bottom may also limit fish
species requiring a firm substrate for successful reproduction (Balon, 1975).
Wetland degradation could also influence fish faunal properties, but its impact will
likely be related to the severity, timing, and frequency of the disturbance events as

well as the size of the area affected (Sousa, 1984). Although generalizations on the
¥
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influence of chemical factors (e.g., low pH values and dissolved oxygen
concentrations) on patterns of fish distribution and abundance are difficult to
predict, they have been shown to be important physiological stressors in a number
of aquatic systems (e.g., Frey, 1951; Gee et al., 1978; Weiner and Geisy, 1979; Laerm
et al., 1980; Rahel and Magnuson, 1983; Schindler et al., 1985). The influence of
biotic interactions, however, remains largely unknown. |

As a basic step in understanding population and community dynamics, we
used a comparative approach to characterize and identify environmental factors
(physical and biotic) important to fish assemblage structure in the Savannah River
Swamp System. Such an approach has been invaluable in other studies and can be
used to generate and test hypotheses, to assess mechanisms, and to produce
explanations for community level problems under a variety of conditions (e.g.,
Diamond, 1978; Werner et al., 1978). We addressed the following questions: (1)
Are there discrete types of fish assemblages within the Savannah River Swamp
System?, (2) If so, what are the relations between fish assemblage structure, habitat
structure, and physical disturbance?, and (3) Is assemblage structure temporally
persistent and stable in the face of seasonally changing environmental conditions?
Our long-term goal is to identify patterns in fish assemblage structure as a first step
in investigating the organizational processes of floodplain swamps and their biotic
communities. This information is also needed to effectively predict effects of, or
manage for, artificial perturbations such as increased flow rates or water
temperature associated with the operation of several nuclear production reactors

have on fish community organization in these systems.

Study Area
Located along the Savannah River near Aiken, S.C., is a 3200 ha river-swamp,

the Savannah River Swamp System (SRSS), which forms the southwestern border of

t

97



the U.S. Department of Energy's Savannah River Plant (SRP) (Figure 3.1). A second
growth forest of bald cypress (Taxodium distichum) and water tupelo (Nyssa

aquatica) cover approximately 50% of the floodplain forest. Fragmentary mesic
bottomland forests, dominated by oaks (Quercus spp.), red maple (Acer rubrum),

sweetgum (Liquidambar styraciflua), and hackberry (Celtis laevigata), occupy 40%

of the river-swamp and are confined to old river levees and isolated islands of well-
drained soil. The remaining 10% consists of scrub-shrub, herbaceous marshes, and
open water (Sharitz et al., 1974).

Beginning in the 1950s, water from the Savannah River has provided a source
of coolant for several nuclear production reactors on the SRP. Heated effiluents
from three reactors have periodically been discharged into three streams draining
into the SRSS (Pen Branch, Four Mile Creek, and Steel Creek). Because of reactor
production activities, discharge rates have increased from <2 m3/s to ca. 11.3 m3/s
and has altered the hydrology of this wetland by virtually eliminating natural
seasonal drawdown. Water levels currently can fluctuate between 10cmand 1.5 m
above the sediment surface in a period of hours depending on reactor operations
(Repaske, 1981). The seasonal timing, magnitude, and frequency of flood events
has also been disrupted by the presence of a series of flood control dams located
upstream of the SRP on the Savannah River (Sharitz et al., 1986). Depending on
timing, duration, frequency of occurrence, and extent of habitat affected, natural
and artificial variability in water level potentially represent an important
disturbance regime to the plant and animal components of the SRSS. The fact that
the swamp remains wet throughout the year, however, provides a valuable contrast
to many other swamp systems.

Water temperatures where the streams enter the SRSS frequently exceed 40°C
and establish longitudinal thermal gradients. The combination of increased water

level, temperature, and substrate instability has resuited in the loss of both canopy
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SOUTH CAROLINA

Four Mile Creek

Pen Branch Creek o

Steel Creek
SAVANNAH RIVER WETLAND.

D Cypress-Tupeio

Sottomiand Hardwoods

Figure 3.1. Map of the Savannah River Swamp System (SRSS) showing the

location of the twelve sampling sites from the Four Mile Creek
(FMC), Stave Island (Sl), Steel Creek (5C), and Deep Swamp (DP)

regions.
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and understory vegetation in the vicinity of each stream mouth (Sharitz et al., 1974).
Unlike Pen Branch and Four Mile Creek, which carried heated effluents to the SRSS
for the duration of this study, the immediate vicinity of Steel Creek has been
undergoing post-thermal recovery since 1968. In contrast to other disturbed
regions within the SRSS, vegetation in the post-thermal recovery areas of Steel
Creek is now dominated by extensive herbaceous macrophyte growth with only
limited regeneration of woody vegetation or tree regrowth (Smith et al., 1981;
Dunn and Sharitz, 1987). This region, however, will again be disturbed by high
flows and water temperatures after October 1985 following the restart of L-Reactor

that originally released discharges into Steel Creek.

Methods

Fish and environmental sampling

Twelve sites, representing four major areas of the river-swamp, were selected
for study (Figure 3.1). Four sites were from the Four Mile Creek (FM) region, four in
the vicinity of Stave Island near Pen Branch (S1), and three within the Steel Creek (SC)
region. A single site was selected from an undisturbed region of cypress-tupelo
forest (Deep Swamp-DP) located approximately 2 km from the Steel Creek region.
Sites chosen were representative of habitat types present in the SRSS as determined
from aerial imagery (Christiansen et al., 1984) and summarize variation in habitat
structure, potential sources of energy, and environmental perturbation (Table 3.1).
Seven sites had some extent of thermal addition, three sites were at regionally
ambient water temperatures, and two sites were undergoing post-thermal
recovery.

Fish populations were sampled using electrofishing techniques (DC pulsed) to
quantify the relative abundance of all species at the twelve sites. Sampling intensity

was greatest in the Steel Creek region with collections beginning in March and June
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1983 and then monthly from August 1983 through July 1985. Collections from the
other three regions began in March (Four Mile Creek) or April (Stave Island and
Deep Swamp) 1984 and continued through November 1984; adherence to a
monthly sampling interval was not always possible because low water levels
(natural or associated with cessation in reactor operations) periodically prevented
access to certain sites. The level of sampling effort differed slightly between
regions. At the Four Mile Creek, Stave Island, and Deep Swamp sites, four 50-m
transects per site were repeatedly sampled on each collection date. At Steel Creek,
six 50 m sections were selected from a thermally undisturbed area of cypress-tupelo
forest (SC3) and a post-thermal recovery site (5C2). Only three 50 m sections were
sampled from the second post-thermal recovery site in Steel Creek (SC1). While the
number of transects reflected our ability to sample, and the amount of available
habitat at specific sites, the differential effort was not thought to introduce a
substantial bias in the comparison of fish assemblage structure. Examination of
cumulative species richness (the number of new species added on each successive
50 m transect) for sites sampled by four and six transects indicated essentially no
difference in catch rates (Figure 3.2), and that >75% and 85% of the species at a
site were collected in three and four transects, respectively. Based on patterns of
species richness at the different sites (see Table 3.3 for details on species
composition) and the observed catch curves for sites with six transects, it is expected
that only an additional 1-3 species would have been added to the overall faunal
composition at the remaining sites. Because of the high positive correlation
between species richness and abundance of fish on a transect both overail and for
most locations (Table 3.2), comparisons of fish abundance between sites were also
not affected substantially by differences in the number of transects per site. Most

of the ‘core’ group of species were present in the first two transects, so any new
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Figure 3.2. Cumulative catch curves comparing total numbers of fish species
captured at asite in the Savannah River Swamp System where
samples were collected using either four or six S0 m transects.
Curves depict the accrual of new species on each additional 50 m
transect. Data used in construction of the curve were from spring
to fall 1984 collections. Symbols indicate mean percentage of the
total number of species collected on each transect for each
sampling period; vertical bars represent the 95% Cl.
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Table 3.2.

Summary of relationships of species richness to fish abundance per
50 m transect using Pearson product-moment correlation and
Spearman rank correlation for all sites combined and by specific site
within the Savannah River Swamp System. Data used in the
calculations was from spring, summer, and fall 1984.

Pearson Correlation Spearman Rank

All locations together, n =374 0.70*** 0.95 ***

By sampling site

SC1 0.84 *** 0.88 ***
SCZ 0.72 ¥ de e 083 % % %
SC3 0.74 *** 0.87 ***
DP 0.43,ns 0.43,ns
Si1 0.38,ns 0.53*
SI2 0.57 * 0.72 **
Si3 0.51* 0.85 ***
Si4 0.52* 0.87 ***
FM1 0.92 *** 0.97 ***
FM2 0.84 *** 0.98 ***
FM3 0.91 *** 0.99 ***
FM4. 0.85 *** 0.98 ***

ns Nosignificant relationship

* P <0.05

** p<0.01

*** n <0.001
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additions would represent rare or infrequently captured species that were also

represented by only a few individuals.

Fishes were identified to spécies, counted, total length measured, and then
released at the point of capture; only specimens of questionable identification were
returned to the laboratory for verifications. Identification followed keys of
Menhinick (1975), Pflieger (1975), and Bennett and McFarlane (1983).

During fish collections, a series of environmental parameters were measured
that might be related to the number of individuals and types present at a site.
Habitat characteristics included water temperature, current velocity, depth and
substrate composition. These were measured from a minimum of three transects
per site located perpendicular to the electrofishing transect; 5-10 individual
measurements were made off each transect. Variability in the number of
measurements was dependent on habitat conditions (e.g., size of the region,
degree of habitat complexity). Substrate composition was visually inspected for
proportion of hard material (e.g., sand, gravel, large rocks). In most instances,
however, soft organic muck was the predominant substrate type and this variable
was not considered further in the analysis. Percent areal canopy closure and
abundance of aquatic vegetation were also recorded at each site. Vegetation
abundance was determined by line intercept methods; canopy closure was visually
assessed at each site. Field and laboratory determination of water chemistry
parameters for the sites, or adjacent regions, were done as part of a large-scale
project on the influence of reactor operations on water quality (Newman, 1986).
Conductivity, dissolved oxygen, and pH were measured biweekly using a Hydrolab
6-D water quality analyzer (Hydrolab Corporation). Fluctuations in water levels
within the Steel Creek delta region were recorded by gauges located at SC2 and an

additional site in the post-thermal recovery area (M. Coulter and K. Dyer, Savannah
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River Ecology Laboratory, unpublished data). Continuous data records were

available from November 1983 through September 1985.

Data analysis

Multivariate techniques of classification and discriminant analysis were used to
detect spatial patterns in the fish assemblages within the SRSS and to relate these
patterns to environmental factors. Classification methods (average linkage
clustering) were used to group sites according to their similarity in species
abundances (normal classification). As continuous monthly collections were not
possible at all sites across the SRSS, coilections made during 1984 at each site were
pooled by season (spring =March-May, summer =June-August, and
fall =September-November). Relative abundances (mean number of individuals per
50 m transect) of species were then converted to standardized data (x=0; s=1.0) to
minimize &omination by abundant species. If geographically distinct assemblages
remained stable over several seasons, collections would form groupings by sampling
site or region. If assemblages responded to common environmental features,
distinct groups would form but might include samples from several different sites.
If the composition of the fish fauna were irfdependent of site or regional features,
then there would be no tendency for interpretable groups to form. Hypotheses
generated by the normal classification analyses were examined using discriminant
analysis. Inverse classification methods (Clifford and Stephenson, 1975) were also
performed using average linkage clustering to group species according to their site
of occurrence (i.e., the sites become attributes of the species). Dendrograms for site
and species similarity were constructed and cross-tabulated in a two-way
coincidence table. Cluster and discriminant analysis were done using programs in

the Statistical Analysis System (SAS, 1985).
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Temporal variability in assemblage structure for the three Steel Creek sites was
examined using data collected from ten seasons (March 1983 through July 1985).
Species richness and abundance per collection provided a general indication of
assemblage stability, but may remain constant even though a change in assemblage
identity may occur. As an alternative method to examine the continued presence or
absence of a species at a site, a measure of persistence based on an index of species
turnover was generated (Diamond and May, 1977; Jarvinen, 1979),
T=(C+E)/(S1+S2) where C and E are the number of taxa that appeared or
disappeared between sampling periods, and $1 and S2 are the number of species in
each sample. Persistence (PR) was then calculated from 1-T where T equals the mean
turnover rate for all adjacent samples within the sampling interval. Persistence
values range from 0 (no persistence) to 1.0 (complete persistence).

Stability of species relative abundance rankings in Steel Creek was tested by
their concordance over the entire study period using Kendall's coefficient of
concordance (W) corrected for ties (Seigel, 1956). This procedure tests the null
hypothesis that abundance rankings change randomly through time; rejection of
this hypothesis indicates rankings have some degree of consistency over time.
Rather than use the entire fish assemblage at a site, .only those species accounting
for at least 1% of the collection within any season at a site were included in the
analysis. This omits rare or infrequently captured species whose capture might not
accurately reflect their abundance, or presence or absence, at a locality. Jumars
(1980) has indicated that statistical tests for rank correlation were, in general,
suspect since they are based on the null hypothesis that all rankings are equally
likely to occur. Because these stability analyses were done on a truncated species
list, virtually all of the species included were thought to be capable of achieving
moderate to high abundance ranks. Thus, it is felt that rank correlation methods
were appropriate statistical tests to detect stability or stochastic variation in the
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assemblage structure. Significance of W was tested using X2 values following Seigel
(1956).

Numerical (species richness and abundance per 50 m transect) and
environmental measurements (except pH) were logg(x + 1) transformed to stabilize
variance prior to use in muiltivariate and parametric analyses. Univariate and
bivariate analysis of variance (ANOVA) and Student-Neuman-Keuls (SNK) multiple
sample comparison tests were used to detect differences in species richness and
abundance between groups identified by cluster analysis. Similar analyses were
used to detect spatial and temporal differences in numbers of species and
individuals per transect over a longer time interval from the Steel Creek collections.
Correlation analysis was done on untransformed variables to examine relationships
of number of species and individuals with environmental parameters (e.g., water
depth, water depth in the previous time interval). Unless otherwise stated,

statistical significance was taken at p<0.05.

Results
A total of 11,996 individuals comprisiﬁg 51 species were collected over the
course of the study; to enable spatial comparison across the SRSS, only collections
where all sites were sampled concurrently are discussed further (Tables 3.3 and 3.4).
While most of the fish assemblage was categorized as year round freshwater

residents, three species (hickory shad, Alosa mediocris; striped mullet, Mugqil

cephalus; and American eel, Anquilla rostrata) were migratory. Other species of
anadromous fishes, particularly the clupeids, have been reported to utilize portions
of the SRSS and associated tributary streams (Bennett and McFarlane, 1983; Aho
and Anderson, unpublished data), but none were found in these study areas. Of the
resident species, abundance differed greatly with four common species accounting

for > 65% of the total number of individuals. Seventeen species accounted for

¥

108 -

a0 |



Table 3.3 Summary of the distribution and overall abundance of the fish assemblage
among sites and collections within the Savannah River Swamp System. Only data
for spring, summer and fall 1984 are presented here to allow spatial comparison.
Included are the number of fish collected, percent composition, number of sites
that a species was found, and the total number of times a species was found in
the seasonal collections for all sites. For the percentage of occurrence, a species
could be recorded a maximum of 36 times.

Number Percent Percentage
Species Common Name Collected Composition Sites Occurrence

Notropis petersoni Coastal shiner 1185 24.3 1 75
Labidesthes sicculus Brook silverside 867 17.8 10 72
Notropis chalybaeus Ironcolor shiner 894 18.4 8 53
Micropterus salmoides  Largemouth bass 274 5.6 11 78
Lepomis punctatus Spotted sunfish 213 4.4 10 69
Lepisosteus osseus Longnose gar 160 33 11 58
Erimyzon sucetta Lake chubsucker 153 3.1 8 44
Amia calva Bowfin 136 2.8 12 67
ﬁohredoderus sayanus  Pirate perch 144 29 8 53

otemigonus crysoleucas Golden shiner 115 24 5 33
Minytrema melanops Spotted sucker 86 1.8 10 47
Lepomis microlophus Redear sunfish 63 13 10 50
Gambusia affinis Mosquitofish 56 1.2 6 33
Anguilla rostrata American eel 53 1.1 8 56
Esox niger . Chain pickerel 64. 1.3 9 50
Notropis cummingsae Dusky shiner 51 1.1 8 33
Dorosoma cepedianum  Gizzard shad 66 1.4 8 33
Perca flavescens Yellow perch 41 0.8 5 25
Lepomis auritus Redbreast sunfish 30 0.6 8 39
Lepomis gulosus Warmouth 12 0.3 5 19
Chologaster cornuta Swampfish 22 0.5 3 14
Mugil'cephalus Striped mullet 26 0.5 3 17
Notropis emiliae Pugnose minnow 14 0.3 5 14
Percina nigrofasciata Blackbanded darter 25 0.5 7 36
Elassoma zonatum Banded pygmy sunfish 16 0.3 3 1
Fundulus lineolatus Lined topminnow 10 0.2 2 17
Leopmis macrochirus Bluegill 9 0.2 3 14
Pomoxis nigromaculatus Black crappie 10 0.2 5 19
Lepisosteus platyrhincus Florida gar 8 0.2 5 17
Esox americanus Redfin pickerel 1 0.2 1 8
Notropis maculatus Taillight shiner 12 0.3 3 1"
Ictalurus natalis Yellow bullhead 4 0.1 1 8
Ictalurus punctatus Channel catfish 3 0.1 2 8
Noturus gyrinus Tadpole madtom 3 0.1 2 8
Ictalurus platycephalus  Flat bullhead 4 0.1 3 1
Ictalurus nebulosus Brown bullhead 5 0.1 3 "
Lepomis marginatus Dollarsunfish 7 0.1 2 6
Enneacanthus gloriosus  Bluespotted sunfish 9 0.2 3 14
Etheostoma fusiforme  Swamp darter 3 0.1 2 6
Etheostoma olmstedi Tesselated darter 3 0.1 3 11
Notropis lutipinnis Yellowfin shiner 1 <0.1 1 3
ﬂprinus carpio Carp 1 <041 1 3

otropis hudsonius Spottail shiner 1 <0.1 1 3
Etheostoma serriferum  Sawcheek darter 1 <0.1 1 3
Alosa mediocris Hickory shad 1 <0.1 1 3
Umbra pygmaea Eastern mudminnow 1 <0.1 1 3
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>90% of the fish abundance at the twelve sites within the SRSS; they were the most
widely distributed and occurred the most frequently. These 17 species belonged to
11 families with six additional families represented by the remaining species. For
the entire fish assemblage, cyprinids and centrarchids together comprised the
greatest number of species (19) and largest numerical proportion (>55%) of the
fish fauna. Seventeen species were collected infrequently, with fewer than 10
individuals collected; only eight were found at single locations. Species
represented in the long-term collections in Steel Creek not included in Tables 3.3

and 3.4 include blueback herring Alosa aestivalis, American shad Alosa sapidissima,

needlefish Strongylara marina, pumpkinseed Lepomis Gibosus, and flier

Centrarchus macropterus. None were consistently found and were generally

represented by less than twenty individuals in total for the entire study period.

Spatial distribution of fishes within the SRSS

Results of the normal classification analysis (species as attributes of the sites)
provided evidence for spatial differentiation in the composition of the fish
communities (Figure 3.3). Eight major site groups were distinguished. Among these
groups, only the four sites from the Four Mile Creek system exhibited regional
affinity, but included in this site group (A) were also three seasonal collections from
Steel Creek (SC1) and Stave Island (S12, Si4). In the remaining seven site groups (B-
H), differing numbers of site-season collections from different geographic locations
within the SRSS grouped together. Patterns of species richness and relative
abundance differed significantly between the different site groups (ANOVA:
richness, F7.354 =67.7, p<0.0001; abundance, F7,354=69.3, p<0.0001; Table 3.5).
The 15 seasonal collections comprising site group A had the most depauperate
assemblage with total species richness (cumulative number of species from all |

monthly samples) ranging from 0-11 species (x = 2.1) and the lowest fish abundance

¥
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Figure 3.3.Results of the average linkage cluster analysis of the fish assemblage
structure from the 12 sites and 3 seasons collections in the Savannah
River Swamp System. Codes on the absicca indicate site and season.
FM, Four Mile Creek; SI, Stave island; SC, Steel Creek; DP, Deep
Swamp; 1, spring; 2, summer; and 3, fall.
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Table 3.5. Summary of univariate analysis of variance testing for differences in
mean site species richness and mean site abundance (per 50 m
transect) between the eight site groups identified through normal
classification methods (species as attributes of sampling locations)
within the Savannah River Swamp System.

Species Richness:

Site Group
Error -

Total

Relative Abundance:

Site Group
Error

Total

df sS MS F p

7 15256 21.8 67.7 <0.0001
354 1140 0.3
361  266.6
df sS MS F p

7 3729 53.3 69.3 <0.0001
354  272.2 0.8
361  645.2
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with an average relative abundance of 2.0 individuals per transect (Table 3.6).
Compared to site group A, species richness and abundance were higher in the
remaining groups. Mean total species richness for groups B-H varied from 10.7 to
18.3 species, mean species richness (per 50 m transect) ranged from 4.1 to 8.3, and
mean assemblage abundance was as high as 48.4 individuals per transect. Results
from Student-Newman-Keuls (SNK) tests, however, indicated no distinct subsets for
site groups for either spécies richness or fish abundance; only site group A was
consistently different than the other seven cluster groups. Rather, there was 3
trend for complexity (number of species) and numerical abundance of the
assemblage to increase across groups A-H. Based on site/season collections within
the different clusters, temporal variability in assemblage composition was minor
compared to spatial differentiation of the groupings. In the majority of cases
(>70%), two or more of the seasonal collections (1 =spring, 2 =summer, 3 = fall)
from the same site were found in the same site group, indicating short-term
similarities in assemblage composition across the SRSS.

The inverse classification of fish assemblage and construction of the two-way
coincidence table summarized species and site relationships for the seasonal
collections at each site (Table 3.7). Using sités as attributes of the species (inverse
classification), eight taxa groups were recognized (Table 3.7). The first seven
groupings contained either single taxa or groups of three species representing the
most common species across the SRSS. The largest group (Vill) consisted of taxa that
were generally not abundant at any locations.

No site group had a unique fish fauna emphasizing the wide distributional
patterns of most species, but there were major compositional differences between
site groups. In group A, a total of 24 species were captured. Unlike the other site
groups where relatively few species were the numerical dominants, 11 species were

abundant in site group A. Composition of the assemblage was dominated by

'
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Table3.7 Two-way coincidence table comparing site groups and fish species associations within i
3 ; the Savannah R
Swamp System. Valuesin the table represent mean species abundances (per 50 m transect) for each sitlzer
group. Underlined numbers indicate species contributing at least 5% to the numerical abundance within a

site group.
SITE GROUP
Taxa
Group A B C D E F G H
R Coastal shiner 0.2 3.9 0.7 118 3.7 7.8 13 2.1
il.  Brooksilversides 0.1 40 0.7 3.1 5.6 9.8 6.5 6.6
. lroncolor shiner 0 0.9 3.5 1.9 8.6 4.0 22.0 28.3
IV. Longnosegar 0.2 08 0.1 0.9 <0.1 0.3 0 0.0
V. Largemouth bass 0.1 1.0 0.4 14 2.2 0.8 0.3 0.4
Vi.  Lake chubsucker <0.1 0.1 0.6 0.2 2.7 0 0.3 14
Pirate perch <0.1 0.3 0.2 0.6 19 1.0 0.5 0.4
Spotted sunfish 0.1 0.3 0.6 1.2 28 0.8 0.8 0.9
VIl. Golden shiner <0.1 0.2 0.6 0.1 0.7 0 1.5 2.6
Mosquitofish <0.1 <0.1 01 0.1 0.5 0 3.8 iB
Bowtin 0.2 0.4 <0.1 0.4 0.4 0 0.5 3.0
Vill. Dusky shiner 0 0.2 0.3 0.2 0.2 4.0 1.0 0
Pu?nose minnow 0 0.1 0 0.1 0 0 0 0
Taillight shiner 0 <0.1 0 <0.1 0 1.5 (] 0
Spotted sucker 0.1 03 0.2 0.1 0.3 VI 0 0.3
Lined topminnow 0 0 0.2 0 <0.1 0 0.5 0.6
Yellow bullhead 0 0 <0.1 ] 0.1 0 0 0
Tadpole madtom 0 <0.1 <0.1 0 <0.1 0 0 0
Flat bullhead 0 <0.1 0 <0.1 <0.1 0 0 0
8rown bullhead 0 <0.1 0 <0.1 0.1 0 0 0
Swampfish <0.1 0.2 0 <0.1 0.5 0 0 0
Redbreast sunfish 0.1 0.2 0 0.1 <0.1 0 0 0
Dollar sunfish 0 <0.1 0 0 0 15 0 0
Redear sunfish 0.1 0.2 0.1 04 0.1 0 0.5 0
Bluegill <0.7 <0.1 0.1 0 0.1 0 0 0
Bluespotted sunfish 0 0 <0.1 <0.1 0.1 0 0.5 03
Warmouth <0.1 0.1 0 <0.1 0.1 0.3 0 0
Black crappie 1] 0.1 0.1 0 0 0 0 0
Banded pygmy sunfish 0 0 0 <0.1 0.4 0 0 0
Blackbanded darter <0.1 0.2 <0.1 0.1 0.1 0 0 0
Tesselated darter 0 <0.1 0 <0.1 <0.1 0 0 0
Yellow perch 0 0.2 0 0.1 0.1 0 0 0
Swamp darter 1] 0 0 0.1 0.1 0 0 0
American eel 0.2 0.2 0 0.3 0.4 0.5 0 0
Florida gar <0.1 0.1 0.1 0 0 0 0 0
Striped mullet <0.1 0.1 0 <0.1 0.1 0 0 0
Chain pickerel <0.1 0.1 0.7 0.3 0.2 0.5 1.0 0.5
Redfin pickerel 0 0 01 0 0.2 (] 0 0
Gizzard shad 0.3 0.2 0 0 0 0 0 0
Sawcheek darter 0 0 0 0 <0.1 0 0 0
Spottail shiner 0 <0.1 0 0 0 0 0 0
Eastern mudminnow 0 0 <0.1 0 0 0 0 0
Hickory shad <0.1 0 0 0 0 0 0 0
Carp 0 <0.1 0 0 0 0 0 0
Yellowfin shiner 0 0 0 <0.1 0 0 0 0
Channel catfish <0.1 <0.1 0 0 0 0 0 0




large-bodied species such as largemouth bass, longnose gar, bowfin, and gizzard
shad, but smaller-bodied species such as coastal shiners and brook silversides
constituted approximately 15% of the individuals. Faunal composition at the Four
Mile Creek sites was the most variable of all the regions with many collections
yielding no fish when heated conditions prevailed (Table 3.4). Only during periods
of reduced discharge and regionally ambient water temperatures (associated with a
cessation in reactor operations) were fish captured within this region of the SRSS.
Largemouth bass, bowfin, longnose gar, and gizzard shad were among the early
invaders.

In the remaining groups, approximately the same number of species (3-7) were
the numerical dominants in each site group. Several species, particularly ironcolor
shiners, brook silversides, and coastal shiners, frequently recurred in many of the
groups as key components of the assemblage. Identity of the additional species,
however, was variable between site groups. For example, largemouth bass, lake
chubsucker, spotted sunfish, longnose gar, chain pickerel, golden shiner, and pirate
perch were numerical dominants in one or more groups from B-E. From groups F-H,
the number of species comprising most of the assemblage decreased and several
species of cyprinids generally were the most abundant. Thus, in addition to richness
and abundance changes between the different clusters, shifts in species
composition as well as the general body size of the assemblage from large to small-
sized individuals changed among site groups A-H (Figure 3.4). It was not possible
from the cluster analysis, however, to rigorously infer which combinations of
physical factors contributed to the observed differences among sites or site groups.

To explore relationships between fish assemblage patterns and environmental
characteristics (Table 3.1), sites within the SRSS were classified by site group, and
canonical discriminant analysis was applied to the limnological and habitat

parameters measured at the different sites. Although the sites represented a
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Figure 3.4.
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continuum in environmental space, separation of the fish assemblages along the
axes was evident (Figure 3.5), and 81% of the sites were correctly classified.

The first two discriminant functions accounted for 95% of the total variance.
The first axis, responsible for 77% of the variance, tended to locate sites according
to the abundance of aquatic macrophytes and current velocity. The second axis,
accounting for 18% of the variance, separated sites on the basis of water
temperature and degree of overstory canopy closure. Thus, sites located near the
top of Figure 3.5 were generally those with little or no overstory canopy and water
temperatures slightly higher than regional ambient values either because of
insolation effects or reactor discharges. Sites toward the bottom of the plot tended
to have a relatively closed forest canopy of cypress-tupelo and cooler water
temperatures. Sites on the right were characterized as areas with extensive
herbaceous marshes of emergent and submergent macrophytes and slow current
velocities; those to the left were comprised mostly of flowing, open water habitats.
The consistency of association with site group B (4 of 6 seasonal collections) for SI3
and SI4 strongly suggests that subtle increases in water temperature of 2-5°C alone
probably does not affect fish assemblage organization (Table 3.1; Figure 3.3). The
physical conditions emphasizing current and past perturbation regimes of the sites,
therefore, exert a strong local influence on the fish species assemblage present at a
location. Changes in species richness, abundance, and compositional shifts from
large to a mixture of species to predominantly small-bodied forms were associated
with gradients in habitat structural complexity. The distinction of faunal
characteristics between areas dominated by long-lived trees compared to areas of
perennial marshes also suggested that changes may also be associated with

productivity of a habitat.
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Temporal persistence in assemblage composition

Water levels fluctuated greatly over the course of this investigation (Figure
3.6). During most of 1983 and 1984, water levels within the SRSS were high with
periodic floods in spring, summer, and fall, but then declined in 1985 coinciding
with a prolonged drought in the southeastern United States. !n contrast to 1983
and most of 1984, the decline in water levels in 1985 exposed large areas of
vegetated and mud bank habitat; in many areas, water was present only in the
shallow channels that meander through the swamp. Because the two disturbed
sites (SC1 and SC2) were not as deep as the undisturbed cypress-tupelo forest site
(SC3), loss of habitat was greater in the disturbed regions of the SRSS. Areal
estimates of habitat loss for utilization by fishes were approximately 30-60%
depending on thesite.

Because of the long-term data collections within Steel Creek, analyses of
temporal variability in numbers of species and individuals as well as compositional
changes in assemblage structure were possible. As summary measures of
assemblage attributes comparing 1983 and 1984 when all seasons were sampled,
two-way analysis of variance applied to the collection data for numbers of species
and individuals per transect (pooling months within the same season as replicates)
indicated species richness and fish abundance differed across seasons, among sites,
and between years (Figure 3.7; Tables 3.8 and 3.9). Seasonal changes in number of
species and abundance were significantly correlated at all iocations (r=0.66 to 0.95,
df =8, p<0.05); both were low during the winter and peaked in summer-fall
following spring-summer reproduction (see Chapters | and !l for details of
reproductive phenology). Changes in either attribute of assemblage structure were
not correlated with mean seasonal water depth (r=-0.15 to -0.63, df=8, p>0.05)
nor with mean water depth the previous season (r=0.02 to 0.61, df=7, p>0.05).

student-Newman-Keuls analysis of the seasonal differences, however, showed no

H
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Table3.8 Analysis of variance of temporal and spatial variation in (A)
number of fish species and (B) number of individuals er 50 m
transect present on three sites in the Steel Creek delta (data was
log1o(x + 1) transformed prior to analysis).

Factor df SS MS F p

A. Species richness

Location 2 9.58 4.79 16.52 0.0001
Season 3 18.05 6.02 20.75 0.0001
Year 1 6.54 6.54 22.55 0.0003
Location*Season 6 0.84 0.14 0.48 NSa
Season*Year 3 1.26 0.42 1.45 NS
Location*Year 2 2.27 1.13 3.91 0.037
Location*Season*Year 6 1.18 0.19 0.68 NS
Error 306 91.31 0.29

Total 329 131.03

B. Fish Abundance

Location 2 44 .91 22.46 27.38 0.0001
Season 3 42.47 14.16 17.27 0.0001
Year 1 20.51 20.51 25.01 0.0001
Location*Season 6 6.14 1.02 1.25 NS
Season*Year 3 6.87 2.29 2.79 NS
Location*Year 2 2.65 1.33 1.62 NS
Location*Season*Year 6 3.17 0.53 0.65 NS
Error 306 250.95 0.82

Total 329 377.67

a Nossignificant difference.




Table 3.9 Seasonal changes and results of multiple comparison tests
(Student-Newman-Keuls) for mean number of species and mean
assemblage abundance +95% Ci (per 50 m transect) for three sites

in the Steel Creek delta region of the Savannah River Swamp
System.

A. ge?sonal changes in mean species richness and abundance in Steel Creek
elta.
sC1 SC2 SC3

Mean Mean Mean Mean Mean Mean
Richness Abundance Richness Abundance Richness Abundance

Spring 1983 1.3£0.6 1.7%+0.6 53%23 16.0%107 23%15 45%3.0

Summer 52+21 19.3%13.5 6.3+1.7 15760 33109 50%f17
Fall 33+1.1 67%40 6.1t14 17.7+84 35%09 53%17
Winter 29+09 48*25 3.7+14 11.7%6.1 16%08 56%4.1
Spring 1984 29%1.1 43%22 39109 93%36 291038 6.414.0
Summer 5.7+2.3 21.0+16.1 8517 289%*99 6.1£0.8 118135
Fall 5.1+2.3 148+86 7.3+1.2 348%*57 56109 141240
Winter 3614 7.8%50 5817 394%236 3.6£07 62%17
Spring 1985 4.1+1.8 11.2+84 63112 16.5%6.1 54%1.2 97130
Summer 38+22 85+53 80+1.8 31.0%129 48+12 98%238

B. Results of SNK tests for multiple comparison of location, season, and year
effects. Underlined values are notsignificantly different.

Species Richness

Location SC1 SC3 SC2

Season Winter Spring Summer  Fall
Year 1983 1984

Assemblage abundance

Location SC1 SC3 sC2

Season Winter _Spring Summer___ Fall
Year 1983 1984
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significant difference between either winter-spring or summer-fail collections, but
there were differences between these two periods of time for both numbers of
species and individuals (Table 3.9). Among locations within Steel Creek, assemblage
richness and size was always greatest at one of the disturbed, post-thermal recovery
sites, SC2; no difference was detected among the remaining two sites. Collections
made during 1984 had both greater numbers of species and individuals than 1983,
There was, however, a significant interaction between location and year for the
number of species.

Although richness and abundance varied temporally, persistence of both the
total assemblage and the species representing >1% of the seasonal composition
was relatively high at all three sites (Table 3.10). There was, however, some
differences among sites with SC1 having the lowest PR value. Across all sites and
seasons, only two species (coastal shiner and largemouth bass) were always present
suggesting local colonizations and extinctions were more common at SC1 (Tables
3.11,3.12 and 3.13). An additional six and two species were always present at SC2
and SC3, respectively. Concordance of ranks for the common species were
significant at all three sites, rejecting the null hypothesis and supporting a
conclusion of assemblage stability over time. The stability of the assemblage at SC1
was, however, much lower than the other two sites and may be influenced by the

higher current velocity found in this site (Table 3.1).

Discussion
The type of fish assemblage present at a location within the Savannah River
Swamp System is largely determined by the site’s position along two major
environmental gradients: (1) degree of environmental harshness reflecting current
perturbation events (e.g., elevated water temperatures and increased discharge

rates) and (2) habitat structural characteristics (e.g., degree of canopy closure,

t
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Table 3.10. Analysis of fish assemblage persistence and assemblage stability using
an index of persistence (PR) and Kendall’s Coefficient of Concordance
(W) for three sites within the Steel Creek deita region of the SRSS. W
indicates level of overall concordance from 0 (no correlation) to 1
(complete concordance). P = probability of a Typel error.

Site PR W P

sl 0.69 (0.58)* 0.39 <0.001
SQ2 0.94 (0.74) 0.72 <0.001
sC3 0.81(0.72) 0.55 <0.001

* Presented is PR value for truncated species list with PR for total assemblage in
parentheses.
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Table 3.11. Seasonal changes in the percent relative abundance of fishes

from SC1 within the Steel Creek delta region of the Savannah
River Swamp System.

Fish species Season

1* 2 3 4 5 6 7 8 9
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1983, 1984; 4,8 = winter 1983, 1984.




Table 3.12. Seasonal changes in the percent relative abundance of fishes

from SC2 within the Steel Creek deita region of the Savannah
River S wamp System.

Fish species Season
1* 2 3 4 5 6 7 8 9 10

Coastal shiner 12.1 13.0 2.0 453 105 17.6 85 121 7.7 155
Ironcolorshiner 51.5 31.0 424 118 330 18.7 369 60.6 15.5 15.1
Dusky shiner 0 0 0 0 0 1.3 0 0.8 11.7 0.6
Goldenshiner 6.1 6.2 84 34 95 3.7 1.5 06 26 3.5
Lake chubsucker 3.0 49 40 59 85 8.3 99 64 84 8.2
Spotted sucker 0 3 34 29 35 1.7 0.2 0 1.5 25
Mosquitofish 30 06 54 25 0.5 11 22 0 0.7 0
Brooksilverside 6.1 6.8 81 143 80 139 227 89 43 295
Pirate perch 0 1.2 44 04 25 106 35 09 66 54
Bowfin 1.5 06 27 04 1.0 1.3 1.3 08 29 16
Largemouth

bass 76 11.2 105 59 100 107 49 3.1 15.7 13.2
Spotted sunfish 9.1 143 54 39 80 100 7.8 5.0 179 44.2
American eel 0 06 06 04 O 0 03 04 36 6.3
Chain pickerel 0 1.2 23 25 50 1.1 0.2 04 11 03

Numberoffish 66 161 295 203 200 460 603 654 274 317
Number of
collections
per season 1 2 3 3 3 3 3 3 3 2

*1,5,9 =spring 1983, 1984, 1985; 2,6,10 =summer 1983, 1984, 1985; 3,7 =fall
1983, 1984; 4,8 =winter 1983, 1984.
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Table 3.13. Seasonal changes in the percent relative abundance of fishes

from SC3 within the Steel Creek delta region of the Savannah
River Swamp System.

Fish species Season
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vegetative abundance and architectural type, flow rates). Physical conditions along
these gradients have a direct and predictable effect on the structure of the fish
assemblages within the SRSS. Areas experiencing high levels of thermal loading,
independent of other habitat conditions, generaily are depauperate assemblages.
Only when cool-water conditions return to these sites can a fish assemblage
develop, and initially the assemblage would appear to be dominated by large-
bodied fish such as largemouth bass and longnose gar. Large-bodied species are,
however, not necessarily the most mobile as many smali species of fish have been
found reinvading the thermal stream channel draining into the SRSS when
conditions permit (Aho and Anderson, unpublished data; see Chapter V of this
report). For many sites within the SRSS, habitat features reflect prior disturbance
regimes associated with reactor operations by creating open canopied habitats
characterized by extensive herbaceous wetlands and slow current velocities. In
these locations, as well as natural openings in the forest canopy, several species of
minnows and brook silversides are dominant species in the assemblage. However,
when an overstory canopy of cypress/tupelo forest exists and areas of open water
are common in an area, many of the same species are again found, but larger-
bodied species such as largemouth bass, longnose gar, and spotted sucker are
relatively common. Although sites do not have a unique fish fauna due to their
wide distribution within the river-swamp, the assemblages are dist_inct and respond
to the availability of habitat.

in areas not currently experiencing high thermal loading (>5°C above
ambient) or elevated discharge rates, there are several factors that may contribute
to the contrast in species richness and abundance between open and closed canopy
areas. Habitat complexity has often been implicated as an important determinant
of species‘richness in aquatic habitats. Werner et al. (1978) in a comparison of

centrarchid lakes with similar structural complexity from Michigan and Fiorida
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suggest assemblages are 'saturated' and that habitat structure and lake
morphometry strongly influence the number of species of fish that could coexist.
Keast (1978) came to similar conclusions about many of the small, glacier-formed
lakes in North America. Niche segregation and complementarity have been
observed in other centrarchid systems (Werner et al., 1977, 1978; Keast et al., 1978;
Werner et al., 1983) and cyprinid-dominated assemblages (Mendelson, 1975; Baker
and Ross, 1981; Surat et al., 1982; McNeeley, 1987). Since species exhibit niche
differentiation with respect to one or more habitat features, the number of fish
species should increase with increased habitat complexity and heterogeneity.
Species diversity in several stream fish assemblages is also closely related to habitat
complexity (Sheldon, 1968; Gorman and Karr, 1978; Schlosser, 1982).

If the habitat complexity/niche complementarity/species richness relationship
applies to fish assemblages within the SRSS, vegetation characteristics should be
identified as a major factor related to species richness. Benthic substrate
composition and depth of the water probably were not important determinants
because of the limited range of these habitat features over the sites selected. Thus,
if habitat complexity contributed to species richness, vegetation cover should
represent the primary habitat dimension along which segregation and species
packing occur. The parallel increase in submergent and emergent macrophyte
cover and number of species and individuals per transect was the observed trend
across the SRSS. The greatest number of species was found in the post-thermal
recovery area in Steel Creek (SC2-site group E); while not different between site
groups E-H, abundance was greatest at DP1, an undisturbed, vegetated site in the
SRSS. Variations in the assemblage structure among sites with some extent of
canopy closure may also reflect subtle differences either in the amount of plant
cover available or in the architectural characteristics (e.g., simple vs. complex leaf

types). Investigations in estuarine and other freshwater systems (Heck and Orth,




1980; Coen et al., 1981; Rozas and Odum, in press) indicated plant structural
complexity as @ major factor influencing habitat complexity. Thus, even at low
levels of macrophyte abundance, characteristics of the plants may impart enough
structural complexity to increase assemblage richness. The occurrence of
macrophyte growth may also be an important refuge from predators contributing
to both increased species richness and abundance. Numerous studies have shown
that small fish are associated with vegetation in the presence of predators even
though suitable food is available in less structured environments (e.g., Werner and
Hall, 1979; Keast, 1978; Laur and Ebling, 1983; Werner et al., 1983). However,
habitat use patterns can shift as individuals reach a larger and less vulnerable size.
More productive habitats should also permit the development of greater diet
specialization under conditions of evolutionary equilibrium (MacArthur, 1972). The
distribution and abundance of macrophytes probably contributes to differences in
productivity (e.g., food availability) by increasing the amount of substrate availabie
for secondary production of aquatic invertebrates (Benke, 1984; Minshall, 1984),
the dominant prey category for most fishes within the SRSS (Bennett and
McFarlane, 1983). Although no estimates of invertebrate production are available
in the SRSS, species richness, abundance, and biomass of macroinvertebrates differ
between thermally disturbed localities, sites with closed forest canopies, and areas
of herbaceous marshes. Values for all assemblage attributes were generally highest
in the herbaceous marshes (Kondratieff and Kondratieff, 1985). Productivity,
particularly associated with increased planktonic and benthic food webs, has been
related to species richness in a Canadian lake system (Nakashima et al., 1977).
Although the differences in food availability may contribute to the greater number
" of species and individuals in the herbaceous marshes, there is an optimum amount
of vegetative cover that maximizes measures of population performance (e.g.,

growth, abundance, survival, and body size-fecundity relations) (Cooper and

?
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Crowder, 1979; Crowder and Cooper, 1982). It is unclear, however, where the
tradeoffs in community development and population demographic characteristics
as a function of habitat complexity actually occurin the SRSS.

Characterization of many fish species within the SRSS as lithophils or
phytolithophils (Balon, 1975, 1984) suggests that the lack of a firm substrate
potentially limits spawning success. |f macrophytes increase the amount of
substrate not associated with the sediments, recruitment success may be greater in
the open canopy areas. Thus, lower species richness and population densities in the
closed canopy areas may also represent the outcome of low spawning success.

In addition to physical aspects of the environment which structure the fish
assemblages, biotic interactions appear to be important. Despite extreme
fluctuations in water levels and temporal variability in species richness and
abundance within the Steel Creek region, assemblage composition was persistent
and stable. Prior studies have indicated that long-term persistence is evidence that
assemblage structure is organized through some interactive mechanism (Grossman,
1982; Grossman, 1985; Moyle and Vondracek, 1985). Four studies dealing with
freshwater systems suggest that boreal and midwestern lacustrine and southeastern
stream fish assemblages may be determined by biotic interactions (Adams and
Olver, 1977; Werner 1977; Gatz, 1979; Werner and Hall, 1979). Other studies of
river-swamp or stream fishes, however, imply the assemblages are influenced by
stochastic events (e.q., floods, droughts) (Starrett, 1951; Larimore, 1954; Paloumpis,
1958: Kushlan,1976; Carison and Duever, 1976; Whitaker, 1976; Moyle and Li, 1979;
Grossman et al., 1982). Supporting evidence of the role of predation or partitioning
of food, space, or time in the SRSS is equivocal at present. However, for at least the
lake chubsucker (Erimyzon sucetta), field growth rates were significantly lower than
fish fed ad libitum in the laboratory at comparable water temperatures (Aho and

Anderson, unpublished data). The differential in growth rates between field and
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laboratory studies suggests food limitation may be important. Additional long-
term studies are therefore necessary to determine the application of these findings
and whether the assemblage within the SRSS is persistent or in long-term
succession.

However, Connell and Sousa (1983) argue that temporal analyses of
assemblage structure are only meaningful if the system experiences disturbance
regimes that potentially disrupt structure, and the time period of analysis should
cover more than one generation. If these conditions are not met, patterns
indicative of equilibrium may simply result from an unchallenging environment or
the presence of long-lived animals. Both conditions are met in this study. The
reduction in water level during 1985 affected physical conditions within the swamp
by exposing areas of aquatic vegetation and reducing habitat availability to the fish.
While the study covered only ten months, major components of the fish assemblage
were short-lived (generally less than two years) and turnover of at least one
generation should have occurred.

Dynamics of the fish assemblages are therefore determined by a variety of
factors. Environmental perturbation can be a major factor in degraded habitats and
can reduce assemblage structure. Natural disturbance events such as storms could
also influence fish community structure by creating open patchesin a closed canopy
forest. The presence of riparian vegetation acts as a template around which the fish
assemblage is structured, but vegetation characteristics are ultimately determined
by the interaction of hydroperiod, water movement patterns and discharge, and
nutrient availability. Hydroperiod influences forest regeneration and growth
potential. Patterns of water movement and discharge variability determine rates of
establishment or dispersal of seeds that colonize new habitats. Nutrient availability
from either primary production or leaf fall influences secondary production of the

food base and the trophic organization of the fish community.
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Conclusions

Juvenile and adult fish were collectively studied in representative habitat types

in the SRSS. The objective of the study was to identify patterns in fish distribution

and abundance in the SRSS adjacent to the SRP and determine the influence of

habitat structure, physical disturbance (natural and anthropogenic from the

operation of nuclear production reactors), and season on assemblage structure.

Conclusions of the study are summarized below.

Based on the capture of almost 12,000 fish, at least 51 species of 17 families
are found in the SRSS.

Most fish species of the SRSS are year-round residents, but both anadromous
and catadromous species also utilize the system.

Seventeen species of 11 families constitute >90% of the ichthyofauna of the
SRSS. Seventeen fish species can be considered rare, based on the capture of
fewer than 10 individuals. Eight of these species were represented by
specimens from only single locations.

No sampling site had a unique fish fauna. There were widespread

. distribution patterns of fish within the SRSS. However, species composition

of fish assemblages did vary within the SRSS as a consequence of habitat.
Aquatic areas receiving thermal effluents >5°C above regional ambient
temperatures are the most depauperate in numbers of fish species and
individuals. Areas of overstory canopy (cypress/tupelo) and moving water are
inhabited by both large and small-bodied species. Herbaceous marshes with
low flow have primarily small-bodied species. The numbers of species and
individuals tend to increase from closed-canopy to open-canopy habitats.

Differences in assemblage richness, abundance, and compositional

characteristics are determined by several environmental factors. Of greatest

Y
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importance to fish assemblage structure are water temperature reflecting
current disturbance events within the SRSS, degree of canopy closure, flow
rates, and abundance of aquatic vegetation.

The SRSS is a highly complex, fluctuating environment in which the overall
relative abundance of fish species varies naturally, both seasonally and
annually. Fish assemblage structure within Steel Creek, however, was highly
persistent with many of the same species repeatedly found over census
periods. Stability of fish assemblage structure was also high with many
species remaining in the same rank order of abundance.

Modification of the SRSS from SRP operations (e.g. thermal discharges, high
flow rates) could have major impacts on fish assemblages in a direct manner
through habitat alteration. Indirect effects in contiguous areas could result
from changes in species composition {prey, predators, and fish species) in
affected habitats, although the potential for recolonization from more
distant areas would persist.

The fish assemblage found in the SRSS represents a major and valuable source
pool of fish for tributary streams of the SRP, the Savannah River, and

contiguous swamp habitats.
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Introduction

A central goal of community ecology is to understand mechanisms and
processes responsible for differences and similarities among communities.
One approach to identify determinants of community organization is
through comparative studies that examine communities occurring along
environmental gradients such as physiological stress or resource availability.
While providing valuable basic data, such an approach encourages the
development of testable hypotheses eventually leading to more definitive
studies of community structure, including experimental manipulations.

Existing models for the structure and dynamics of stream communities
are largely based on patterns observed in forested temperate streams. For
example, the River Continuum Concept relates changes in community
structure along stream gradients to changes in physical characteristics of
stream habitats (Vannote et al., 1980; Minshall et al., 1985). The concept
suggests that physical aspects of stream morphology are relatively
predictable from upstream to downstream areas resulting in consistent
patterns of lotic community organization along the lengths of rivers. Prior
studies of stream fishes have provided supportive evidence for a consistent
pattern of community organization associated with spatial or temporal
changes in channel morphology and resource availability (e.g., Horwitz,
1978; Schlosser, 1982a,b). It has been hypothesized that fish assemblage
structure in headwater reaches is generally unstable with natural variation in
community composition resulting from temporal fluctuations in reproductive
success and chance recolonization from downstream refugia. The more stable
environmental conditions present in downstream habitats presumably allow

biotic interactions (i.e., competition, predation) to become important
¥
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determinants of how species exploit food resources and space. Under this
conceptual model, persistence (continued presence of species), stability
(relative constancy of numbers), and trophic complexity should be greater in
downstream reaches of streams.

Because of the limited database and geographic perspective used to
develop stream models, tests are needed in other regions. In this paper, the
relative importance of physical and biological factors in shaping stream fish
community structure along upstream-downstream gradients is examined in
three coastal plain streams from South Carolina. The streams selected are
useful in this comparative approach because each has historically experienced
different perturbation regimes from thermal effluents released by two
nuclear production reactors. These disturbances have resulted in changes in
riparian vegetation characteristics, and lower food chain dynamics as well as
isolating each stream to different degrees from downstream refugia.
Specifically, the following questions were addressed: (1) Do patterns of fish
species richness, diversity, abundance, and trophic composition change along
upstream-downstream habitat gradients and between streams? (2) bo
particular locations within streams exhibit greater compositional variability
over time?, and (3) Is upstream migration important to community
persistence and stability? Our long-term goal is to identify basic patterns as a
first step in investigating the organizational processes of streams and their
biotic communities. These findings also relate to, and should be invaluable
in, assessing the impact perturbation regimes associated with reactor
operations impose on stream systems and eventually lead to identification of

appropriate management programs.




Study Areas

The three stream systems selected for study are located on the U.S.
Department of Energy’s Savannah River Plant (SRP) near Aiken, South
Carolina (Figure 4.1). Pen Branch, Meyer's Branch, and Steel Creek are typical
of other SRP, and coastal plain streams in general, by having a low gradient
(0.2 - 3 m/km, maximum 8 m/km) and flowing through predominantly sandy
sediments. Water is normally clear except during flooding, but is lightly to
intensely colored by organic compounds. Past and present disturbances
caused by the operation of three nuclear production reactors differentiate
the three streams making them useful systems for evaluating hypotheses
about factors controlling community organization.

Channel morphology and riparian vegetation were altered along most
of Steel Creek from 1954 through 1968 when thermal effluents from two
nuclear production reactors were periodically discharged into the stream.
During periods of reactor activity, water temperatures exceeded 40°C, and
discharge rates were approximately 11.3 m3/s along the length of Steel Creek.
On occasion, discharge rates were as Righ as 22 m3/s (Ruby et al., 1981). The
stream has been undergoing post-thermal recovery since 1968 with mean
daily water temperatures now ranging from 7-25°C and discharge rates
typically <2 m3/s. However, the composition of the riparian vegetation and
organic matter processing dynamics of Steel Creek still differ from other
blackwater streams on the SRP (e.g., greater seston concentration and larger
particle size during base flow and slower leaf decomposition rates; Hauer,
1985). The abundance and diversity of macroinvertebrates is also reduced in
Steel Creek compared to other local stream systems (Kondratieff and
Kondratieff, 1985). Differences between these streams is probably related to

reduced availability of woody snags, a major site of invertebrate secondary
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production in southeastern streams (Benke et al. 1984; Smock et al., 1985),
because of the previous high flow rates in Steel Creek. Changes in riparian
vegetation, as an energy source, may also be an important determinant of
changes in invertebrate community dynamics (Webster and Waide, 1982).
Where collections were made (i.e., upstream of reactor discharges), Pen
Branch and Meyer's Branch had never been directly subjected to increased
water temperatures and flow rates associated with reactor operations. Both
are heavily shaded with a well developed riparian vegetation of bottomland
hardwoods or cypress forests that contribute woody material and shape
channel form around stumps and roots of living trees. Each stream, however,
has historicaily been isolated from downstream regions for varying lengths of
time. Since the early 1950s, thermal effluents have functioned as a barrier
isolating the upper reaches of Pen Branch from downstream reaches except
for brief periods of time, generally 3-5 days each month, when regionai
ambient water temperatures and flows (< 2 m3/s) are reestablished and fish
may potentially move upstream. As a tributary of Steel Creek, Meyer's Branch
had been isolated until 1968 when reactor operations ceased and flow and
temperature returned to approximately pre-disturbance conditions. Thus,
Meyer's Branch, Pen Branch, and Steel Creek represent a ‘natural experiment’
because the streams differ in degree of isolation from downstream reinvasion

and prior disturbance regimes aitering trophic dynamics.

Methods
The importance of physical and biological factors controlling fish
assemblage structure was assessed by examining changes of community
attributes between, and longitudinally within, streams. Fish populations

were sampled quarterly beginning March 1984 at seven sites: three along
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Pen Branch (PB), three along Steel Creek (SC), and one on Meyer's Branch
(MB2) (Figure 4.1). Sites in each stream were sequentially numbered (1 to 3)
in a downstream direction. Collections continued through December 1985
with the following exceptions: PB1 after spring 1985 when this site
completely dried and all sites on Steel Creek after October 1985
accompanying the creation of a new reservoir to receive thermal discharges
from the restart of a reactor (L-Reactor) facility on the SRP. Quarterly
collections at two additional sites in Meyer's Branch (MB1 and MB3) were
begun in spring 1985. The sites selected were representative of major
macrohabitat characteristics in each drainage system.

At each site, a 100 m section of stream was selected for sampling. Block
nets (6 mm mesh) were placed across the stream at 50 m intervals to prevent
fishes from escaping from an area. Three sequential passes were made within
a subsection using a backpack or portable electroshocker (D.C. pulsed). All
fish collected were identified, measured for total length (TL), enumerated,
and then released into the section of stream where they were captured.
Total numbers of fish collected at each site were used to caiculate the
Shannon-Weiner diversity index, H' = - £ pjin(p;) (Southwood, 1978) where p;
is the numerical proportion of species i in the assemblage. Kruskal-Wallis
one-way analysis of variance by ranks was used to detect differences in
diversity, species richness, and relative abundance (calculated as number of
individuals per 100 m2) between stream systems and sites within the different
streams. Correlation analyses were used to examine relationships of species
richness to stream width. All analyses followed procedures outlined in Sokal
and Rohlf (1981) or Daniel (1978). An alpha level of 0.05 was used to indicate

significance.
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Persistence of the species assemblage (continued presence or absence of
species at a site) was measured using a modification of a faunal turnover
index (Diamond and May, 1977; Jarvinen, 1979; Meffe and Minckley, 1987).
Turnover between any two samples was calculated by the formula T= (C +
E)(S1 + S2) where C and E are the number of species appearing or
disappearing between sample periods, and S; and S; are the total number of
species in each sample. An index of persistence (PR) was then calculated from
1-T where T is the mean turnover for the assemblage from all adjacent
sample periods. Persistence values range from 0 (complete turnover of the
assemblage) to 1.0 (complete persistence).

Assemblage stability was tested by analyzing concordance of ranked
relative abundances over the study period. This procedure tests the nuil
hypothesis that rankings of species abundance change randomly over time.
Rejection of the null hypothesis supports the alternative hypothesis that the
assemblage has some degree of temporal consistency. Kendall's coefficient
of concordance (W), after correcting for ties, is a nonparametric procedure to
test the significance of changes in species composition over time (Conover,
1971). Significance of W was tested using X2 values following suggestions by
Conover(1971).

For the concordance analysis, only species representing at least 1% of
the numerical abundance in any seasonal collection at a site were included.
This omits rare or infrequently captured species whose capture might not
accurately reflect their abundance, or presence or absence, at a locality.
Recently, Jumars (1980) pointed out that statistical tests for rank correlation
were, in general, suspect since they are based on the null hypothesis that all
rankings are equally likely to occur. Because these analyses were done on a

truncated species list, virtually all of the species included were thought to be

t
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able to achieve moderate to high abundance ranks. Thus, it is felt that our
use of statistical tests for rank correlation were appropriate.

To compare distributions of fish species within the stream systems,
classification analyses were used to group sites on the basis of their similarity
in species abundances. Relative abundances of species collected at a site were
converted to standardized data (x =0, s=1.0). This standardization weights
all species equally, and prevents domination of results by abundant species.
Cluster analysis (average linkage) was done using the Statistical Analysis
System (SAS, 1985). |

Habitat characteristics at each site were surveyed each season when fish
collections were made by recording stream width, depth, current velocity,
and substrate composition (Table 4.1). Line transects positioned at 5 m
intervals in the stream sections were used to determine habitat structure by
estimating the percent each substrate type (e.g., sand, mud, snags)
comprised relative to transect length. Depth and current velocities were
measured at 3-5 positions on each transect, the number of measurements
being dependent on stream width. Canopy cover was the estimated areal
coverage of riparian vegetation overhanging the stream channel.
Measurements of stream discharge were obtained from U.S. Geological
Survey gauging stations located on Pen Branch (PB3) and Steel Creek (SC1 and
$C3). No gauge was present on Meyer's Branch; stream discharge estimates
were obtained by the differential between the two gauges on Steel Creek.
Although discharge rates presented are only from October 1983 through
August 1985, they are typical of the entire study period.

Fish were classified into one of four trophic groups based on personal
observations (Aho et al., unpublished data) and published sources (Carlander,

1969, 1977; Smith, 1979; Bennett and McFarlane, 1983). Surface water




"paUasaLd SIUBWAINSEIW [SUURYI-PIW WOIY $ANIRA AJUQ 44 4

-arensqns [esauiw buikzano abesanod pajewss ey B6uninp Ajuo Ajuewnd Juasald

-uonelaban par1oos pue ‘sjo01 pasodxa ‘sbeus Aq pajuasaiday

l'E
T4
L9
(0£-S1)
VvLE
S

St
0
0
S8

06
ot

£l
9¢
0S8

S8

0€
6T
st
(6v-21)
X4

0¢

08

06

4
6t
00S

0'S

483
[ T4
S'SlL

(SS-S)
1414

114

St
09

G6
oL

St
1£4
08¢E

8t

69 v'9 9y A 61 1A u
A T4 092 S LT 12z 0ze 0z xep
vSl 66l T SEL LEL 8l ueay
(O,) d1njesadway 1318
(ss-s7) (06-92) (St1-1Z) (00i-17) (001-St) (08-St) abues
8EY 9'vS 8'LS €92 £9 0'GZ  wxs(s/ud) QaDOJRA UCIY
s> s> > S Y4 SE »+ 370D SMUNBP
83103 %
S S S oL ot (¥4 »3INDNIIS prey %
0 0 S S 0 0 319q0> %
0 S 0 0 S (174 [anesb 9,
S6 06 06 S8 S8 SS pnw pue pues %
:a1essqng
oL 0S (1] 06 08 06 13n0) Adoued 4,
S 0 oL S oL 0S jood %
1peseyd
£l 13 9y 8T 6¢ (3 (wdj/w) Judipess
(17 (44 14 0z 8L 8z (u») yrdap ueapy
088 0SE osv ovy 1744 oSt (zw) easy
88 S'E Sv 'A% e Sl (w) Yapim ueay

£ Youeug g yduerg | youesg
s,19kan

s 9AaN

s, 193N

£)991) ZNI3D  LRB3ID £ Yuerg z yuesg | Yuesg
EL 19315 1931$ uad uad udd

‘sa|dwes

3jqejieae ||e JBA0 PIIeINI|eD IIIM SIN|R/ "SWedNS dYS 99443 UO S35 JO sansuaeleyd jeligey paypaias L'y 9iqey



invertivores (SWI) fed on drift in the water column and terrestrial insects at
the water surface. Generalized invertivores (Gl) ingested a range of animal
and plant material, including terrestrial and aquatic insects, and small fish;
<25% of their diet was plant matter or detritus. Benthic invertivores (B)
ingested predominantly immature benthic macroinvertebrates. Invertivore-
piscivores (IP) fed on a variety of aquatic invertebrates and small fish; species

ranged from almost complete piscivory (Esox americanus) to lesser degrees of

piscivory and increased ingestion of invertebrates (e.g., Lepomis gulosus).

Species captured in all streams, and their assignment to trophic groups, are
listed in Table 4.2. Temporal variability in trophic compaosition at each site

was examined using X? tests.

Results
Habitat structure

Temporal variation in discharge was similar in all three streams during
the two-year sample period (Figure 4.2). Flow rates were generally highest
from October 1983 through May 1984 and quite variable within a month.
This was particularly evident in Steel Creek where daily fluctuationsin natural
stream flow were also periodically augmented by tertiary treated wastewater
from one of the reactor sites. Discharge rates then declined and remained at
low levels for the remainder of the period data was available and for the
duration of the study. For portions of Steel Creek and Pen Branch, water
levels changed sufficiently that some stream sections remained completely
dry for portions of the study (PB1) or were temporarily dewatered for ca. 3
weeks in June 1985 (SC2). The prolonged period of reduced discharge was

associated with a severe drought in the southeastern U.S.
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Table 4.2. Names and trophic classification of fish species collected from Pen
Branch, Steel Creek, and Meyer's Branch. Trophic groups: surface-
water invertivore (SWI) generalized invertivore (Gl), benthic
invertivore (BI), and invertivore-piscivore (IP).

Scientific name

Common name

Trophic classification

Notroprs Iutl{)mms Yellowfin shiner SWi
Nocomis leptocephalus Bluehead chub Gl
Notropis chalybaeus Ironcolg rshiner SWi
Notropis cummmgsae iner SWi
Notropls emiliae Pu nose minnow SwWi

otemlgonus crysoleucas Golden shiner SWiI
I\/ OpSIS rubr:frons Rosyface chub SWi
otropis leedsi Bannerfin shiner SWi
Semotilus atromaculatus Creek chub SWi
Notropis petersoni Coastal shiner SWi
Hypentilium nigricans Nort ern hoqfucker Bl
Erimyzon sucetia Lake chubsucke Bl
Erimyzon oblongus Creek chubsuc er BI
Minytrema melanops \Potte suc er Bl
Ictalurus natalis flow bullhea Bi
Ictalurus nebulosus Brown bullhea BI
Ictalurus platycephalus Flat bullhead iP
Ictalurus brunneus Snail bullhea Gl
Noturus leptacanthus Speckled madtom P
Noturus insignis argined madtom IP
Noturus gyrinus Tadpole madtom IP
Mlcrotpterus salmoides Lar emouth bass P
Acantharchus pomotis sunfish P
Lepomis marginatus Do ar sunfish Gl
Lepomis auritus dbreast sunfnsh Gl
Lepomis punctatus SPotte sunfish Gl
Centrarchus macropterus Gl
Lepomis gulosus Warmouth IP
Lepomis macrochirus Bl uegb Gl
Enneacanthus chaetodon Blackbanded sunfish Gl
Enneacanthus gloriosus Bluespotted sunfish Gl
Elassoma zonatum Banded gmy sunfish Gl
Esox americanus Redfin pickerel IP
Esox niger Chain pickerel IP
Amia calva Bowfin IP
Labidesthes sicculus Brook snlversude SWiI
Anguilla rostrata American eel P
redoderus sayanus Pirate perch Gl
mbra pygmaea Eastern mudminnow Gl
Chologaster cornuta Swampfish Bl
Gambusia affinis Mosquitofish SWI
Fundulus Imeolatus Lined topminnow SWI
Fundulus c rysotus Gold topminnow SWi
Perca Iavesc$ Yellow perch iP
Etheostoma fricksium Savannah darter Bl
Etheostoma g mstedl Tesselated darter Bl
Etheostoma fusiforme Swamp darter Bl
Etheostoma serriferum Sawcheek darter BI
Percina nigrofasciata Blackbanded darter Bl
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Habitat heterogeneity within and between streams was limited
(Table 4.1). Substrate composition was similar between streams being
dominated by erosional sand. Sites in Steel Creek generaily had the lowest
substrate heterogeneity (approximately 5% hard structure and 5% leaf/
detrital cover) and the highest mean current velocities although the range
was comparable among all sites. Habitat structure was similar at comparable
sites within each stream with greater substrate variability in the headwater
reaches and domination by sand in the downstream most sites. Pen Branch 1
differed slightly in being the only site having well-defined run-pool
sequences. Pool habitats were present in other sites, but were formed
primarily in the vicinity of a bend in the channel. Of the other physical
variables measured, channel width and canopy closure differed most
between sites, but these differences were characteristic of the particular site
rather than the watershed. Habitat structure fluctuated seasonally, but was
more influenced by temporal changes in habitat volume than in significant

shifts in substrate compaosition.

Fish assemblage structure

Fish community diversity differed slightly between stream systems.
Steel Creek had the highest diversity followed by slightly lower values for Pen
Branch and Meyer's Branch (Table 4.3). The differences between stream
drainages were, however, not significant (Kruskal-Wallis ANOVA, H=1.16,
p>0.10). Significant changes in assemblage diversity were nevertheless
apparent between sites (Kruskal-Wallis ANOVA, H = 16.68, df=8, p<0.05).
Within each stream, diversity was greatest at the downstream sites, and
except for PB1, increased in a downstream direction. No consistent temporai

pattern of variation in assemblage diversity was observed along the
t
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upstream-downstream gradient, but was generally greatest in Steel Creek.

Seasonal patterns of change were comparable between sites with values

usually being lowest in winter.

The pattern of mean species richness across streams was similar to that
of diversity (Table 4.3). Overall, species richness ranged from 8.4 to 25.0.
Although the number of species was slightly higher in Steel Creek, there were
no significant differences between stream systems (Kruskal-Wallis ANOVA,
H =3.80, p>0.10). Changes in species richness between sites (Kruskal-Wallis
ANOVA, H=33.71, df =8, p<0.005) were, however, observed in all streams.
Richness was considerably lower in the upstream reaches and progressively
increased in downstream regions. Stream size had a significant effect on
species richness (Spearman rank correlation, r=0.83, df=7, p<0.05).
Temporal variability in the number of species was observed at all sites, but
like diversity, there was no consistent trend in the extent of variation
observed either along the upstream-downstream gradient within streams or
between stream systems. Numbers of species at a site varied over time, but
exhibited no consistent pattern of change. Variability in assemblage
complexity within a site was influenced by the periodic inclusion of
infrequently captured species (see Table 4.5).

Between Pen Branch, Meyer’s Branch, or Steel Creek, there were no
significant differences in the mean relative abundance (number of individuals
per 100 m2 of stream) of fish (Kruskal-Wallis ANOVA, H=0.28, p>0.50). For
each stream, however, fish abundance was highly variable both temporally
and spatially. There was no consistent overall pattern either within or
between seasons for abundance changes along the upstream-downstream
gradient. In Pen Branch, abundance was greatest at the middle reach station
(PB2) whereas in Steel Creek, the middle site (5C2) generally had the fewest

¥
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fish. Progressive declines in abundance were observed in Meyer's Branch in
the downstream regions. Temporal changes within sites emphasize
variability in recruitment success, but there was no obvious association with
flow regime (Figure 4.2).

Total richness (the total number of species recorded over all collections
from each stream-site category) changed longitudinally within each stream
system (Table 4.4). Proceeding downstream from the headwaters, changes in
fish composition were associated with the gradual addition of species. There
were few cases of species replacement. Shifts in compositional abundance
between sites occurred for most species, declining in all directions (upstream,
downstream, or mixed being either least or most abundant at mid-stream
sites). Of the 49 recorded species representing 16,660 individuals, nine were
ubiquitous in occurrence across all sites and eight of these (yellowfin shiner

Notropis lutipinnis, bluehead chub Nocomis leptocephalus, speckled madtom

Noturus leptacanthus, redbreast sunfish Lepomis auritus, spotted sunfish L.

punctatus, pirate perch Aphredoderus sayanus, redfin pickerel Esox

americanus, and tesselated darter Etheostoma olmstedi) alone accounted for

>80% of all the individuals collected. Yellowfin shiners were the single most
abundant fish representing >40% of the total numerical abundance in any
stream. An additional eleven species were present at seven or eight of the
sites. No unique species were associated with the headwater reaches of any
stream. The proportion of the total richness of species in each stream that
was ubiquitous in occurrence tended to decrease in a downstream direction.
Values ranged from 83 to 35% in Pen Branch, 46 to 31% in Meyer's Branch,
but were lower and more variable in Steel Creek (SC1-33%, $C2-39%, SC3-
23%). Overall, the pattern suggests increasing faunal uniqueness of the fish

assemblage in a downstream direction.
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Despite the widespread occurrence of most species, the cluster analysis
effectively displayed spatial variation in the fish communities (Figure 4.3). it
indicated a low level of similarity between the assemblages at PB1 and SC3
and those of the remaining sites. Common to both these sites was either the
absence, or low abundance, of yeilowfin shiners. While sites from the same
stream system are occasionally grouped together providing evidence of
faunal affinity, the inclusion of the remaining seven sites within the same
major group suggests a high degree of similarity (low distance separating
sites) within and between streams regardless of prior disturbance regimes.

The consistency in assemblage composition was also demonstrated in
the trophic structure of the fish assemblages. Community trophic structure
was considered stablie across both seasons and sites. Only at two Meyer's
Branch sites (MB1 and MB3) and one Steel Creek site (SC1) were significant
shifts in composition observed (X2=50.1, df=9; X2=58.2, df=9; X?=100.7,
df = 18, respectively, all p<0.01). The direction of compositional change was
similar in ail three locations with greater recruitment success of generalized
invertivores (e.g., bluehead chub) in association with the low flow regime in
1985 (Table 4.5). These temporal differences, however, did not influence the
pattern of essentially no difference in trophic structure across stream sites
except at PB1 (Figure 4.4). Surface water invertivores were the dominant
feeding group at most sites. Representation by generalist invertivores and
benthic invertivores were similar and invertivore-piscivores were least
numerous. In contrast, the trophic structure at PB1 was strongly dominated
by invertivore-piscivores. Contributions of generalist and benthic
invertebrate feeding fishes to the entire assemblage were similar to other

sites.
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Figure 4.3. Classification analysis of the nine stream sites on the Savannah
River Plant using average linkage clustering. Stream site
abbreviations are Pen Branch (PB-13), Steel Creek (SC1-3), and

Meyer's Branch (MB1-3).
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LOCATION

Between site variation in the trophic guild composition of the fish
assemblage in three streams on the Savannah River Plant. Stream
site abbreviations are Pen Branch (PB1-3), Steel Creek (SC1-3), and
Meyer's Branch (MB). Trophic groups are surface-water invertivore
(SW1), generalized invertivore (Gl), benthic invertivore (1), and
invertivore-piscivore (IP).

¢ 166

T A T T

AT S T T T ¥ - s > oo s
R A AR AR NGRS P AL T8 R g o S T Y LR LS LSt S AN



Most individual fishes captured were less than 100'mm total length (TL).
Size composition in the populations varied little with longitudinal position in
a stream. Length-frequency analysis was performed on the eight most
abundant species. Longitudinal shifts in size distribution were observed only
for yellowfin shiners (Figure 4.5), and were particularly striking in Steel Creek
with size within a year class progressively decreasing in a downstream
direction. The presence of small fish at all sites indicated differences were
not necessarily a breeding preference for the smaller reaches of the stream.
Instead, the temporal consistency of the pattern suggests that actual
conditions within the stream (e.g., width, habitat volume) were responsible
for the observed shifts in body size between sites. Changes in size
distribution also paralleled changes in yellowfin shiner abundance. Similar
patterns for shifts in size structure of Notropis lutipinnis were also observed
in Pen Branch and Meyer’s Branch.

Based on seasonal collections, ichthyofaunal composition and rank
order of species abundances varied only slightly over the study period
regardless of site or stream system (Tables 4.5 and 4.6). Persistence values
determined for all sites indicated no trend for greater compositional
variability within upstream reaches compared to downstream sites. There
was also no pattern of a gradual increase in compositional consistency from
Pen Branch, Steel Creek, or Meyer's Branch. Values were high (>0.70)
indicating that local immigration and emigration occurred infrequently in
these small streams. Concordance of species rank order of abundance over
time were also significant (Tables 4.5 and 4.6). Hence, the null hypothesis is
rejected, and a view of assemblage stability across all sites is supported.

Similar to persistence values, there was no obvious trend for concordance
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Table4.6. Analysis of fish assemblage persistence and assemblage stability
using an index of persistence (PR) and Kendall's Coefficient of
Concordance (W) for nine stream sites on the Savannah River Plant.
W indicates a level of overall concordance from 0 (no correlation)
to 1 (complete concordance). P = probability of a Type 1 error.

Site PR w P

PB1 0.78 -*

PB2 0.79 0.67 <0.01
PB3 0.80 0.62 <0.01
sC1 0.70 0.74 < 0.01
sC2 0.76 0.58 < 0.01
SC3 0.76 0.60 < 0.01
MB1 0.76 -

MB2 0.83 0.68 < 0.01
mB3 0.73 -

*No estimate of assemblage stability calculated because of limited collected
period.




values to change in a consistent longitudinal pattern or between stream

systems.

Discussion

For the three coastal plain streams on the SRP, predictions formulated
from pre-existing models of stream fish community structure were: (1) Pen
Branch should have the least number of species because of its isolation, have
a simple trophic structure of generalized invertivores, and exhibit low
temporal persistence and stability in species composition; (2) Steel Creek
should have greater species richness, persistence, and assemblage stability
than Pen Branch because of greater recolonization potential but should show
changes in species composition and guild organization that reflect changes in
habitat and organic matter processing because of prior thermal disturbance
and high flow rates; and (3) Meyer's Branch should have the most species, the
most complex trophic organization, and should exhibit the least temporal
fluctuations in assemblage persistence and stability. It was anticipated that
all streams would also exhibit longitudinal changes, with headwater areas
having the fewest species, simplest trophic organization, and reduced
persistence and stability compared to downstream reaches.

Our observations, however, contrast with several of the predicted
patterns. Perturbation regimes associated with high temperatures and flows
in these headwater streams have modified channel morphology, trophic
dynamics, and openness of habitats to recolonization. Seasonal fluctuations
in discharge regimes produce a physically active stream channel whose
substrate is dominated by erosional sand. Yet, species compoasition, trophic
structure, and persistence/ stability of the assemblage does not appear to

reflect the importance of these physical factors in structuring the fish
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assemblage within each drainage as identified in other studies (e.g.,
Schlosser, 1982a; Horwitz, 1978; Grossman et al., 1982). Determining the
reasons for these differences is important for both generating theories for
understanding fish community dynamics and for establishing ecologically
sound management strategies (Karr and Schlosser, 1978; Karr and Dudley,
1981; Murphy et al., 1981).

Changes in assemblage richness and diversity were observed in all three
stream systems with species additions being more pronounced than species
replacements and concurrent shifts in relative abundance occurring between
the upstream and downstream portions of each stream system. In several
studies, channel morphology, and flow regime have been shown to be
important determinants of habitat stability and a broad range of fish
community attributes (Schlosser, 1982a; Angermeier and Karr, 1983;
Matthews, 1985). Successional changes in the number of fish species,
diversity, age structure, and trophic structure along longitudinal gradients
have been related to environmental harshness and physical habitat diversity
that change with increasing distance from the headwaters (Harrel et al.,
1967; Sheldon, 1968; Whiteside and McNatt, 1972; Lotrich, 1973; Hocutt and
Stauffer, 1975; Echelle and Schnell, 1976; Gorman and Karr, 1978; Evans and
Noble, 1979; Barila et al., 1981; Guillory, 1982; Schlosser, 1982a,b;
Angermeier and Karr, 1983).

From a macrohabitat perspective, changes in fish community
characteristics in Pen Branch, Steel Creek, and Meyer's Branch occurred
despite a lack of spatial and temporal variation in substrate composition
between sites. While substrate composition may be a determinant in other
systems (Gorman and Karr, 1978), results from these stream systems suggest

habitat volume is probably the most important physical factor influencing
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species richness and diversity with changes in depth occurring along a stream
size gradient. The high faunal similarity among sites probably reflects the
overall comparable habitat characteristics at each site. The observed
dissimilarity between the downstream site on Steel Creek and other sites
indicates the contribution species usually associated with river-swamp
habitats can have toward the fish assemblage structure. Differences in the
fish fauna in the upper reaches of Pen Branch compared to other sites
probably reflects the change in habitat structure to a nonsand substrate,
more hard structural cover, and greater pool habitat. Similar observations
about the importance of velocity and habitat size (primarily depth and width)
as factors influencing assemblage composition in SRP streams have also been
made by Meffe and Sheldon (1986).

Alteration of the riparian vegetation and channel morphology has
resulted in differences in the dynamics of organic matter processing in Steel
Creek compared to other SRP streams (Hauer, 1985). Organic inputs from
riparian vegetation are relatively predictable in natural headwater streams in
the eastern United States (Bell et al., 1978). Autochthonous production is
usually a minor component of the organic matter budget. Removal of
vegetation and exposure to greater sunlight usually shifts the energy base
toward autochthonous sources and the period of maximum abundance from
fall and winter to spring and summer; responses by the fish assemblage to
these modifications usually results in increased composition of herbivore-
detritivore feeding groups. However, there was no accompanying shift in
trophic structure of the fish assemblage. Dietary groups were relatively
unspecialized in the three streams studied with all four groups depending on
insects or other invertebrates as sources of prey. In coastal plain streams,

specialized diets may be unreliable if the distribution and abundance of
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invertebrate prey is being affected by shifting sand substrates. While most
fish species have habitat preferences that determine patterns of distribution
and abundance, they are widespread in SRP streams and are probably food
generalists.

Persistence and stability of the fish assemblage were high in ail sites and
did not reflect the placement of a site along either an upstream/downstream
gradient. Prior studies have indicated that the demonstration of long-term
compositional persistence and stability is evidence that interactive
mechanisms (e.g., competition or predation) may be important determinants
of assemblage structure (Moyle and Vondracek, 1985; Ross et al., 1985;
Grossman, 1982, 1985). While not directly tested using either controlled
laboratory experiments or field manipulations, the consistent change in size
structure and abundance of yellowfin shiners along the stream gradient is
also regarded as supportive evidence for the operation of biotic interactions
in assemblage dynamics. Because of increased abundance of other surface
water invertivores in downstream sites, yellowfin shiners could be food
limited which could lead to lower growth rates, fecundity, and densities.
Predation pressure could also change the length distributions and densities of
yellowfin shiners if birds, or other predators, which select larger prey sizes
are more effective or common where streams are larger. Changes in size
structure, fecundity, and density along stream gradients in response to biotic
changes in prey availability and predation risk have been shown to occur in
several environmentally stable warm water streams (Anderson, 1985). The
application of these observations, and importance to stream dynamics,
however, needs further examination particularly in light of predictions based

on the River Continuum Concept.
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However, Connell and Sousa (1983) indicated that temporal analyses of
assemblage structure are only meaningful if the system experiences
disturbances of a magnitude that could disrupt structure, and cover at least
one cohort generation. If not met, equilibrium patterns may simply indicate
a lack of environmental change or the presence of long-lived species. Both
conditions are met in this study. All sites experienced large fluctuations in
water levels, and thus reducing habitat volume, with reaches of stream, such
as SC2 or PB1, either being temporarily dewatered or drying up completely
during the study because of the drought. While showing a high faunal
persistence while water was present, conditions at PB1 reflect the
environmental uncertainty associated with small, headwater stream reaches,
and in that respect is similar to other studies. The study period is short in
comparison to other investigations, but limiting concordance tests to only
sites where collections had been made for more than 18 montbhs, it was felt
comparisons were genuine because many of the species (e.g. yellowfin
shiners) live less than two years (Carlander, 1969, 1977). However, baseline
survey observations made for many of the streams on the SRP in the early
1950s (Freeman, 1954) indicate many of the same species have been present
in these drainages for more than 30 years indicating that persistence of the
fish fauna is high.

Recolonization dynamics were important in the repopulation of Steel
Creek following abatement of high water temperatures and discharge rates.
The presence of eels in Pen Branch also suggests some upstream migration
can periodically occur when reactor operations cease for varying lengths of
time. The contribution immigration makes to the assemblage, however, is
thought to be only minor for several reasons. These include observations

indicating that many of the species captured moving upstream from an
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extensive river-swamp system, were either larger than species regularly found
or are species not regularly found in the streams (Aho and Anderson,
unpublished data; see Chapter V). Although the potential exists for fish to
move widely within the streams, few fish actually move long distances within
the streams and no species marked from a downstream location were ever
caught in any of these stream sites. Finally, in situ recruitment has been
observed for most of the major families of fish in these streams (Pailer, 1985).
Thus, the high persistence and stability of the assemblage regardless of prior
history of isolation indicates recolonization/extirpation cycles are not a major
force influencing the stream fish community dynamics. Colonization of PB1
will occur when water levels rise, but will be from predominantly internal
sources and not external to the tributary itself. Faunal similarity will probably
be high compared to pre-drought characteristics, and will occur within a
short period of time as observed in other stream systems (Gunning and Berra,
1969).

Our observations, therefore, suggest that fish assemblages in
southeastern streams are less influenced by flood events (Minckley and
Meffe, in press), temporary droughts, or prolonged periods of cold
temperatures than fish communities in midwestern and mountain systems.
Physical factors are important determinants of assemblage structure, but
biotic interactions apparently are assuming greater importance in these
stream systems than expected. Recolonization dynamics are important
following major disturbance events, but the persistence and stability of the
assemblage suggests southeastern streams are approaching their carrying
capacity. The dominant role of habitat structure (habitat volume) suggests
that modifications such as channelization could have adverse effects on

assemblage properties. Although small in overall habitat configuration, snag
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removal could also be important to fish assemblage structure and function.
Snag habitat has been identified as a major site for invertebrate secondary

production (Benke et al., 1984; Smock et al., 1985).
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Conclusions
Fish communities were sampled. in three SRP stream systems, Pen
Branch, Meyer's Branch, and Steel Creek. The objectives of the study were:
(1) to determine the kinds, relative abundance, species diversity, and trophic
composition of fishes in selected stream systems on the SRP and assess
utilization patterns within different portions of each stream, (2) to determine
whether particular locations within streams exhibit greater compositional
variability over time, and (3) to determine the importance of upstream
migration to community persistence and stability. éatterns in fish species
composition, distribution, and abundance within and between stream
systems are also important in evaluating past and current effects of reactor
operation on fish community organization. Conclusions of the study are
summarized below.
® Based on the capture of more than 16,000 individuals, at least 49
species of fishes inhabit stream systems (Steel Creek, Meyer's Branch,
Pen Branch) on the SRP.
® Species diversity was similar in each of the streams sampled, with Stegl
Creek having slightly higher values in most instances. Diversity
progressively increased in a downstream direction for each stream.
® Nine species of fishes were common to all sampling areas and 11 others
were found at most sites. These 20 species represented >80% of the
captures. ‘
® Mean species richness ranged from 8.4 to 25.0. Steel Creek had slightly
greater species richness probably because of its greater habitat size
(e.g., depth, stream width) and not necessarily because of prior
perturbation regimes. Progressive increases in numbers of species

increased from headwater reaches to downstream.
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Trophic composition of the assemblage was dominated by surface
water invertivores. Generalized and benthic invertivores were similar
in abundance and invertivore-piscivores were the least abundant
except in the headwater reaches of Pen Branch. There was no obvious
change within or across stream systems.

Assemblages abundance was temporally and spatially variable. There
was no consistent overall pattern either within or between seasons for
abundance changes along the upstream/downstream gradient except
in Meyer’s Branch.

Persistence and stability of the fish assemblage was high at all sites
within a stream system.

Persistence and stability of the fish assemblages did not differ between
streams isolated for most of the year from downstream reaches (Pen
Branch), undergoing post-thermal recovery (Steel Creek), and those
that have been open for upstream migration for approximately 20
years (Meyer's Branch).

From a macrohabitat perspective, following a cessation in reactor
operations and subsequent return to regionally typical water
temperatures and flow rates, development of the fish community in
previously thermally impacted streams will eventually approach
characteristics (e.g., richness, trophic composition) found in other

streams on the SRP of comparable size and habitat features.
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V. Recolonization Patterns of Fish in Streams
Receiving Thermal Effluents

From Nuclear Production Reactors

John M. Aho and Charles S. Anderson
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Introduction

Streams are periodically exposed to natural catastrophes, such as floods
and drought, that can influence faunal population dynamics and assemblage
structure. An important aspect of recovery following perturbation is the
pathway and rate of repopulation. The patterns of disturbance and
reinvasion affect community composition, and faunal responses may suggest
common selective forces on the life histories of the species present.

Stream fishes repopulate disturbed habitats either by the active
movement of juvenile or adult fish or by passive downstream drift of larvae.
Of the two, within stream movement (upstream, downstream, or lateral) of
juvenile and adult stages has received the greatest attention, but
observations on the degree, timing, and extent of fish movement has varied
among studies. Some investigations have emphasized limited longitudinal
dispersal of many species (Bangham and Bennington, 1939; Larimore, 1952;
Gerking, 1959; Brown, 1961; Berra and Gunning, 1972) whereas others have
recognized the existence of three different components (sedentary, semi-
mobile, and mobile) of fish assemblages (Funk, 1957; Hall, 1972; Whitehurst,
1981). Utilization of areas along stream margins (e.g., floodplain habitats) is
also variable, being dependent upon channel morphology and fish
behavioral patterns (Starrett, 1951; Guillory, 1979:; Ross and Baker, 1983).
Downstream drift of larval stages (Gerlach and Kahnle, 1981) as a source of
colonists has received less attention, but may be analogous to invertebrate
drift serving as the main pathway of recolonization in permanent streams
(Townsend and Hildrew, 1976; Williams and Hynes, 1976). Thus, species-
specific behavioral, morphological, life history, and physiological
characteristics may all be important in determining community structure and

dynamics. The complexity of these features and spatio-temporal
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heterogeneity of the disturbance regime probably account for the variety of
responses seen in lotic habitats. Some stream systems exhibit high resilience
while others show little similarity between pre- and post-environmental
impact (Gerking, 1950; John, 1964; Elwood and Waters, 1969; Rinne, 1975;
Harrell, 1978; Grossman et al., 1982 and references therein; Ross et al., 1985).

Reestablishment processes are integral to stream fish dynamics in areas
periodically inundated with heated effluents discharged from fossil fuel or
nuclear power generating facilities. Duration of the thermal influence is
variable with periods extending from days to months before water
temperatures typical of surrounding aquatic habitats may again be
established. During periods when temperatures return to normal ambient
levels for the region, fish can potentially reinvade stream channels from
upstream or downstréam refugia. Dynamics of reinvasion and development
of the fish assemblage provide model systems to examine patterns and
processes in ecosystem recovery. Repopulation of these habitats by fish,
however, may lead to their entrapment and the production of fish kills when
high temperatures resume.

This study examines patterns of fish reinvasion of stream channels that
periodically receive thermal effluents from nuclear production reactors.
Particular attention is focused on the importance of upstream migration, but
inferences are made regarding contributions from other sources of colonists.
Specific questions addressed were: (1) Does upstream migration occur, and if
so, does it vary seasonally and with respect to the length of time ambient
water temperatures prevail? (2) Do patterns of utilization differ between
streams of different heat loads and varying distances from source pools? and
(3) Is the composition of fish recolonizing the streams temporally constant, or

does it change seasonally?
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Study Areas

Since the early 1950s, two streams (Pen Branch and Four Mile Creek) on
the Department of Energy's Savannah River Plant (SRP) near Aiken, SC, have
continued to periodically carry heated effiuents from two nuclear production
reactors into an extensive river-swamp system (Figure 5.1). Prior to where the
streams enter the river-swamp, both are similar in discharge (ca. 11.3 m3/s
during operation), and degree of thermail alteration (40-50°C), although Pen
Branch was typically 3-5°C warmer than Four Mile Creek at the specific study
sites. The streams differed, however, in the scheduling of reactor production
activities. Discharge of effluents into Pen Branch occurred approximately on
a monthly cycle. Over a 3-7 day period, discharge rates decline (to ca. 2-5
m3/s), water levels drop (by ca. 0.5 m), and seasonailly ambient water
temperatures are reestablished; for the remainder of time, the stream
receives heated effluents. Longer periods of reactor operation and shutdown
occurred in Four Mile Creek. Within a year, Four Mile Creek will cycle up and
down 3 to 4 times and have periods of seasonally ambient water temperature
and reduced discharge rates usually extending > 20 days. Although these
are typical yearly patterns, operation schedules varied and limited the

development of a regular fixed sampling design.

Methods
Fyke nets (13 mm stretched mesh, 5.5 m body length with three throats
and 7.6 m wings) were used to examine patterns of migration into, and
movement within, the two stream channels. In Pen Branch, six nets were set
during each reactor outage; four were located where the stream channel

enters the Savannah River Swamp System (SRSS) and the other two were ca.
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Figure5.1. Map of the Savannah River Plant with highlights of the
Savannah River Swamp System and location of the fyke nets
(®) and location of backwater habitats (W) sampled by
electrofishing, within Four Mile Creek and Pen Branch.
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1.0 km upstream and positioned along the stream bank (Figure 5.1). An
additional two nets were used twice to monitor the extent of long dis.tance
movement and were located ca. 3 and 6.5 km upstream of the downstream
nets. Only three nets were used in Four Mile Creek; access to the stream
limited placement to a site ca. 1.5 km above its deltaic fan in the SRSS. Thus,
water temperatures at collection sites and distances that fish must move
before capture differed between the two streams.

More nets were necessary to cover the wider (ca. 300 m) and braided
Pen Branch channel. Four Mile Creek fyke nets stretched bank to bank, while
in Pen Branch, only the four main low water channels, as depicted by aerial
remote sensing imagery, that drain into the river-swamp were sampled.
Additional small channels offered opportunity for upstream movement into
Pen Branch, but were likely not important as most were either dry or shallow
(<10 cm) during periods when regional ambient temperatures prevailed.
Attempts to use paired upstream and downstream facing nets to determine
flux rates of individuals or biomass were unsuccessful. On several occasions,
variability in discharge rates associated with reactor operations resulted in
the destruction of the upstream net. Fyke nets used in both streams were,
therefore, situated parallel to the stream channel and only captured fish
moving upstream.

From September 1983 through December 1985, 19 reactor cycles were
investigated on Four Mile Creek (n=3) and Pen Branch (n=16). Upon
notification of a planned cessation in reactor operations, nets were placed in
the stream channels 1-2 days in advance of the shutdown, and then checked
daily for the presence of fish in order to provide estimates of the timing and
extent of reinvasion. Each fish caught was identified, measured for total

length (TL), and weighed. Prior to being released upstream of the capture
1
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site, each individual was either marked by clipping different combinations of
fins if <150 mm TL or given an individually numbered anchor tag. Records
from recaptures would be used to assess the extent and direction of
movement within the stream and determine whether individuals repeatedly
migrated into the streams. Following reestablishment of heated conditions
with the start of a new reactor cycle, nets were removed from the stream and
observations stopped. Thus, all phases of reactor operation were examined
for recolonization. The last outage on Four Mile Creek (> 180 days) was an
exception to this schedule. After ten days, the nets were checked at two, and
at most five, day intervals (mean = 2.6 days).

Five adjacent, backwater sloughs in Pen Branch (n=4) and Four Mile
Creek (n =1) were also electrofished during June-July 1984 (Figure 5.1).
Observations were made to determine whether fish used these habitats as
refugia during periods of reactor operation and, if so, what species were
present and their relative abundance. Daily occurrence of fish kills was also
recorded when nets were examined, and notes were kept on the number of
dead fish seen along the shoreline or floating downstream in a 10 to 15
minute time period (i.e., few--less than 10, moderate--10 to 100 individuals;
and many--greater than 100) and species killed.

Statistical analyses were done using the Statistical Analysis System (SAS,
1985 a,b). Two-way analysis of variance (ANOVA) was used to test for
differences in fish utilization of these streams among reactor cycles and for a
preferred route (stream bank or mid-channel) of reinvasion. For this analysis,
only a time period common to all reactor cycles (6 and 20 days for Pen Branch
and Four Mile Creek, respectively) was used, and numbers of fish species and
individuals caught at net locations (bank or mid-channel) were summed to

provide daily values on the number of species and individuals; only the
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downstream four nets in Pen Branch were used in the analysis. Timing of
reinvasion and daily variability in the utilization of the streams by fishes
within reactor cycles were tested using univariate ANOVA. For all parametric
analyses, data on the number of species and individuals was log (x+ 1)
transformed since the assumption of homogeneity of variance was not
originally met. The influence of water temperature on recolonization
dynamics and variation in the relationship of species richness and total
number of fishes captured were examined using rank correlation analyses.
Chi-square tests were used to detect differences in stream movement
patterns based on positional changes of marked fish in Pen Branch. The
percent similarity index (equation 1 in Hurlbert, 1978) was used as a
quantitative method of comparing similarity of the fish assemblages
reinvading the two stream systems. Percent similarity was calculated as
PS = 100 (minimum pja, Pib)

where pj; and pjp are the proportion of taxon i in samples a and b,
respectively. Analytical methods follow procedures outlined in Sokal and

Rohif (1981) and significance of all testsis p < 0.05.

Results

Temporal patterns of stream use

During periods of reactor operation on either Pen Branch or Four Mile
Creek, fish use was minimal. No fish were ever captured when elevated water
temperatures and discharge rates prevailed. Following cessation of
production activities and a return to seasonally amb.ient water temperatures,
however, fish were consistently captured moving upstream from the SRSS
into both streams. Overall, a total of 3750 fish were captured in the fyke nets

in Pen Branch (n = 2636, 27 species) and Four Mile Creek (n = 1114, 34 species).
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Despite regular use of these habitats by fishes, patterns of repopulation
varied over time (Figure 5.2, Table 5.1). In Pen Branch, assemblage richness
and the total number of individuals entering the stream fluctuated
temporally (Two-way ANOVA, time treatment, richness, Fis, 158 = 3.55,
p<0.001; abundance, Fis, 158 = 3.29, p<0.001; Table 5.2). Patterns of fish
reinvasion were similar between years. Species richness and number of
individuals entering the stream were lowest during winter and progressively
increased over spring before a decreased usage occurred throughout summer
and fall (Figure 5.2, Table 5.1). Although the number of species and overall
abundance varied slightly between months from different years, there were
no detectable within-season differences in either assemblage richness or
number of individuals entering Pen Branch (ANOVA, spring, summer, fall, or
winter comparisons, p> 0.05). Upstream movement, however, differed
between net location (Two-way ANOVA, position treatment, richness,
F1, 158 = 11.29, p<0.001; abundance, F1, 158 = 11.46, p<0.001; Table 5.2)
and was predominantly along the stream bank (>60% species, ca 65%
individuals) (Figure 5.2, Table 5.1). Rodte of reinvasion shifted periodically
(Two-way ANOVA time*position interaction, richness, Fis, 158 = 2.03,
p<0.01; abundance Fis, 158 = 3.66, p<0.001; Table 5.2) with catch in mid-
channel nets being higher on several occasions. The significance of the shift,
however, as a response to water temperature or variation in stream flow is
questioned as there was no consistent pattern in occurrence. Both
temperature and flow are known to fluctuate within and between cycles (H.
E. Mackey, Savannah River Laboratory, Environmental Monitoring Group, E. 1.
Dupont de Nemours and Company, personal communication).

Although observations were limited to three reactor cycles, reinvasion

dynamics in Four Mile Creek were similar to patterns found in Pen Branch

t
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Table5.1. Changes in the mean number of species per day (richness) and
mean total number of individuals (abundance) per day ( £95%
Cl) over time and position of the fyke nets for fishes caught
durin? each reactor cycle on Pen Branch and Four Mile Creek.
Sample sizes for each time period and net position were n=6
in Pen Branch and n = 20 in Four Mile Creek.

Mean number of species Mean number of individuals
Streambank Mid-channel Streambank Mid-channel

Pen Branch

September 1983 1.0%0.0 3813 1.0x00 10.2t64
December 28%19 1.8%1.1 7.3%5.2 6.5%5.1
January 1984 2819 1.0+0.5 7.2%6.9 1.0+0.7
February 43116 1.7+17 10.8+5.0 1.8+1.8
March 9.7%4.1 2.7+14 19.5%9.1 42+24
April 3.5+3.0 05%05 25.8%30.2 0.8*13
May 6.5+25 3311 12.8%5.3 53%27
July 45%10 23%13 11.8%x54 3524
August 23+13 1.8+0.9 3.5£23 3214
October 3515 35%11 3.7%1.7 7.3%33
December 2.5%£09 1.5%11 38+1.7 1.7£1.2
February 1985 1.7£13 05+04 25%23 0504
March 6.0+34 5.2+28 17.8*%15.1 12885
May 56129 22%13 10.2+5.8 2615
June 28%1.1 6.3%£15 5008 19.2%+86
September 3.0%£1.5 20%13 40%23 23%16
Four Mile Creek

February-May 1984 1.9%0.9  2.0%0.7 29£10 2.7+%1.1
October 1984 04+03 2.7+0.8 04%0.2 54%+138
June-December 1985 1.5£0.4 3.2%1.0 35+1.6 8.6+29




Table5.2. Results of analysis of variance examining for differences in the

number of species and relative abundance of fish caught in

ke nets in Pen Branch between reactor cycles and position of

the nets in the stream channel. Data was logio(x + 1)
transformed prior to analysis.

df SS Ms F p
Species Richness:
Reactor Cycle 15 20.25 1.35 3.55 0.0001
Net Position 1 4.29 4.29 11.29 0.0010
Cycle x Position 15 11.51 0.77 2.03 0.02
Error 158 59.93 0.38
Total 189 95.98
Relative Abundance:
Reactor Cycle 15 36.58 2.44 3.29 0.0001
Net Position 1 8.48 8.48 11.46 0.0009
Cycle x Position 15 40.69 2.71 3.66 0.0001
Error 158 116.97 0.74
Total 189 206.72
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(Figure 5.2, Table 5.1). Species richness and total number of individuals
caught moving into the stream differed between reactor cycles (Two-way
ANOVA, richness, F2, 114 = 12.74, p<0.0001; Table 5.3). Upstream movement
of fish was low during winter, intermediate in fall, and while reinvasion was
greatest during late spring to early summer (early in the third cycle), it
declined over the course of the summer months typical of the movement
pattern observed in Pen Branch. Differences in the route of reinvasion were
also detected (Two-way ANOVA, richness, F1, 114 = 25.96, p<0.001;
abundance, Fy, 114 = 33.76, p<0.001; Table 5.3). In Four Mile Creek,
however, mid-channel was the preferred route. The low usage of the stream
bank channels by fish accompanied declining water levels that produced
channels which were either shallow (<10 ¢m) and slow (<15 c¢m/s), or deep
(ca. 1 m) and fast (25-40 cm/s).

Regardless of the time of year, recolonization into either stream was
rapid with individuals captured within 12 hours of a cessation in reactor
operations (Figure 5.3). Intensity of upstream movement at the onset of a
cycle was typically low, and not correlated with mean water temperature in
the first week of a cycle (Spearman rank correlation, r=0.19, df=17,
p>0.10), suggestive that fish entered the streams at approximately the same
rate throughout the year. Species richness and individual abundance then
increased and reinvasion continued for the remainder of the cycle. There
was, however, considerable daily variation in both the number of species and
individuals moving into Pen Branch (ANOVA, richness, Fa1, 1109 =2.09,
p<0.001; abundance, F41, 1109 = 1.96, p<0.001; Table 5.4), but no consistent
pattern of change either within or between cycles was evident (Figure 5.3).
Although daily variability in movement of fish into Four Mile Creek was

observed, the differences were not as pronounced as found in Pen Branch

t
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Table5.3. Results of analysis of variance examining for differences in the
number of species and relative abundance of fish caught in
fyke nets in Four Mile Creek between reactor cycles and

position of the nets in the stream channel. Datawaslog (x+ 1)
transformed prior to analysis.

df SS MS F p
Species Richness:
Reactor Cycle 2 2.55 1.28 5.12 0.007
Net Position 1 6.49 6.49 25.96 0.0001
Cycle x Position 2 4.46 2.23 892 <0.001
Error 114 27.98 0.25
Total 119 41.48
Relative Abundance:
Reactor Cycle 2 10.70 5.35 12.74 0.0001
Net Position 1 14.18 14.18 33.76 0.0001
Cycle x Position 2 10.46 5.23 14.45 0.0001
Error 114 47.35 0.43
Total 119 82.69
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Table 5.4. Results of analysis of variance examining for daily differences
in the number of species and relative abundance of fish caught
in fyke nets in Pen Branch and Four Mile Creek. The temporal
analysis considers only captures on specific fish were able to

reinvade the stream channel.

df

SS

MsS

F p
Pen Branch
Species Richness:
Days in Cycle 41 31.73 0.77 201 <0.001
Error 1109 427.59 0.39
Total 1150 459.32
Relative Abundance:
Days in Cycle 41 58.96 1.44 1.96 <0.001
Error 1109 812.14 0.73
Total 1150 871.09
Four Mile Creek
Species Richness:
Daysin Cycle 101 39.06 0.39 094 >0.60
Error 330 135.39 0.41
Total 431 174.45
Relative Abundance:
Daysin Cycle 101 65.16 0.65 0.83 >0.85
Error 330 256.59 0.78
Total 431 321.76
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(Figure 5.3, Table 5.4). Some variability in reinvasion was associated with the
increase in discharge rates prior to a resumption of reactor activities,
particularly for the cycles of less than 14 days duration. For longer periods of
reactor inactivity, decreased upstream migration was also associated with

seasonal changes in fish activity.

Within stream movement patterns

In Pen Branch, representatives of all species and greater than 75% of all
individuals were initially caught and marked in the nets adjacent to the SRSS.
While the capture of unmarked fish at the upstream nets prevented
estimation of either the total number of fish or biomass entering the stream,
their presence, plus five additional fish (one marked) caught in two nets
located further upstream, indicated movement within the stream could be
widespread. The extent of upstream movement within the stream, however,
was not influenced by the duration of ambient water temperature and low
discharge conditions. Fish moved upstream in all periods of observation, but
there was no apparent change in the proportion of fish captured at the
upstream nets between reactor cycles of différing length (Spearman rank
correlation, r = 0.20, df = 14, p>0.05). Although movement throughout the
stream was possible (except for a man-made riffle >8 km from the SRSS),
comparatively few fish moved great distances upstream over periods of time
when conditions were hospitable in Pen Branch.

Instead, based on positional changes made by marked individuals
within the stream, most fish exhibited a combination of directional
movement patterns (Table 5.5). Many fish continued upstream from the
lower nets, but others were subsequently recaptured after making local
movements (i.e., the same individual was recaptured multiple times at the

¥
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Table 5.5 Direction of continued movement of fish within Pen Branch
based on mark-recapture studies.

Direction moved: Upstream! Downstream2 Lateral3 Local4
Number of
observations: 25 18 16 30

X2 = 5.61 p>0.10

1Fish caught upstream of initial capture

2Fish caught downstream of initial capture

3Fish having shifted lateral position between net locations

aFish recaptured only at the same net of initial capture; multiple recaptures
of same individual only counted once
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same net), shifting position laterally in the stream channel, or moving
downstream. As no significant difference was detected between frequencies
of these differenf behavioral patterns (x2 = 5.61, df = 3, p>0.10),
movement of fish within the stream was apparently random. Recapture of
marked individuals between cycles was also limited. On only two occasions

were single individuals of longnose gar (Lepisosteus osseus) later recaptured

upon reinvading the streams. A bowfin (Amia calva) and a warmouth

(Lepomis gulosus), which had been previously marked in other portions of
the SRSS (Aho and Anderson, unpublished data), were also captured moving
into Pen Branch. The bowfin had moved ca. 7 km in 31 days, and the
warmouth had moved ca. 3 km in 10 days.

Within Four Mile Creek, continued upstream migration was limited by a
spillway dam located approximately 1 km above the nets, but our
observations indicated fish were present at the base of this barrier on several
occasions. No fish marked in a prior reactor cycle or a different region of the

SRSS were r;ecaptured in Four Mile Creek.

Species composition

Similarity of the fish assemblage repopulating Four Mile Creek and Pen
Branch was high (75% similarity). Of the fish captured, centrarchids were the
most numerous and dominant taxa with >30% of all species recorded and
> 60% of the individuals (Figure 5.4; Table 5.6). Fifteen species were
considered as common (> 1% of numerical abundance), but five species

(spotted sunfish Lepomis punctatus, lake chubsucker Erimyzon sucetta,

golden shiner Notemigonus crysoleucas, redbreast sunfish Lepomis auritus,

and longnose gar) represented more than 50% of the fish entering the
streams. Although frequently observed in the streams, the absence of other

cyprinids (e.g. coastal shiner Notropis petersoni) and mosquitofish (Gambusia
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Table5.6. Summary of the frequency of occurrence (%) and mean
abundance (x) of fishes captured in each reactor cycle in Pen
Branch and Four Mile Creek and species group designations
(1=rare, 2=intermediate, 3=common).” Assignment of a

species to a group was based on its frequency of occurrence in
both streams.

Pen Branch Four Mile
(n=16) (n=3) Group
% X % X

Amiidae

Amia calva 43.7 2.1 1000 7.7 2
Anguillidae

Anguilla rostrata 25.0 0.5 33.3 1.0 1
Aphredoderidae

Aphredoderus sayanus 50.0 4.5 33.0 10.7 2
Catostomidae

Erimyzon sucetta 93.7 24.4 100.0 45.7 3

Minytrema melanops 18.7 0.3 33.3 1.7 1

Moxastoma anisurum 33.3 0.3 1
Centrarchidae

Lepomis auritus 100.0 12.1 100.0 173 3

Lepomis guiosus 75.0 8. 1000 11.7 3

Lepomis gibbosus 125 ° 0.3 33.3 0.3 1

Lepomis macrochirus 56.2 3.4 1000 11.0 2

Lepomis marginatus 81.2 7.5 100.0 26.3 3

Lepomis microlophus 375 1.8 100.0 6.7 2

Lepomis punctatus 100.0 50.8 100.0 140.7 3

Enneacanthus gloriosus  37.5 09 66.7 3.0 2

Pomoxis nigromaculatus  50.0 1.1 66.7 2.0 2

Centrarchus macropterus 43.7 2.8 66.7 10.0 2

Micropterus salmoi%es 100.0 10.8 100.0 20.3 3

Acantharchus pomotis 6.3 <0.1 33.3 03 1
Clupeidae

Dorosoma cepedianum 56.2 3.6 66.7 6.3 2

Alosa mediocris 33.3 0.7 1

Alosa aestivalis 333 0.3 1

212

B R Aar e




Table 5.6. Continued

Pen Branch Four Mile
_(n=16) An=3) Group
% X % X

Cyprinidae

Notemigonus crysoleucas 93.7 12.6 100.0 19.3 3

Cyprinus carpio 33.3 0.3 1
Esocidae

Esox americanus 375 1.6 66.7 5.0 2

Esox niger 6.3 0.1 33.3 3.7 1
Ictaluridae

ictalurus nebulosus 25.0 0.3 33.3 1.3 1

Ictalurus natalis 25.0 0.6 66.6 1.0 2

Ictalurus punctatus 6.3 <0.1 333 1.0 1

Noturus gyrinus 333 0.3 1

Ictalurus platycephalus 66.7 0.7 1
Lepisosteidae

Lepisosteus osseus 375 129 1000 11.0 2

Lepisosteus platyrhinchus 12.5 1.6 33.3 1.3 1
Percidae

Perca flavescens 6.3 <0.1 33.3 0.3 1
Umbridae

Umbra pygmaea 333 0.3 1
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affinis) reflected the bias of the nets against collecting small, elongate fishes.

In addition to fish, alligators (Alligator mississippiensis) and turtles

(Trachemys scripta, T. floridana, T. concinna, Chelydra serpentina, and

Trionyx spiniferus) were caught moving into both streams over the period of

study.

For the common species of fish captured moving into either stream, size
range was broad ranging from a spotted sunfish of 34 mm total length to a
longnose gar having a total length of 913 mm (Table 5.7). Based on size
distribution patterns of the common species, both juvenile and aduit fish
were caught moving upstream, regardless of the time of year. Some species,
however, were primarily only captured as adults. These included bowfin

Amia calva, gizzard shad Dorosoma cepedianum, spotted sucker Minytrema

melanops, and longnose and Florida gar Lepisosteus platyrhincus.

Based on patterns of species utilization among reactor cycles for both
Pen Branch and Four Mile Creek, three groups of species were identified
reinvading the streams (Table 5.6; Figure 5.5). The first had the most species,
but was composed of rare and infrequently encountered taxa (occurring in
<30% of the reactor cycles) that exhibited no consistent pattern in either
time of appearance or peak abundance. The second group included 11
species that occurred in 30-70% of the reactor cycles and had peak activity
primarily during spring to early summer, with many individuals
reproductively active. Representatives of this group included pirate perch

Aphredoderus sayanus, longnose gar, redfin pickerel Esox americanus, flier

Centrarchus macropterus, and warmouth. The last group (seven species) was

found reinvading the streams in >70% of the reactor cycles with five species
(spotted sunfish, golden shiner, lake chubsucker, redbreast sunfish, and

largemouth bass Micropterus salmoides) consistently (>90% of the cycles)

t
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Table 5.7.

Summary of the mean length (*1 SE) and range of sizes for

fishes caught in Pen Branch and Four Mile Creek.

Species

Pen Branch

Four Mile Creek

Amiidae
Bowfin
Amia calva
Anguillidae

Ameriqan eel
Anguilla rostrata

Aphredoderidae

Pirate perch
Aphredoderus sayanus

Catostomidae

Lake chubsucker
Erimyzon sucetta

Spotted sucker
Minytrema melanops

Silver redhorse
Moxostoma anisurum

Centrarchidae

Redbreast sunfish
Lepomis auritus

Warmouth
Lepomis gulosus

Pumpkinseed
Lepomis gibbosus

Bluegill )
Lepomis macrochirus

Dollar sunfish
Lepomis marginatus

Redear sunfish
Lepomis microlophus

Spotted sunfish
Lepomis punctatus

499.9 £ 25.6 (110-656)

398.1 £35.8(301-603)

84.7 £2.0 (53-102)

163.2£2.1(63-317)

355.5 £99.3 (109-480)

129.9 £2.7 (60-223)

182.1 £3.2(70-250)

146.3 £9.7 (133-175)

133.7 £6.0 (91-224)

76.7 £0.9 (56-103)

168.5 £6.3 (91-224)

90.3£0.7 (34-160)
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512.9 £19.2(349-780)

390.5 £94.5(296-485)

85.0 £ 1.3(66-100)

170.9 £4.4(83-306)

371.0 £49.7(248-520)

127

94.9£5.2(44-170)

148.8 £7.8(66-248)

86

116.4 £ 10.8(62-205)

75.9 £0.9 (54-93)

116.4£10.8(62-205)

87.3£0.9(55-145)



Table 5.7. Continued

Species Pen Branch Four Mile Creek

Centrarchidae - continued

Bluespotted sunfish
Enneacanthus gloriosus 66.9 £ 1.4 (55-79) 66.7 £ 2.2 (60-80)

Flier

Centrarchus macropterus 135.5+3.4(66-177) 136.1+£3.7(99-185)
Mud sunfish

Acantharchus pomotis 94 85
Black crappie

Pomoxis nigromaculatus 163.4 % 10.7 (95-254) 150.5 £30.0(80-263)

Largemuth bass
Micropterus salmoides 1249 +3.8(72-368) 129.3+£8.3(72-575)

Clupeidae

Blueback herring
Alosa aestivalis 272.0%£2.0(270-274)

Hickory shad
Alosa mediocris 290

Gizzard shad .
Dorosoma cepedianum 292.5+6.0 (147-370) 201.1%24.5 (85-375)

Cyprinidae

Golden shiner
Notemigonus crysoleucas 149.9£2.1 (64-234) 142.7 £3.7(101-246)

Carp
Cyprinus carpio 750

Esocidae

Chain pickerel
Esox niger 190 228.2 + 19.5(146-380)

Redfin pickerel
Esox americanus 177.9 £ 10.6 (89-282) 160.4£7.8(133-212)
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Table 5.7. Continued

Species

Pen Branch

Four Mile Creek

Ictaluridae

Yellowbullhead
ictalurus natalis

Brown bullihead

Ictalurus nebulosus

Flat bullhead

Ictalurus platycephalus

Channel catfish

Ictalurus punctatus

Tadpole madtom
Noturus gyrinus

Lepisosteidae

Longnose gar

Lepisosteus osseus

Florida gar
Lepisosteus
glagrﬁinchus
Percidae
Perca flavescens

Umbridae

Umbra pygmaea

130.3+9.7 (97-180)

201.0 £30.6 (113-253)

271

577.2 £7.1(196-906)

594.3 £ 23.9 (409-935)

285

128.0+£12.2(112-152)

166.5 £ 37.9(135-255)

148.5 +5.5(143-154)

413.8 +44.1(150-595)

64

579.6 £22.7(267-913)

496.5 £ 24.9(430-546)

278

89
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Figure 5.5.
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Frequency distribution of the occurrence of fish species moving

into Pen Branch and Four Mile Creek during periods of reactor

sThtgdov%n. Group number refers to the species group listed in
able 5.6.
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moving into the stream channels upon a cessation of reactor operations.
While arbitrarily defined from species utilization patterns of the streams, the
distinction between rare, intermediate, and common components in the fish
assemblage is important to community development as frequency of species
occurrence and its abundance were positively correlated (Spearman rank
correlation, r = 0.91,df = 32, p<0.01).

Occurrence of fish kills

Following a reestablishment of thermal conditions in either stream
channel, fish kills were infrequently observed and usually only few to
moderate in size. Most individuals killed were mosquitofish or coastal
shiners, although sunfishes of several species, including largemouth bass, and
lake chubsuckers were seen on occasion. Only after the restart of the October
1984 reactor cycle on Four Mile Creek was a large fish kill observed; >200
individuals of 9 different species (mosquitofish, coastal shiners, spotted
sucker, lake chubsucker, largemouth bass, redbreast sunfish, bluegill, spotted
sunfish, and dollar sunfish) were counted in ca. 5 minutes. The observation of
low mortality following resumption of heated conditions suggested that fish
responded quickly to increased flow rates and water temperature and moved
downstream into the SRSS. Some potential refuge areas existed along the
stream margin {e.g., marshes, isolated groundwater seepage areas), but most
were either ephemeral or too small to provide sufficient shelter for the
number of fish migrating upstream. Fish were only captured in the two
lowermost backwater sloughs in Pen Branch and the single site in Four Mile
Creek. Water temperatures ranged from 24-36°C where fish were present;
maximal temperatures exceeded 40°C in sites where no fish were captured.
When fish were found in backwater areas adjacent to the main channel,

assemblage composition was dominated by mosquitofish (>90% numerical
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abundance) (Table 5.8). Onset of assemblage recovery from internal sources
of colonists would, therefore, seem to be minimal and utilization of

backwater areas as refuge areas is limited.
Discussion

The stream channels of Pen Branch and Four Mile Creek are areas of
open habitat regularly exploited by fishes following cessation of reactor
operations. Species composition and number of individuals migrating
upstream varies seasonally, the greatest influx occurring during spring.
Movement into the streams is rapid, usually occurring within 24 hours of a
shutdown and is continuous for as long as ambient temperatures and low
flow conditions exist. Although the species pool available for reinvasion and
distances moved prior to entering the stream are currently unknown, the
fishes recolonizing both streams represent a major subset of the greater than
60 species of resident and migratory fish recorded from the SRSS (Bennett
and McFarlane, 1983). Differences in either reactor scheduling or distance
from the SRSS had only minor influence on the fish assemblage as the same
15 species were the numerical dominants in both stream systems. The

presence of two anadromous species, blueback herring Alosa aestivalis and

hickory shad Alosa mediocris, suggests that Four Mile Creek may also receive

migrants from the Savannah River.

Three hypotheses are recognized that may account for the observed
patterns in fish utilization of these streams. The first suggests upstream
movement may be a direct response by fish either to changes in current
velocity or water level (Funk, 1957; Hall, 1972; Whitehurst, 1981). If the
stimulus for movement is either of these, or some combination, the predicted
response would be for an initial rapid increase followed by a decline within a

short period of time. Changes in water temperature may also influence fish

L 1
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Table5.8. Species composition and percentage relative abundance of fish
in backwater regions on Pen Branch and Four Mile Creek
during periods of reactor discharge of heated effluents. Fish
were collected from two backwatersites in Pen Branch and one
site in Four Mile Creek.

Pen Branch Four Mile Creek

Species Common Name Percent Composition
Poeciliidae
Gambusia affinis Mosquitofish 95 90
Centrarchidae
Lepomis auritus Redbreast sunfish 1 1
Lepomis macrochirus  Bluegill 1 1
Lepomis marginatus Dollar sunfish <1
Lepomis microlophus  Redear sunfish 1 7
Lepomis punctatus Spotted sunfish 1 1
Cyprinodontidae
Fundulus lineolatus Lined topminnow <1
Total Number of Individuals 189 113
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movement (Stauffer et al., 1976), and during the summer and early fall when
the areal coverage of the thermal plume in the SRSS is greatest (H. E. Mackey,
savannah River Ecology Laboratory, Environmental Monitoring Group, E. 1.
du Pont de Nemours & Co., personal communication), fish may be further
from the streams and require a longer period of time to migrate upstream.
Conversely, behavioral thermoregulation could increase use of the thermal
plumes as overwintering areas and, therefore, increase the numbers of fish
captured in winter. As neither of these movement patterns, or the short
pulse in catch rate, were observed, it is unlikely that changes in physical
factors are directly causing the movement.

Movement into the streams might alternatively be a response to large-
scale spatial variations in food resource availability established by the thermal
plumes. Fish moving into the streams represent a variety of trophic guilds,
but most are generalist invertebrate feeders (Bennett and McFarlane, 1983).
Standing stocks of benthic macroinvertebrates, principally aquatic insects, are
low in comparison to adjacent cool-water regions (O’'Hop et al., 1986).
Recolonization of the channels occurs rapidly with vagile insects, such as
chironomids, reaching densities of >1000/m2 within 10 days on artificial
substrates. Populations of larger-bodied macroinvertebrates (e.g., mayflies,
and caddisflies) are present, but abundance is low due to lower mobility and
longer generation times. With reduced temperature and flow conditions
normally in existence for less than 10 days, particularly in Pen Branch, food
availability should remain limited. While instream primary production is high
in both streams, most is either transported downstream into the SRSS or is of
low food quality to higher trophic levels because of being dominated by
several taxa of blue-green algae (Hauer, 1985). Thus, it seems unlikely fish

respond to gradients in food resources, but interrelationships between

¥

222

ATTTT Y A INERTITTR D T & T LTI T TN oy




foraging and habitat availability, utilization, and profitability need to be

examined to support or refute this idea.

A third hypothesis appears the most parsimonious. Recolonization of
Pen Branch and Four Mile Creek may be the outcome of fish randomly
moving into the stream channels from the SRSS whenever conditions permit.
Invertebrate colonization of new substrates or habitats represent analogous
systems to the thermal stream systems on the SRP; habitats with larvae
contribute to empty habitats until once-empty sites contain enough
individuals to provide a balancing counterflow and reach densities
appropriate to the local environment (Sheldon, 1984). Movement may be an
adaptive response to food availability, predators, or competitors. However,
colonization of new habitats also has a large random component, and factors
such as water temperature, current velocity, and size of the animal are
important determinants of timing, numbers of individuals, and how far an
organism moves.

The absence of marked individuals reinvading the streams between
reactor cycles suggests that individuals within the SRSS are probably
continuously mixing, and whenever conditions permit, they move into these
previously unavailable habitats. Initiation of movement into the streams
does not appear to differ throughout the year, but the intensity of
recolonization is likely influenced by water temperature effects on activity
levels and the distance fish must move prior to entering the stream. This is
particularly evident during summer and fall with the decline in utilization
coinciding with the thermal plume having its greatest areal coverage
(Christiansen et al., 1984). Inclusion of both juvenile and adult fish for most
species also indicates that size is not a determinant of movement. Although

individuals had the potential for widespread dispersal, distance moved was
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independent of the length of time ambient temperature/discharge
conditions were in existence. Most individuals exhibited limited changes in
position in the areas adjacent to the SRSS. The lack of pronounced directional
movement within the stream is also suggestive of a random movement
pattern.

Species composition also appears to be a random subset of the fish in
the swamp as ca. 50% of the species recorded from the SRSS (Bennett and
McFarlane, 1983) were captured during the study. Where species are absent,
notably the cyprinids, size selectivity of the nets restricted their inclusion as
many of the species (e.g. coastal shiner, dusky shiner Notropis cummingsae)
were observed to be present in the vicinity of the nets. Seasonal changes in
the composition of the fish assemblage moving into the streams, therefore,
may reflect behavioral differences between species in their dispersal
potential. For the centrarchids, exploitation of these habitats is not too
surprising as numerous studies have shown them to be generalists in habitat
use (Keast, 1965; Keast and Webb, 1966; Werner and Hall, 1976; Werner et
al., 1977; Keast, 1978; Keast et al., 1978). In contrast, species known to be
more selective in habitat requirements (e.g., darters - Matthews et al., 1982)
might not be expected to move appreciable distances. Differential
responsiveness by fishes to move onto floodplain habitats during periods of
inundation have also been observed by Ross and Baker (1983). Species-
specific patterns of habitat selection may, therefore, be an important
determinant of Funk's (1957) observation that stream fishes can be classified
either as mobile, semi-mobile, or sedentary, and may change movement
patterns during their life history.

There may also be a directed component to upstream movement as

several species of fish (e.g., pirate perch, longnose gar) were only captured
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while reproductively active. Several studies have shown a spring peak in
movement corresponding to spawning activity (Funk, 1957; Holder, 1970:
Hall, 1972; Whitehurst, 1981; Currie and Spacie, 1984), including many of the
species observed here. Upstream movement by adults into smaller streams
and headwaters has been hypothesized to provide more favorable conditions
for larval development, growth and population persistence through
increased amounts of energy for prey productivity, decreased interactions for
food, and less predation pressure (Hall, 1972; Schlosser, 1982). While
seeminglly a maladaptive behavior in these particular streams because of
temperature/flow effects on food availability and habitat characteristics (e.g.,
reduction in the amount of cover in the stream ), the observed movement
coinciding with reproduction potentially represents an evolutionary response
exhibited by many species of fish.

Consequences of a reestablishment of thermal conditions in either Pen
Branch or Four Mile Creek differ according to the life history stage of the fish.
As few juvenile and adult fish have been found dead, most individuals
reinvading the streams are thought to elicit a reactive response by leaving the
stream channel and moving back into the SRSS. Several small backwaters exist
on both streams, but their importance as refugia (McFarlane, 1976) for
survival is appa-rently limited probably because increased water temperature
during the summer-fall months reduces their effective habitat size. For
spawning fish, depending upon the extent of dispersal, their reproductive
guild (Balon, 1984), and thermal responsiveness of the larvae (Ehrlich et al.,
1979), a restart in operations could have an impact on year class success.
While directly affecting early developmental stages in the stream, a change in
environmental conditions could also reduce reproductive success in adjacent

areas of the SRSS either through thermal effects, increased current velocity,
¥
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or elevated sediment loads influencing nest integrity and larval development.
Similarly, cessation of reactor operations during spring might affect
spawning success in the swamp by reducing water levels and exposing nests
or eggs on vegetation, or by direct cold shock of larvae. Regardless, winter
through late spring are critical periods in the life histories of these species.
Thermal effluents, therefore, represent a major environmental
perturbation to the development of the fish fauna in these streams, and
repopulation of these habitats is a dynamic process. From the perspective of
stream recovery, there exists a 'core' (Hanski, 1982) group of speciés (group 3,
see Table 5.6) which will be among the early colonists and should numerically
dominate the assemblage at least in its early stages. Depending on the time
of year recovery commences, composition of the fish assemblage will vary as
different suites of species (groups 1 and 2, see Table 5.6) move out of the
swamp and into the stream channels. Two additional sources of fish, adult
and juvenile fish in nonthermal, upstream tributaries, as well as downstream
drift of larval stages, may also be important in community development. No
information currently exists to evaluate the extent of downstream

movement. However, the presence of yellowfin shiner (Notropis lutipinnis),

one of the most common fish species in the tributary streams in the upstream
portions of both Pen Branch and Four Mile Creek, soon after a reactor
shu';down commences indicates some downstream movement must occur
(McFarlane, 1976). Drifting larval stages of several species of fish have also
been collected in both Pen Branch and Four Mile Creek (Paller, 1984), but
numbers were generally low and where they originated and how far they
had drifted are not known. Thus, additional sources of colonists are
potentially available to contribute to reestablishment of the fish community

in both streams. How the system develops, therefore, will initially be
4
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dependent on the timing of reactor shutdown. The importance of
environmental characteristics (e.g., current velocity, depth, substrate
composition) in structuring the community will then further influence
community establishment and development. Habitat complexity and food
web structure has been altered compared to other streams in the area
because of prior thermal/flow conditions. As succession and development of
these attributes change, we would anticipate that assemblage structure
would also change according to the resources available.
Conclusions
Patterns of fish reinvasion were examined in stream channels that
periodically receive thermal effluents from nuclear production reactors. The
objectives of the study were: (1) to determine the extent of upstream
migration of fishes into the thermal stream channels during reactor
shutdown and (2) to assess variability in the abundance and species
composition as a function of season, period of reactor shutdown,
temperature conditions, and distance from the SRSS as a source pool of fish.
Conclusions of the study are presented below.
® |n general, fishes do not invade or inhabit thermal streams on the SRP
upstream from the Savannah River Swamp System during periods of
reactor operation.
® Thirty-four species of fishes representing a major subset of the
available species pool entered the effluent streams during reactor
operation.
® Regardless of stream, fishes reinvaded Four Mile Creek and Pen Branch
within 24 hours of reactor shutdown and continued to enter and move

upstream as Iong as normal temperature waters were present.
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Invasion of streams varied seasonally and among years, but was usually
highest during spring.

Based on patterns of species utilization among reactor cycles, three
groups of species were identified reinvading the streams: (1) rare and
infrequently encountered taxa, <30% occurrence, (2) 11 species that
occurred in 30-70% of the reactor cycles, and (3) seven species that
were present in greater than 70% of the reactor cycles.

Few fish, especially individuals of larger species, were killed during
reactor restart indicating a rapid and effective retreat response to
rising temperatures.

Recolonization and inhabitation of an entire stream system by a major
portion of the fish species living in the SRSS would be expected

following the permanent termination of thermal effluents.
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