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EXECUTIVE SUMMARY 

 

The Savannah River Estuary (SRE) of GA/SC is characterized by dynamic hydrology (e.g., 

depending on river flow, tidal cycles) and highly complex physical habitat (e.g., various 

vegetation zones and bottom types) that support a highly dynamic community of fishes and 

invertebrate species (e.g., estuarine-dependent and transient fresh and marine species). Many of 

those aquatic species (e.g., spotted seatrout Cynoscion nebulosus, Atlantic menhaden Brevoortia 

tyrannus, blue crab Callinectes sapidus, and white shrimp Litopenaeus setiferus) support 

extensive commercial and recreational fisheries. Information about spatial and temporal use of 

the SRE by fish, crab, and shrimp species is scarce or lacking. The most recent study of 

organisms in the SRE was conducted about 15 years ago, and it only investigated fish species. 

The lack of information about the system is especially critical, given the need to evaluate and 

address any biological effects of the Savannah Harbor Expansion Project (SHEP). 

Earlier channel depth modifications to the Savannah River altered hydrology, circulation 

patterns, and salinity; however, adverse biological effects were only documented for a few 

important species (e.g., striped bass, shortnose sturgeon). Attempts to assess the effects of prior 

deepening projects based on the response of few fish species were obviously limited. A more 

comprehensive study of the spatial and temporal distribution of juvenile fish, crab, and shrimp 

species in the SRE was needed for a more complete assessment of the biological response to the 

proposed SHEP. This report contains the results of the first year of a long-term study to evaluate 

which fish, crab, and shrimp species use the SRE and to investigate their seasonal and spatial 

(salinity-defined habitats) distributions. The data reported here represent the “before” condition 

in anticipation of the SHEP-related deepening. Measurements of surface (at 1 m) water quality 
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variables (i.e., temperature, salinity, dissolved oxygen, and conductivity) were recorded at arrival 

to each of the seven sampling sites. Quarterly sampling was conducted in three salinity-defined 

habitats (tidal freshwater <0.6 ppt, oligohaline 0.6-5.0 ppt and mesohaline 5.1-15.2 ppt) in the 

months of May (spring), August (summer), November (fall) 2014 and February (winter) 2015. 

Fish, crab, and shrimp species were sampled using two replicated tide-assisted seines along the 

marsh-edge habitats in seven SRE sites (SR09, SR17, and SR26 in the Front River; MR02 and 

MR3.5 in the Middle River; and BR06 and BR10 in the Back River). Whereas temperatures and 

dissolved oxygen within each quarterly sampling event (season) in all seven sites were within 

less than 2.0 °C and 3 mg/l, respectively, the values of those variables were significantly different 

among seasons. 

Fish, crab, and shrimp assemblages were sampled quarterly from May 2014 to February 

2015 along marsh-edge habitats with a tide-assisted seine method. Sampling yielded 1,370 fishes 

(39 species; 24 families), 199 crab (5 species; 4 families), and 5,349 shrimp (4 species; 2 

families). Atlantic croaker Micropogonias undulatus (373), freshwater goby Gobionellus 

shufeldti (240), spot Leiostomus xanthurus (196), and Southern flounder Paralichthys 

lethostigma (118) were the most abundant fish species and together composed 68% of the total 

fish catch. Blue crab (119) was the most abundant crab species and composed 80% of the total 

crab catch. Daggerblade grass shrimp Palaemonetes pugio (3,827) and white shrimp (1,399) 

were the most abundant shrimp species and together composed 98% of the total shrimp catch. 

Commercial and recreational species documented in the SRE included marine/estuarine species 

(e.g., gray snapper Lutjanus griseus, spotted seatrout, jack crevalle Caranx hippos, and striped 

mullet Mugil cephalus) and freshwater species (e.g., largemouth bass Micropterus salmoides, 
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white catfish Ictalurus catus, black crappie Pomoxis nigromaculatus, and sunfishes Lepomis 

spp.). 

Seasonal differences in abundances, species diversity, and assemblages of fish, crab, and 

shrimp species were detected along the marsh-edge habitats of the SRE. Higher numbers of 

individuals of a variety of fish, crab, and shrimp species were captured during spring and 

summer than during the winter. Whereas abundances of freshwater goby and southern flounder 

were clearly higher during the spring, abundances of blue crab and white shrimp were clearly 

higher during the summer. During spring and summer, marsh-edge habitats and river flow 

regimes provide food and adequate salinity conditions for the arrival of juvenile stages of fish, 

crab, and shrimp species. The same environmental conditions provide temporary habitat to 

transient freshwater and marine fishes. The largest increase in fish abundance started in spring, 

when clupeids, sciaenids, bothids, and gobiids contributed the most to the assemblages. The 

increase in species and abundances across the estuary continued into summer when marine 

inshore species exploited mesohaline habitat and added to the species assemblages in the SRE. 

Fish abundance and species diversity decreased in fall when spawning activity declined and 

some species completely left the estuary or were not in marsh-edge habitat and therefore not 

susceptible to capture with the sampling gear. Abundance and diversity further decreased in 

winter when late-spawned fishes were still offshore and their planktonic larvae were still in the 

process of entering the SRE. 

Differences in abundance and diversity of fish, crab, and shrimp species among salinity-

defined habitats were more difficult to detect. Patterns of fish, crab, and shrimp distribution 

based on salinity-defined habitats were less recognizable because of the high number of estuarine 

generalist species collected in multiple SRE habitats. Generally, most of the fish, crab, and 
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shrimp species sampled from the SRE could be considered estuarine generalists that were present 

in most habitat types during most seasons. This finding was not surprising because the variability 

in salinity distribution in the SRE created a mosaic habitat pattern influenced by tidal fluctuation 

and river discharge. Many areas of the SRE represented different salinity-based habitats within a 

6-hour tidal period from season to season. The most abundant species of fish (Atlantic croaker, 

freshwater goby, spot, and Southern flounder), crab (blue crab) and shrimp (daggerblade grass 

shrimp and white shrimp) seemed capable of using all salinity-defined habitats found in the SRE. 

However, freshwater goby, white shrimp, and daggerblade grass shrimp were clearly more 

abundant in some salinity-defined habitats than in others. 

Assemblage differences were only evident when fish and crab assemblages and the 

number of fish, crab, and shrimp species were compared among salinity-defined habitats. High 

variability in fish assemblages was found between tidal freshwater and mesohaline habitats and 

high variability in crab assemblages was found between tidal freshwater habitat and oligohaline 

and mesohaline habitats. In general, the numbers of fish, crab, and shrimp species decreased 

from mesohaline to oligohaline and tidal freshwater habitats. 

Temporal (seasonal) and spatial (salinity-defined habitat) peaks in abundance were 

evident with some of the more frequently collected species. Peaks in abundance were observed 

in oligohaline habitats for freshwater goby during spring and summer and for daggerblade grass 

shrimp during the summer. Peaks in abundance for these species could be important to the 

estuarine ecosystem as a whole, because young-of-the-year of these species constitutes much of 

the prey abundance in the SRE. The smallest component of the fish community in the SRE was 

the obligate freshwater species. Those species that could not tolerate salinities above 5.0 ppt 

probably would be at the greatest risk of range contraction or population declines in the advent of 
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increased salinities in the estuary. As a whole, temporal and spatial distribution of the 

assemblages of fish, shrimp, and crab species might be useful indicators for evaluating the 

degree and directionality of biological changes to the expected shift of salinity-defined habitat 

zones in the SRE imposed by the Savannah Harbor Expansion Project. 
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INTRODUCTION 

 

The Savannah River at the City of Savannah, Georgia, is home to the fourth largest 

container port in US (GPA 2014). The U.S. Army Corps of Engineers maintains a 12.8-m deep 

navigation channel in this section of the river for commercial deep-draft traffic from the mouth 

of the river up to Savannah, Georgia and currently is deepening the Savannah harbor and 

shipping channel from its current 12.8-m below mean low water to 14.3-m. The Savannah 

Harbor Expansion Project (SHEP) will accommodate much larger ships, many of which will 

soon be able to pass through the expanded Panama Canal (USACE 2012). Initiation of the 

deepening was contingent on the completion of a robust monitoring program to acquire baseline 

data of natural resources in the Savannah River Estuary (SRE). 

The SRE encompasses about 117,363 ha and includes the 10,927-ha Savannah National 

Wildlife Refuge (NWR) and adjacent lands. The Savannah NWR and adjacent lands originally 

contained 21% of the tidal freshwater marsh in South Carolina and Georgia, which in turn 

contained one quarter of the freshwater tidal marsh along the eastern coast of the United States 

(Pearlstine et al. 1990). The hydrology of SRE is a complex, tidally-driven system that ties 

together a web of deltaic channels (Front, Middle, and Back rivers) and habitats. 

The information about the use of estuarine habitats by fish, crab, and shrimp species is 

especially scarce on the Georgia coast. In the early 1970s, Dahlberg and Odum (1970) 

investigated the annual cycles of Georgia’s juvenile fishes in the Newport River and Sapelo 

Sound. They found that fishes not only experienced seasonal changes in taxa, numbers of species 

and individuals, and average size, but distribution of juvenile fish species within the estuary also 

varied by habitat type and salinity. In early 1990s, Nelson et al. (1991) compiled fish and 
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invertebrate survey data from regional and local biologists for selected Atlantic Coast estuaries, 

including the SRE. Spatial and temporal relative abundances categories were reported for 38 fish 

species in the SRE. At the same time, Patrick (1991) surveyed parts of the SRE to determine the 

extent to which fishes were using the Front and Back rivers for spawning, nursery area, 

migration, and residency and to document fish use of the estuary during periods of potential 

environmental stress. These surveys identified 95 fish species, determined that species 

composition in the Front and Back rivers were similar, and found that the number of species in 

the estuary during April 1990 was greater than in October 1989. Years later, Van Den Avyle and 

Maynard (1994) and Collins et al. (2002) focused their studies on two species of fish: striped 

bass (Morone saxatalis) and shortnose sturgeon (Acipenser brevirostrum), respectively. In the 

most recent study, Jennings and Weyers (2003) documented temporal and spatial variability in 

fish populations and included an assessment of required habitats by fish species. Those authors 

found that the Savannah River Estuary (SRE) supports a diverse (>91 species) and abundant fish 

assemblage that is dependent on the availability of specific salinity-defined habitat zones. 

Assessment of the potential effects of the proposed harbor deepening on the community 

of aquatic organisms in the SRE is a major concern and requires recent spatial and temporal 

baseline data of fish, crab, and shrimp species assemblages. How those assemblages in the SRE 

respond to the proposed deepening is unknown, but Jennings and Weyers (2003) hypothesized 

potential range expansion for marine species and range contraction for obligate freshwater 

species. Whether these changes occur and over what time scale remain uncertain; therefore, 

management responses to potential changes in estuarine species assemblage also are uncertain. 

To combat this uncertainty and document potential relationships between harbor expansion-

related changes in salinity to changes in the distribution of various estuarine species, the US 



 

10 
 

Army Corps has committed to complement and update prior efforts of investigating the 

distribution of fishes, crab, and shrimp along the marsh-edge habitats of the SRE. The goal of the 

pre-construction study was to ascertain the spatial and seasonal use of marsh-edge habitats by 

fish, crab, and shrimp species within the SRE. The baseline data of abundance, diversity, and 

assemblage of fish, crab, and shrimp species for the SRE presented here correspond to the pre-

construction period. These baseline data were obtained to address future issues of potential 

harbor expansion-related changes in the spatial and temporal (e.g., seasonal) distribution of those 

species in the SRE. To accomplish future assessments, this evaluation will be repeated during 

years 1, 3, 5, and 9 of the post-construction period of the SHEP. 

 

METHODS 

 

Fish, crab, and shrimp sampling 

To identify the variability in abundance, diversity, and assemblage of fish, crab, and 

shrimp species, samples were collected in a total of seven (7) sites: three in the Front River, two 

in the Middle River, and two in the Back River. Seven of the eight salinity reaches in the SRE 

identified by Jennings and Weyers (2003) were used to determine the position of the 7 sampling 

sites for this project. Those sites were selected because their salinity-defined habitats are 

expected to shift as a result of the SHEP (Jennings and Weyers 2003). The selected sites 

represented three salinity-defined habitats: tidal freshwater (0 to 0.5 ppt), oligohaline (0.6 to 5 

ppt), and mesohaline (5.1 to 15 ppt). In each of the seven sites, two pair of 3-m long and 5-cm 

diameter polyvinyl chloride (PVC) pipes were driven about 0.5 m into the substrate. Each pair of 

PVC pipes was used as anchors for a seine set; there were two replicates (i.e., two different seine 
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sets) per site. For each replicate, latitude and longitude were recorded with a hand-held Global 

Positioning System (Table 1, Figs. 1-5). 

Fishes, crab, and shrimp were sampled quarterly (every three months) to identify seasonal 

differences over the course of a year. Sampling in the SRE was conducted during May 13-17, 

2014; August 9-13, 2014; November 7-11, 2014; and February 3-7, 2015 (Figs. 6-7). Samples 

were collected from marsh-edge habitats in the SRE with a tide-assisted seine method used by 

Jennings and Weyers (2003). Briefly, this method involves sampling with two 50-m seine (0.63-

cm mesh, 15.2-m in length x 1.8-m in height) sets parallel to the shoreline at slack high tide in 

2.0 – 3.0 m water depth and allowed to fish for about 2.6-5.5 hrs. The seine sets were made by 

anchoring the lead and float lines to the previously mentioned pairs of PVC pipes. Fishes, crab, 

and shrimp were trapped behind the seine as the tide ebbs and water level drops to about 1.0 m. 

Each seine was retrieved by detaching the lead and float lines from the PVC pipe and pulling the 

lead line to shore. The seine was stretched out onboard of a boat, and fauna was removed by 

hand. Common fishes and crab were identified, measured, and released. Fishes, crab, and shrimp 

too small to be identified in the field were euthanized in alcohol per the University’s animal use 

protocols, preserved in 10% buffered formalin, and returned to the laboratory at the University of 

Georgia for identification and enumeration. Water quality conditions (temperature, salinity, 

dissolved oxygen, and conductivity) were measured at the time of arrival to each of the sites. 

In the laboratory, preserved specimens were sorted, identified, enumerated, and preserved 

in individual vials by species. Voucher specimens of shrimp and crab were separated and 

preserved in vials individually. Data were digitized and stored on Microsoft EXCEL® 

spreadsheets and then checked for mistakes by project personnel.  
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Table 1. Coordinates for the replicates of each of the seven sampling sites in the Savannah River 

Estuary where water quality was recorded and fish, crab, and shrimp species were sampled 

quarterly from May 2014 to February 2015. 

 

Site Replicate Latitude Longitude 

BR10 1 N 32˚ 09.766 W 81˚ 07.489 

2 N 32˚ 09.753 W 81˚ 07.444 

BR06 1 N 32˚ 07.489 W 81˚ 06.813 

2 N 32˚ 07.464 W 81˚ 06.825 

MR3.5 1 N 32˚ 10.893 W 81˚ 08.272 

2 N 32˚ 10.920 W 81˚ 08.230 

MR02 1 N 32˚ 09.128 W 81˚ 07.999 

 2 N 32˚ 09.033 W 81˚ 07.901 

SR26 1 N 32˚ 13.351 W 81˚ 09.202 

 2 N 32˚ 13.015 W 81˚ 09.045 

SR17 1 N 32˚ 05.532 W 81˚ 06.015 

2 N 32˚ 05.491 W 81˚ 05.980 

SR09 1 N 32˚ 05.308 W 81˚ 00.875 

 2 N 32˚ 05.296 W 81˚ 00.856 
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Figure 7. Examining the seine catch on board the boat to collect and preserve fish, crab, and 

shrimp species captured by the gear along the marsh-edge habitats in seven sites of the Savannah 

River Estuary (GA/SC) from May 2014 to February 2015.  
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Data management 

Surface water salinity, temperature, and dissolved oxygen recorded just before setting up 

tide-assisted seine sets in each of the seven sites were summarized for all of the sites and 

quarterly sampling events (seasons). Summaries of environmental data and the calculations of 

indices of abundance, diversity, and similarity by taxon, season, and salinity-defined habitats 

were done in Microsoft EXCEL® spreadsheets. Then, environmental data and biological indices 

were transferred from the excel database to SPSS® 20 for statistical analysis. 

Number of fishes, crab, and shrimp captured in each replicate of the seven sites were 

standardized to represent an hour of sampling. Abundance (number/hour) of each of the fish, 

crab, and shrimp species were averaged between replicates of each of the sites. Species 

abundance of fishes, crab, and shrimp from each of the sites were grouped separately by season 

(fall, spring, summer, and winter; Table 3) and salinity-defined habitats (tidal freshwater: 0-0.5 

ppt, oligohaline: 0.6-5 ppt, and mesohaline: 5.1-15 ppt). Two copies of fishes, crab, and shrimp 

abundance data by sites, seasons and salinity-defined habitats were created. While one of the 

copies was kept as it was created, the other copy was fourth root-transformed. This 

transformation has the effect of down-weighting the importance of the highly abundant species 

(Clarke and Warwick 2001), so that the analysis of similarities planned between assemblages for 

this study depend not only on the values of highly abundant species but also on the values of less 

common and rare species. 

Using the untransformed abundance data by site, season, and salinity-defined habitats, 

Simpson’s Index of diversity (Simpson 1949) was calculated by taxon at the species level 

(fishes, crab, and shrimp) with the following formula: 
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1
1

 

 

where n is the number of individuals of species i and N is the total number of individuals of all 

species. The index D has a natural interpretation as the probability that any two individuals from 

the sample, chosen at random, are from the same species. The value of D ranges between 0 and 

1. It is a dominance index in the sense that its largest values correspond to assemblages whose 

total abundance is dominated by one, or a very few, of the species present. To make the 

interpretation easier, Simpson’s Index was transformed to Simpson’s index of diversity (1-D). 

This index, 1 - D, is an equitability or evenness index, taking its largest value when all species 

have the same abundance; the greater the value of this index, the greater the sample diversity. 

Using the four root-transformed species abundance by season and salinity-defined 

habitats, Bray-Curtis similarity coefficient (S, Bray and Curtis 1957) was calculated by taxon 

(fishes, crab, and shrimp) with the following formula: 

 

100 1
∑ | |

∑
 

 

where Yij represents the entry in the ith row and jth column of the data matrix, i.e. the abundance 

for the ith species in the jth sample (i= 1, 2, ..., p;  j = 1,2, ..., n). Similarly, Yik is the count for 

the ith species in the kth sample. | ... | represents the absolute value of the difference (the sign is 

ignored); the separate sums in the numerator and denominator are both over all rows (species) in 

the matrix. The value of S ranges between 0 (no species in common) and 100 (identical species 

assemblages); in-between values indicate intermediate similarity (Bray and Curtis 1957). 
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Seasonal and spatial (salinity-defined habitats) data analysis 

Environmental variable (salinity, temperature, and dissolved oxygen) responses to 

seasons (spring, summer, fall and winter) and biological variable (fourth root-transformed 

abundances and Simpson’s index of diversities) responses to seasons and salinity-defined 

habitats (tidal freshwater: 0-0.5 ppt, oligohaline: 0.6-5.0 ppt, and mesohaline: 5.1-15 ppt) were 

evaluated using descriptive statistics and non-parametric tests (Kruskal-Wallis H test, Mann-

Whitney U test) in SPSS ® 20 software. Descriptive statistic (mean and 95% confidence 

intervals) analysis and non-parametric test of biological variables were performed by taxon 

(fishes, crab, and shrimp) and by the most common captured species. If differences were found 

with the Kruskal-Wallis H test, a Mann-Whitney U test (Z, SPSS 20) was performed to compare 

two groups of cases (e.g., seasons and salinity-defined habitats) on one variable. The alpha level 

was 0.05 when a single comparison was performed by the Kruskal-Wallis H test. Bonferroni 

correction was applied to the Mann-Whitney U multiple comparisons test to separate means 

(Bonferroni 1935). 

 

RESULTS 

 

Environmental conditions 

Water surface salinity, temperature, and dissolved oxygen in the sampling sites along the 

SRE behaved as was expected according to the planned quarterly sampling events (Table 2). On 

any given quarterly sampling event, surface temperatures and dissolved oxygen recorded at the 

farthest down Savannah, Back, and Middle river sites were similar to those at the farthest up 

river sites (Table 2). Water surface salinity behaved as it was expected: low salinity at the 
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farthest up sites and high salinity at the farthest down sites at the Savannah, Back and Middle 

rivers. Water surface salinity, temperature, and dissolved oxygen values ranged from 0.1 to 15.2 

ppt, 10.3 to 28.6 ºC, and 3.17 to 9.9 mg/l at the Savannah River sites, from 0.3 to 7.8 ppt, 10.2 to 

28.2 ºC, and 3.16 to 9.95 mg/l at the Back River sites, and from 0.8 to 5.1 ppt, 10.4 to 27.5 ºC at 

the Middle River sites. 

Water surface salinity, temperature, and dissolved oxygen were compared among seasons 

in the SRE. Mean salinity (Fig. 8a) was not different among seasons, but mean temperature (Fig. 

8b) and dissolved oxygen (Fig. 8c) were significantly different among seasons (X2>22.418, 

p=0.000). Pairwise analysis showed that mean temperatures were different among every season 

(Z<-3.133, p=0.002). Except for mean dissolved oxygen values of summer and those from fall 

and spring, pairwise analysis showed that mean dissolved oxygen values were different among 

every other comparisons between seasons (Z<-3.002, p<0.004). Water surface temperature and 

dissolved oxygen values among all stations ranged from 23.3 to 25.3 ºC and 4.28 to 5.94 mg/l in 

spring, from 26.8 to 28.6 ºC and 2.65 to 6.43 mg/l in summer, from 16.8 to 17.8 ºC and 5.55 to 

7.99 mg/l in fall, and from 10.2 to 10.5 ºC and 9.04 to 9.95 mg/l in winter. 
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Table 2. Water surface salinity, temperature and dissolved oxygen (DO) recorded at each of the seven sampling sites of the Savannah 

River Estuary by season from May 2014 to February 2015. 

 

Site  Spring  Summer  Fall Winter 

  Salinity 
(ppt) 

Temp 
(˚C) 

DO 
(mg/l) 

 Salinity 
(ppt) 

Temp 
(˚C) 

DO 
(mg/l) 

 Salinity 
(ppt) 

Temp 
(˚C) 

DO 
(mg/l) 

Salinity 
(ppt) 

Temp 
(˚C) 

DO 
(mg/l) 

BR10  1.0 25.0 5.50 1.6 27.5 3.86 2.0 16.9 7.14 0.3 10.2 9.41

BR06  5.2 25.3 4.76 6.4 28.2 3.16 7.8 17.6 6.12 3.8 10.2 9.95

MR3.5  0.9 23.9 5.06 1.9 27.3 3.90 5.1 17.4 6.52 0.8 10.4 9.73

MR02  1.8 24.1 4.42 4.8 27.5 2.65 4.7 17.6 6.05 3.8 10.4 9.22

SR26  0.1 23.8 5.94 0.1 26.8 6.43 0.4 16.8 7.99 0.1 10.3 9.90

SR17  8.3 23.6 4.28 5.4 27.5 3.45 10.3 17.7 5.55 7.6 10.3 9.04

SR09  12.4 23.3 5.00 12.0 28.6 3.17 15.2 17.8 6.29 11.9 10.5 9.27
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Figure 8. Mean and 95% confidence intervals of water surface salinity, temperature, and 

dissolved oxygen by season at the Savannah River Estuary from May 2014 to February 2015.
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Overall abundances of fishes, crab, and shrimp  

Overall, the tide-assisted seine method used to sample fish, crab, and shrimp species 

quarterly from May 2014 to February 2015 in the SRE was effective. Twenty-four families 

comprising 1,370 individuals of 39 species of fish, four families comprising 199 individuals of 5 

species of crab, and two families comprising 5,349 individuals of 4 species of shrimp were 

collected. Atlantic croaker Micropogonias undulatus (373), freshwater goby Gobionellus 

shufeldti (240), spot Leiostomus xanthurus (196), and Southern flounder Paralichthys 

lethostigma (118) were the most abundant fishes and together composed 68% of the total fish 

catch. Blue crab Callinectes sapidus (119) was the most abundant crab species and composed 

80% of the total crab catch. Daggerblade grass shrimp Palaemonetes pugio (3,827) and white 

shrimp Litopenaeus setiferus (1,399) were the most abundant shrimp species and together 

composed 98% of the total shrimp catch. 

Twenty-one fish, 3 crab, and 2 shrimp species collected were caught in more than 1 

season, and 18 fish, 2 crab, and 2 shrimp species were found exclusively in a single season 

(Table 3). Spring had the most fish species (25) followed by summer (24), fall (18) and winter 

(10). Spring and summer had the most crab species (4) followed by fall (2) and winter (1). Fall, 

spring, and summer had the most shrimp species (3) followed by winter (1). Abundance of 

freshwater goby was higher (Z=-2.996, p=0.003) in the spring (1.963±3.044/hr) than in the 

winter (0.075±0.104/hr, Fig. 9a). Abundance of Southern flounder was higher (Z<-3.363, 

p<0.002) in the spring (1.699±1.682/hr) than in fall (0.081±0.106/hr) and winter (0/hr, Fig. 9b) 

and in the summer (0.311±0.224/hr) than in the winter (0/hr, Fig. 9b). Abundance of blue crab 

was higher (Z<-3.254, p<0.002) in the summer (2.213±2.561/hr) than in the spring 

(0.640±1.639/hr), fall (0.128±0.165/hr) and winter (0/hr, Fig. 9c). Abundance of white shrimp 
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was higher (Z<-2.941, p<0.004) in summer (19.321±11.518/hr) and fall (5.260±5.633/hr) than in 

spring (0/hr) and winter (0/hr) and also in the summer than in the fall (Fig. 9d). 

Sixteen fish, 3 crab, and 4 shrimp species collected were caught from more than 1 

salinity-defined habitat and 23 fish and 2 crab species were found exclusively in a single salinity-

defined habitat (Table 4). Mesohaline habitat had the most fish (30) and crab (5) species 

followed by oligohaline (21 and 3) and tidal freshwater (13 and 1) habitats, respectively. 

Mesohaline and oligohaline habitats had the most shrimp species (4) followed by tidal freshwater 

habitat (3). Abundance of freshwater goby was higher (Z=-3.021, p=0.003) in oligohaline habitat 

(1.816±2.590/hr) than in mesohaline habitat (0.246±0.424/hr, Fig. 10a). Abundance of white 

shrimp was higher (Z=-2.579, p=0.010) in mesohaline habitat (7.097±9.057/hr) than in tidal 

freshwater habitat (0.102±0.228/hr, Fig. 10b). Abundance of daggerblade grass shrimp was 

higher (Z<-3.586, p<0.001) in oligohaline habitat (29.911±21.295/hr) than in tidal freshwater 

habitat (2.232±3.676/hr) and mesohaline habitat (8.739±18.487/hr, Fig. 10c). 

Analysis of abundance by salinity-defined habitat within a season showed differences in 

one species of fish and one species of shrimp. Spring abundance of freshwater goby was higher 

(Z=-2.741, p=0.006) in oligohaline habitat (4.296±3.732/hr) than in mesohaline habitat 

(0.229±0.297/hr, Fig. 11a). Summer abundance of freshwater goby was higher (Z=-2.678, 

p=0.007) in oligohaline habitat (0.788±0.452/hr) than in mesohaline habitat (0/hr, Fig. 11b). 

Summer abundance of daggerblade grass shrimp was higher (Z=-2.882, p=0.004) in oligohaline 

habitat (34.875±30.281/hr) than in mesohaline habitat (1.742±1.600/hr, Fig. 11c). 
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Table 3. Mean abundance (# fish/hour) ± SD of fishes, crab, and shrimp collected with a tide-assisted seine by season during the 

quarterly sampling of the Savannah River Estuary from May 2014 to February 2015. 

 

Taxon Family Scientific name Common name Spring Summer Fall Winter 

Fish Amiidae Amia calva Bowfin 0 0 0 0.018±0.047 

 Engraulidae Anchoa mitchilli Bay anchovy 0.630±1.386 0.143±0.151 0.261±0.608 0.232±0.614 

 Anguillidae Anguilla rostrata American eel 0 0.043±0.113 0 0 

 Sciaenidae Bairdiella chrysoura Silver perch 0 1.157±1.884 0.019±0.049 0 

  Cynoscion nebulosus Spotted seatrout 0 0.017±0.045 0.018±0.048 0 

  Leiostomus xanthurus Spot 2.571±3.441 0.794±1.121 0.096±0.073 0.232±0.614 

  Micropogonias undulatus Atlantic croaker 0.103±0.169 0 2.207±5.616 4.131±10.108 

  Stellifer lanceolatus Star drum 0 0.021±0.057 0 0 

 Clupeidae Brevoortia tyrannus Atlantic menhaden 0.419±0.980 0.501±1.326 0 0 

  Dorosoma petenense Threadfin shad 0 0.017±0.045 0 0 

 Cyprinodontidae Fundulus heteroclitus Mummichog 0.735±1.670 0.174±0.186 0.062±0.086 0.122±0.183 

  Fundulus majalis Striped killingfish 0.066±0.174 0 0.015±0.040 0.199±0.526 

 Carangidae Caranx hippos Jack crevalle 0.023±0.060 0 0.014±0.038 0 

 Diodontidae Chilomycterus schoepfi Striped burrfish 0 0.021±0.057 0 0 

 Bothidae Citharichthys spilopterus Bay whiff 0.019±0.050 0.549±0.584 0.030±0.051 0 

  Paralichthys dentatus Summer flounder 0.266±0.704 0.162±0.428 0 0 

  Paralichthys lethostigma Southern flounder 1.699±1.682 0.311±0.224 0.081±0.106 0 

 Eleotridae Dormitator maculatus Fat sleeper 0 0.013±0.034 0 0 

  Eleotris pisonis Spinycheek sleeper 0 0.020±0.053 0 0 

 Gerreidae Eucinostomus argenteus Spotfin mojarra 0 0.093±0.193 0.217±0.533 0 

 Poecillidae Gambusia affinis Mosquitofish 0.121±0.320 0.086±0.190 0 0 

 Gobiidae Gobionellus hastatus Sharptail goby 0 0.044±0.078 0 0 

  Gobionellus shufeldti Freshwater goby 1.963±3.044 0.447±0.477 1.503±1.870 0.075±0.104 

 Ictaluridae Ictalurus catus White catfish 0.219±0.353 0.429±0.811 0.017±0.046 0 

 Sparidae Lagodon rhomboides Pinfish 0.017±0.045 0 0 0 



 

29 
 

 Centrarchidae Lepomis auritus Redbreast sunfish 0.024±0.064 0 0.032±0.086 0 

  Lepomis macrochirus Bluegill 0.024±0.064 0 0 0 

  Micropterus salmoides Largemouth bass 0.019±0.049 0 0 0 

  Pomoxis nigromaculatus Black crappie 0.018±0.047 0 0 0 

 Lutjanidae Lutjanus griseus Gray snapper 0 0 0.016±0.041 0 

 Atherinidae Menidia beryllina Inland silverside 0.018±0.047 0 0.087±0.231 0.035±0.060 

  Menidia menidia Atlantic silverside 0.023±0.060 0 0 0.018±0.047 

  Membras martinica Rough silverside 0 0.044±0.116 0 0 

 Cyprinodontidaee Monacanthus hispidus Planehead filefish 0.045±0.119 0 0 0 

 Mugilidae Mugil cephalus Striped mullet 0.018±0.047 0.234±0.618 0.018±0.047 0.206±0.258 

 Pomatomidae Pomatomus saltatrix Bluefish 0.054±0.099 0 0 0 

 Tetraodontidae Sphoeroides maculatus Northern puffer 0.023±0.060 0 0 0 

 Cynoglossidae Symphurus plagiusa Blackcheek tonguefish 0.090±0.237 0.043±0.073 0.019±0.052 0 

 Soleidae Trinectes maculatus Hogchoker 0 0.062±0.165 0 0 

Crab Portunidae Callinectes sapidus Blue crab 0.640±1.639 2.213±2.561 0.128±0.165 0 

  Callinectes similis Lesser blue crab 0 0.021±0.057 0 0 

 Panopeidae Rhithropanopeus harrisii White-fingered mud crab 0.271±0.594 0.032±0.055 0.032±0.055 0.037±0.099 

 Grapsidae Sesarma cinereum Wharf crab 0.018±0.047 0 0 0 

 Ocypodidae Uca minax Brackish fiddler crab 0.104±0.150 0.196±0.430 0 0 

Shrimp Penaeidae Litopenaeus setiferus White shrimp 0 19.321±11.518 5.260±5.633 0 

 Palaemonidae Palaemonetes sp. Grass shrimp 0.072±0.142 0 0 0 

  Palaemonetes pugio Daggerblade grass shrimp 21.478±24.437 15.784±18.735 18.347±28.755 7.969±10.852 

  Palaemonetes vulgaris Common grass shrimp 0.861±1.536 0.595±0.626 0.492±0.495 0 
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Figure 9. Means and 95% confidence intervals of freshwater goby (a), southern flounder (b), 

blue crab (c), and white shrimp (d) abundances (number/hour), by seasons, sampled at the 

Savannah River Estuary sites from May 2014 to February 2015. 

a)  b) 

c)  d)
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Table 4. Mean abundance (# fish/hour) ± SD of fishes, crab, and shrimp collected with a tide-assisted seine from three 

salinity-defined habitats during the quarterly sampling of the Savannah River Estuary sites from May 2014 to February 2015. 

 

    Mean salinity (ppt) ± s.d. 

Taxon Family Scientific name Common name 0 - 0.5 0.6 – 5 5.1 - 16 

Fish Amiidae Amia calva Bowfin 0 0.011±0.038 0 

 Engraulidae Anchoa mitchilli Bay anchovy 0 0.220±0.487 0.538±1.110 

 Anguillidae Anguilla rostrata American eel 0 0 0.025±0.087 

 Sciaenidae Bairdiella chrysoura Silver perch 0 0 0.686±1.509 

  Cynoscion nebulosus Spotted seatrout 0 0.012±0.038 0.010±0.035 

  Leiostomus xanthurus Spot 0.022±0.049 0.566±0.800 1.627±2.865 

  Micropogonias undulates Atlantic croaker 5.428±12.077 0.231±0.373 1.283±4.302 

  Stellifer lanceolatus Star drum 0 0 0.013±0.043 

 Clupeidae Brevoortia tyrannus Atlantic menhaden 0 0.319±1.058 0.244±0.755 

  Dorosoma petenense Threadfin shad 0 0 0.010±0.035 

 Cyprinodontidae Fundulus heteroclitus Mummichog 1.117±1.904 0.165±0.153 0.022±0.050 

  Fundulus majalis Striped killingfish 0 0 0.163±0.409 

 Carangidae Caranx hippos Jack crevalle 0 0 0.021±0.052 

 Diodontidae Chilomycterus schoepfi Striped burrfish 0 0 0.013±0.043 

 Bothidae Citharichthys spilopterus Bay whiff 0.100±0.168 0.296±0.544 0.036±0.091 

  Paralichthys dentatus Summer flounder 0 0 0.250±0.603 

  Paralichthys lethostigma Southern flounder 0.117±0.162 0.925±1.550 0.323±0.557 

 Eleotridae Dormitator maculatus Fat sleeper 0 0.008±0.027 0 

  Eleotris Pisonis Spinycheek sleeper 0 0.013±0.042 0 

 Gerreidae Eucinostomus argenteus Spotfin mojarra 0.388±0.620 0.009±0.029 0.011±0.039 

 Poecillidae Gambusia affinis Mosquitofish 0.272±0.391 0.009±0.028 0 

 Gobiidae Gobionellus hastatus Sharptail goby 0 0.017±0.057 0.010±0.035 

  Gobionellus shufeldti Freshwater goby 1.000±1.672 1.816±2.590 0.246±0.424 

 Ictaluridae Ictalurus catus White catfish 0.026±0.057 0.047±0.093 0.334±0.665 
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  Sparidae Lagodon rhomboides Pinfish 0 0 0.010±0.035 

 Centrarchidae Lepomis auritus Redbreast sunfish 0.079±0.110 0 0 

  Lepomis macrochirus Bluegill 0.034±0.076 0 0 

  Micropterus salmoides Largemouth bass 0 0.012±0.039 0 

  Pomoxis nigromaculatus Black crappie 0 0 0.010±0.036 

 Lutjanidae Lutjanus griseus Gray snapper 0.022±0.049 0 0 

 Atherinidae Menidia beryllina Inland silverside 0.024±0.054 0.011±0.038 0.061±0.177 

  Menidia menidia Atlantic silverside 0 0 0.024±0.056 

  Membras martinica Rough silverside 0 0 0.026±0.089 

 Cyprinodontidaee Monacanthus hispidus Planehead filefish 0 0 0.026±0.091 

 Mugilidae Mugil cephalus Striped mullet 0 0.058±0.155 0.224±0.479 

 Pomatomidae Pomatomus saltatrix Bluefish 0 0.012±0.039 0.021±0.072 

 Tetraodontidae Sphoeroides maculatus Northern puffer 0 0 0.013±0.046 

 Cynoglossidae Symphurus plagiusa Blackcheek tonguefish 0 0 0.089±0.182 

 Soleidae Trinectes maculatus Hogchoker 0 0.040±0.132 0 

Crab Portunidae Callinectes sapidus Blue crab 0.129±0.288 0.566±0.910 1.166±2.419 

  Callinectes similis Lesser blue crab 0 0 0.013±0.043 

 Panopeidae Rhithropanopeus harrisii White-fingered mud crab 0 0.054±0.086 0.168±0.458 

 Grapsidae Sesarma cinereum Wharf crab 0 0 0.010±0.036 

 Ocypodidae Uca minax Brackish fiddler crab 0 0.073±0.125 0.107±0.335 

Shrimp Penaeidae Litopenaeus setiferus White shrimp 0.102±0.228 7.854±12.680 7.097±9.057 

 Palaemonidae Palaemonetes sp. Grass shrimp 0 0.012±0.038 0.031±0.108 

  Palaemonetes pugio Daggerblade grass shrimp 2.232±3.676 29.911±21.295 8.739±18.487 

  Palaemonetes vulgaris Common grass shrimp 0.573±0.788 0.896±1.189 0.076±0.121 
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Figure 10. Means and 95% confidence intervals of freshwater goby (a), white shrimp (b), and 

daggerblade grass shrimp (c) abundances (number/hour), by salinity-defined habitats, at the 

Savannah River Estuary sites from May 2014 to February 2015. 

 

a)  b) 

c) 
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Figure 11. Means and 95% confidence intervals of freshwater goby (a and b) and daggerblade 

grass shrimp (c) abundances (number/hour), by salinity-defined habitats, within a season at the 

Savannah River Estuary sites from May 2014 to February 2015. 

 

 

 

 

 

a)  b)

c) 
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Seasonal distribution of fishes, crab, and shrimp  

Fourth-root transformed abundances, Simpson’s index of diversities, and Bray-Curtis 

similarity index by taxon were compared among seasons in the SRE. Mean fourth root-

transformed abundances of fish (Fig. 12a, X2=27.010, p=0.000), crab (Fig. 12c, X2=13.729, 

p=0.003), and shrimp (Fig. 12e, X2=13.984, p=0.003) species were significantly different among 

seasons. Pairwise analysis showed that mean fourth root-transformed abundances of fish species 

were different between fall and summer (Z=-2.849, p=0.004), spring and winter (Z=-4.014, 

p=0.000), and summer and winter (Z=-4.846, p=0.000). Pairwise analysis showed that mean 

fourth root-transformed abundances of crab species were different between spring and winter 

(Z=-2.674, p=0.008) and summer and winter (Z=-3.539, p=0.000). Pairwise analysis showed that 

mean fourth root-transformed abundances of shrimp species were different between fall and 

winter (Z=-3.174, p=0.002) and summer and winter (Z=-3.270, p=0.001). 

Mean Simpson’s index of diversity was significantly different among seasons for fishes 

(Fig. 13a, X2=13.719, p=0.003) and shrimp (Fig. 13e, X2=16.823, p=0.001). While pairwise 

analysis showed that mean Simpson’s index of diversity was different between summer and 

winter (Z=-3.000, p=0.003) for fishes, mean Simpson’s index of diversity was different between 

fall and winter (Z=-3.156, p=0.002) and summer and winter (Z=-3.156, p=0.002) for shrimp. 

Bray-Curtis similarity index of fourth root-transformed fish, crab, and shrimp species 

abundances showed that variability existed among seasonal assemblages (Table 5). Except for 

shrimp assemblages, which are the less variable among seasons (between 45.1-87.0%), seasonal 

assemblages were more variable for fishes (between 23.5-59.9%) and crab (between 11.5-

58.7%). Variability among assemblages was higher when winter assemblages were compared 
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with those from spring (35.9%) and summer (23.5%) for fishes, with those from fall (31.5%), 

spring (18.4%) and summer (11.5%) for crab and with those from summer (45.1%) for shrimp. 

 

Spatial (salinity-defined habitats) biological distribution 

Indices of fourth-root transformed abundance, Simpson’s diversity, and Bray-Curtis 

similarity by taxon were compared among seasons and salinity-defined habitats in the SRE. 

Mean fourth root-transformed abundance and mean Simpson’s diversity index of fishes, crab, 

and shrimp were not significantly different among salinity-defined habitats. On the contrary, 

Bray-Curtis similarity index of fourth root-transformed abundances by taxon showed that 

assemblage variability existed among salinity-defined habitats in the SRE (Table 5). Except for 

shrimp assemblages, which were the less variable among salinity-defined habitats (between 52.7-

76.4%), assemblages were more variable for fishes (between 32.6-57.5%) and crab (between 

29.3-82.0%) among salinity-defined habitats. Variability among assemblages was higher when 

tidal freshwater assemblages by their corresponding taxon were compared with fish assemblage 

from mesohaline habitat (32.6%), with crab assemblages from oligohaline (33.3%) and 

mesohaline (29.3%) habitats, and with shrimp assemblage from oligohaline habitat (52.7%).
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Figure 12. Means and 95% confidence intervals for fourth root transformed abundances of fishes 

(a and b), crab (c and d), and shrimp (e and f), by season and salinity-defined habitats, at the 

Savannah River Estuary sites from May 2014 to February 2015. 

a)  b) 

No differences 

c)  d) 

No differences 

e)  f)

No differences 
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Figure 13. Means and 95% confidence intervals for Simpson’s diversity index (1-D) of fish (a 

and b), crab (c and d), and shrimp (e and f) species, by season and salinity-defined habitats, at the 

Savannah River Estuary sites from May 2014 to February 2015. 

a)  b) 

c)  d) 

e)  f) 

No differences 

No differences 

No differences 

No differences 
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Table 5. Bray-Curtis similarity index of fish, crab, and shrimp species assemblages based on their fourth root-transformed abundances 

during quarterly sampling at the Savannah River Estuary sites from May 2014 to February 2015, for every pair of seasons and salinity-

defined habitats. Values range from 0.0% (no similarity) to 100.0% (complete similarity). 

  Season    Salinity-defined habitats (ppt) 

Taxon Season Spring Summer Fall Winter   Taxon Salinity 0-0.5 0.6-5 5.1-15 

Fish Spring       Fish 0-0.5     

  Summer 59.3       0.6-5.0 56.6   

 Fall 59.9 48.5    5.1-15 32.6 57.5

  Winter 35.9 23.5 52.4  Crab 0-0.5     

Crab Spring         0.6-5.0 33.3   

  Summer 56.1       5.1-15 29.3 82.0

 Fall 58.7 49.3  Shrimp 0-0.5  

  Winter 18.4 11.5 31.5    0.6-5.0 52.7   

Shrimp Spring         5.1-15 58.9 76.4

  Summer 63.2        

 Fall 67.7 87.0    

  Winter 67.2 45.1 50.7            
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DISCUSSION 

 

Seasonal distribution of fishes, crab, and shrimp  

Similarities in water surface temperature and dissolved oxygen within each quarterly 

sampling event probably did not affect short-term distribution of fish, shrimp, and crab species. 

Differences of less than 3 °C and 4 mg/l were observed within a quarterly sampling event in the 

SRE. During the summer, most dissolved oxygen values were above 3 mg/l at the water surface; 

however, MR02 site showed a value of 2.65 mg/l. Although values of less than 3 mg/l have been 

identified as a threshold for macrobenthos in Corpus Christi Bay, TX (Ritter and Montagna 

1999), sampling of the MR02 site showed that eight fish, one crab, and three shrimp species 

were present under those hypoxic conditions. In addition, a dissolved oxygen value of 3.9 mg/l 

was found the next day in the MR3.5 site, which is only 1.5 miles away from MR02 site. 

Hypoxic conditions seem to last only a short time or be restricted to small areas in the SRE. 

Although environmental conditions were stable within a season, water surface temperature and 

dissolved oxygen did vary considerably from season to season. 

Mean fourth root-transformed abundances in the SRE were significantly lower during the 

fall than during the summer for fishes, lower during the winter compared to spring and summer 

for fish and crab species, and lower during the winter than during fall and summer for shrimp. 

Analysis of abundance of the most common species showed variability in their response to 

changes in season. Although freshwater goby and southern flounder showed low winter and high 

spring abundances, low abundances were observed for blue crab in winter and for white shrimp 

in spring and winter. Abundances of blue crab and white shrimp were high in summer than in 

other seasons. In general, fish, crab and shrimp species increase their abundances from spring to 
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summer and then those abundances decrease from fall to winter. In addition, mean Simpson’s 

index of diversity in the SRE was significantly lower during the winter than during the summer 

for fishes and during the winter than during fall and summer for shrimp. Although diversity of 

fish species increases from spring to summer and decreases in fall and winter, diversity of shrimp 

species increases from spring to summer and fall and decreases in winter. Seasonal changes in 

the distribution of estuarine fishes (e.g., Shealy et al. 1974, Yoklavich et al. 1991, Rakocinski et 

al. 1992, Yoklavich et al. 1992) have been also documented in the U.S., including the SRE 

(Jennings and Weyers 2003). Seasonal changes in crab (e.g., Dudley and Judy 1973, Posey et al. 

2004) and shrimp (e.g., Temple and Fischer 1967, Wenner and Beatty 1993) have been 

documented previously in the southeast U.S. and Gulf Coast estuaries. 

To explain fish assemblages in the SRE, Jennings and Weyers (2003) mentioned that 

high river discharge in spring and early summer probably made conditions favorable for fresh 

water fish species to move down the river and exploit the tidal freshwater and oligohaline 

habitats of the upper SRE. On the other hand, marine opportunist species capable of tolerating 

salinities lower than in marine habitats typically enter estuaries during summer months to exploit 

the productivity of mesohaline and polyhaline (> 15 ppt) habitats in estuaries (Dando 1984, 

Loneragan et al. 1989, Yocklavich et al. 1991, Able and Fahay 1998) including the SRE 

(Jennings and Weyers 2003). The immigration of fresh and marine water species to the SRE add 

to the number of estuarine generalist species present most of the year in most of the salinity-

defined habitats in the SRE (Jennings and Weyers 2003). In addition, many estuarine generalists 

can also increase significantly in abundance during certain seasons and in certain habitats (Rozas 

and Hackney 1984, Rakocinski et al. 1992, Witting et al. 1999). 
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Spatial (salinity-defined habitats) distribution of fishes, crab, and shrimp  

Distribution of fish species throughout the estuary is influenced by many factors, of 

which, salinity is one of the primary driving forces in determining habitat types that serve a 

nursery function within estuarine systems (Hoff and Ibara 1976, Knox 1986). In this study, 

differences in mean abundance and mean diversity by taxon were not found among salinity-

defined habitats; however, differences in mean abundance of a few common species and trends 

in the number of species among salinity-defined habitats showed otherwise. Low and high 

abundances of freshwater goby were found in mesohaline and oligohaline habitats, respectively. 

Low abundances of white shrimp and daggerblade grass shrimp were found in tidal freshwater 

habitats, whereas high abundances were found in mesohaline habitat for white shrimp and 

oligohaline habitat for daggerblade grass shrimp. The number of species by taxon increases from 

tidal freshwater (fishes=13, crab=1, shrimp=3) to oligohaline (fishes=21, crab=3, shrimp=4) and 

mesohaline (fishes=30, crab=5, shrimp=4) habitats. Typically, the number of estuarine species 

increases as salinity increases primarily by the contribution of greater number of euryhaline 

opportunists and marine “stragglers” that can tolerate a wide range of salinity gradients 

(Lenanton and Potter 1987). Most of the fishes collected during the present study seemed to be 

an assemblage of freshwater species (e.g., largemouth bass, white catfish, black crappie, and 

sunfish), estuarine generalists (e.g., anchovies, shad and herrings, drums, and flatfishes) and 

marine opportunist (e.g., blackcheek tonguefish, filefish, rough silverside, Atlantic silverside, 

and striped burrfish). 

Jennings and Weyers (2003) attributed the lack of statistical differences among fish 

species abundance metrics among salinity-defined habitats to the dynamic nature of salinity 

distribution in the SRE and the high seasonal immigration of fresh and marine fish species into 
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the SRE habitats. During their two years of monthly sampling of fish species in the SRE, they 

experienced considerable changes in surface salinity (5.0-10.0 ppt) in their sampling reaches, and 

those changes were considered to be most affected by a 2.3- to 2.9-m tidal fluctuation between 

high and low tide and to some extent river discharge. This great variability in salinity meant that 

several different habitats (salinity zones) had dominated the same area in a 6-hour period. 

Jennings and Weyers (2003) identified those salinity reaches as SR 09, SR22, SR17, MR0.75, 

MR02, BR06 and BR10, which correspond to the same sites (except SR22 and MR 0.75) used as 

sampling sites for the present study. Although still tidally influenced, the SR26 sampling site 

used by Jennings and Weyers (2003) experienced extended periods of salinity below 1.0 ppt. 

This sampling site of freshwater habitat was also used in this study and salinity rarely increased 

above 0.4 ppt. 

 

Seasonal and spatial (salinity-defined habitats) assemblages of fishes, crab, and shrimp  

In this study, temporal and spatial comparisons among common species abundances and 

assemblages of fish, crab, and shrimp species showed variability on those abundances and 

assemblages by seasons and salinity-defined habitats. Higher abundances were found in 

oligohaline habitats than in mesohaline habitats in spring for freshwater goby and in summer for 

freshwater goby and daggerblade grass shrimp. High variability was found between winter fish 

assemblage and spring and summer fish assemblages and between tidal freshwater and 

mesohaline fish assemblages. Higher abundance and higher number of species were found in 

spring and summer than winter and in the mesohaline habitat than in the tidal freshwater habitat. 

The high variability among various fish assemblages might be attributed to the seasonal 

immigration to the SRE of higher number and variety of marine and freshwater species. Jennings 
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and Weyers (2003) suggested that the SRE assemblage is regularly associated with the 

abundance and number of estuarine restricted species; however, that assemblage is modified 

annually by visits of transient fresh and marine species in spring and summer. While fresh water 

species move down the river in association with the increase in river discharge during spring and 

summer, marine species move up the river in association with daily tides or wind-related 

flooding events. During spring and summer, the high productivity of the SRE provides enough 

food resources not only to estuarine-restricted species but to transient species. 

In the present study, high variability was found among winter crab assemblage and 

spring, summer, and fall crab assemblages and between tidal freshwater crab assemblage and 

oligohaline and mesohaline crab assemblages. Higher abundance and numbers of species were 

found in spring, summer, and fall than in winter and in mesohaline and oligohaline habitats than 

in tidal freshwater habitat. The high variability of crab assemblage might be attributed to the 

annual arrival to SRE marsh-edge nursery habitats of some crab species (e.g., blue crab and 

lesser blue crab). Juvenile crab are normally found at low tide near the water’s edge hiding from 

predators and looking for food and, therefore, are potentially exposed to wide daily fluctuations 

in temperature and salinity (Williams 1984). Although some species of crab inhabit a wide range 

of salinities and their spatial habitats overlap (e.g., blue crab and lesser blue crab), their numbers 

vary along the wide range of salinities according to species-specific physiological requirements 

(Williams 1984). 

The temporal (seasons) and spatial (salinity ranges) comparisons among assemblages of 

fish, crab, and shrimp species showed less variability of shrimp assemblages compared to those 

of fish and crab species. Because species of shrimp (e.g., daggerblade grass shrimp and common 

grass shrimp) are capable of withstanding wide daily fluctuations in temperature and salinity at 
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low tide near the water’s edge (Knowlton and Williams 1970, Williams 1960, Bowler and 

Seidenberg 1971, Williams 1984), less variability in shrimp assemblage was expected for this 

comparison. This expectation was confirmed by the presence of great number of individuals of 

the same shrimp species in most of the seasons and salinity-defined habitats. 

Except for the minimum variability found between summer and fall assemblages of 

shrimp and between oligohaline and mesohaline assemblages of crab and shrimp, intermediate 

variability was found for seasonal and salinity-defined habitat assemblages of fishes, crab, and 

shrimp. Analysis of similarities of fish, crab, and shrimp assemblages by season supports 

findings of the analysis of seasonal differences in abundance and diversity in the species that 

composed those assemblages. Seasonal differences are attributed to the presence of transient 

freshwater and marine species using multiple salinity-defined habitats in one or two seasons 

(Jennings and Weyers 2003) and to the shifts in abundance of many estuarine generalists during 

certain seasons and in certain salinity-defined habitats (Rozas and Hackney 1984, Rakocinski et 

al. 1992, Witting et al. 1999). 

 

CONCLUSIONS 

 

The Savannah River Estuary (SRE) is one of the largest marsh ecosystems on the Atlantic 

Coast, encompassing about 117,358 hectares and including the 10,926-hectare Savannah 

National Wildlife Refuge in the upper estuary near the freshwater/saltwater tidal interface. 

Alterations to the SRE have occurred for over 300 years, and changes in the estuary – including 

sea-level rise – will continue in the future. The methods used to sample water quality and fish, 

crab, and shrimp species along the marsh-edge of the SRE were effective in quantifying temporal 
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(season) and spatial (salinity-defined habitats) distributions of those species. Salinity-defined 

habitats sampled in the SRE during this study yielded 1,370 fishes from 39 species and 24 

families, 199 crab from 5 species and 4 families, and 5,349 shrimp from 4 species and 2 families. 

Changes in environmental variables (water surface temperature and dissolved oxygen) 

within season were nominal compared to the obvious changes that occurred among seasons. 

Surface temperatures and dissolved oxygen varied less than 2.0 °C and 4.0 mg/l, respectively, 

within each season and probably did not affect the distributions of fishes, crab, and shrimp. 

Seasonal changes in environmental variables and abundance, diversity, and assemblages of fish, 

crab, and shrimp species were evident. In spring, abundances and diversity of fish species from 

the Clupeidae, Bothidae, Poecillidae, and Cynoglossidae families, crab species from the 

Portunidae family, and shrimp species from the Panaeidae and Palaemonidae families increased 

in a variety of salinity-defined habitats. In summer, abundances, and diversity of fish species 

from the Sciaenidae and Gerreidae families, and shrimp species from the Penaeidae family 

increased in a variety of salinity-defined habitats. In fall, the number of fish and crab species 

decreased, and the abundances of fish, crab, and shrimp species were low. In winter, abundance, 

diversity, and assemblage of fish, crab, and shrimp species were low; almost all species declined 

in abundance, and many species disappeared from sampling sites. In general, spring had a high 

variety of fish species and high fish abundances, and summer had a high variety of fish species 

and crab and shrimp abundances. Whereas freshwater goby and southern flounder dominated 

abundances in spring, blue crab and white shrimp dominated abundances in summer in the SRE. 

Spatial (salinity-defined habitats) differences in trends of the number of fish, crab, and 

shrimp species and in the abundance of common fish and shrimp species were evident in this 

study. The number of species by taxon increases from tidal freshwater (fishes=13, crab=1, 
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shrimp=3) to oligohaline (fishes=21, crab=3, shrimp=4) and mesohaline (fishes=30, crab=5, 

shrimp=4) habitats. Whereas higher freshwater goby abundances were found in oligohaline 

habitat than in mesohaline habitat, higher abundances were found in mesohaline habitat for white 

shrimp and oligihaline habitat for daggerblade shrimp than in in fresh water habitats. Variability 

in species assemblages was high among tidal freshwater habitat and mesohaline habitat for fishes 

and among tidal freshwater habitat and oligohaline and mesohaline habitats for crab. 

Overall, the SRE supported a diverse and abundant fish community mostly consisting of 

estuarine generalists capable of tolerating a wide range of salinities (1.0-15.0 ‰), transient 

marine species whose distribution is limited to areas with higher salinities (> 10 ‰), and 

transient freshwater species that could not tolerate salinities above 5.0 ‰. This fish assemblage 

is enhanced by the presence of crab and shrimp species capable of tolerating a wide range of 

salinities. This heterogeneous biological community is determined by frequent (every 6 hours) 

tidal fluctuations that produce spatial shifts in various salinity-defined habitats in the SRE. These 

habitats are also influenced by seasonal changes in river discharge and wind-related flood 

regimes. Most of the fish, crab, and shrimp abundances were comprised of relatively few species 

that are important ecologically, commercially, and recreationally. Twelve species caught in 

samples (including five of the seven most abundant) were protected species for which Fishery 

Management Plans were developed by four regional fishery management entities. Gray snapper 

and white shrimp are protected by the South Atlantic Fishery Management Council (SAFMC 

2015). American Eel, Atlantic croaker, Atlantic menhaden, bluefish, spot, spotted seatrout, and 

summer flounder are protected by the Atlantic States Marine Fisheries Commission (ASMFC 

2015). Spotted seatrout, blue crab, and white shrimp are protected by Georgia Department of 

Natural Resources (GADNR 2015), and Atlantic croaker, blue crab, jack crevalle, southern 
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flounder, spot, spotted seatrout, summer flounder, and white shrimp are protected by South 

Carolina Department of Natural Resources (SCDNR 2015). 

In summary, freshwater species probably would be at the greatest risk of range 

contraction or population declines in the SRE in the advent of SHEP-induced or sea level rise-

related increases in SRE salinities. As such, freshwater species or those intolerant of higher 

salinities may be useful indicators for evaluating the degree and directionality of changes to the 

various salinity-defined habitat zones in the SRE. However, this study showed that the dynamic 

nature of the SRE creates conditions for complex interrelated assemblages of fish, crab, and 

shrimp species. Therefore, a more comprehensive assessment of a variety of organisms that are 

known to be an essential part of the biological community in the SRE could give a better 

understanding of the biological effects in the SRE produced by the SHEP. 
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