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Executive Summary 
 

 

Submerged aquatic vegetation (SAV) such as tapegrass (Vallisneria americana) may 
be the most important biological component of the lower St. Johns River that is 
physically tied to surface water quality.  An understanding of water quality and other 
factors limiting the distribution and abundance of SAV, and how SAV in turn affects 
other biota, is fundamental to developing sound management practices for the 
restoration and protection of natural systems associated with the basin’s surface water.  
Surprisingly little is known about the importance of SAV to fishes and other aquatic 
organisms in the estuarine portion of the St. Johns River.  The present study was 
carried out to address this gap in our understanding of the St. Johns River estuary and 
to provide background information for future studies 

 

Fish abundance and community composition were compared in beds of tapegrass and 
adjacent sand flats at nine locations in the St. Johns River estuary.  Throw traps and 
seines were used to collect fishes from these habitats in May 1996, August 1996, 
November 1996, February 1997, May 1997, and August 1997.  A complementary 
trawl survey of fishes occupying deeper habitats was performed in February 1997, 
May 1997, and August 1997. 

 

A total of 21,185 individuals and 44 species were collected from nearshore habitats 
with throw traps and seines.  Inland silversides (20%), bay anchovy (17%), naked 
goby (15%), rainwater killifish (12%), brown bullhead (7%), bluegill (6%), spot (5%), 
clown goby (3%), redear sunfish (3%), freshwater goby (2%), largemouth bass (2%), 
croaker (2%), and Seminole killifish (1%) were numerically dominant and accounted 
for 95% of the total catch.  Additionally, 21,185 macroinvertebrates were collected, 
with grass shrimp (46%), damselfly larvae (34%), mud crabs (16%), and blue crabs 
(2%) being numerically dominant. 

 

The nearshore community was a mixture of transient species that recruit from offshore 
and resident species that spend their entire lives in the St. Johns River estuary.  
Although species varied considerably in their preferences and tolerances for salinity, 
this factor did not appear to play a significant role in organizing the nearshore 
community of fishes.  This lack of pattern reflected relatively low salinities that 
occurred throughout the study period.  

 

Most nearshore fishes did not exhibit significant seasonal variation in abundance.  A 
notable exception was largemouth bass, which recruited into grass beds in the spring, 
declined considerably in abundance by late summer, and were virtually absent during 
fall sampling periods.  Appendix 2 examines mechanisms underlying this fluctuation. 
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On average, a square meter of tapegrass supported about three times as many 
individuals and twice as many species as adjacent non-vegetated habitats.  Therefore, 
tapegrass and other SAV are a critical nearshore habitat that should be a focus of 
restoration and conservation efforts.  

 

Abundance of nearshore fishes varied considerably among estuarine locations, 
probably largely reflecting differences in the "health" of grass beds.  Fishes were most 
abundant in rural locations south of Green Cove Springs and north of Palatka.  

 

Abundance and diversity estimates were affected by type of sampling gear, with throw 
traps providing higher estimates of density and species richness than seines.  In 
contrast, time of day did not appear to affect sampling effort. 

 

The demersal fish community of the St. Johns River was distinct from nearshore 
communities. A transient species, the Atlantic croaker, comprised 63% of the 4,927 
individuals (45 species) collected by trawling in channels.  Bay anchovy, menhaden, 
spot, and sunfishes were also numerically important. 

 

In contrast to the nearshore fish community, the demersal fish community changed 
appreciably along the estuarine gradient—bay anchovy dominated mesohaline sites, 
Atlantic croaker dominated oligohaline and tidal freshwater sites, and sunfishes were 
subdominant in tidal freshwater sites.  Fish abundance was considerably lower in 
mesohaline sites than in oligohaline and tidal freshwater sites. 

 

The size of demersal fishes varied considerably during the study and provided insight 
into timing of recruitment and ontogenetic shifts in habitat use. 

 

Time of day affected estimates of fish abundance and size, with trawls collected 
during the day containing significantly more and larger fishes. 

 

Management recommendations are provided throughout the report.  The major theme 
of these recommendations is that the District should coordinate with other resource 
agencies and develop a long-term monitoring program.  Fishes are an excellent 
indicator of ecosystem health and should prove an effective metric to evaluate the 
effects of natural and human disturbances within the St. Johns River estuary. 

 The rainwater killifish was a numerically important member of the nearshore fish 
community in the estuarine portion of the St. Johns River.  I have appended a separate 
manuscript (submitted to the journal Estuaries) that describes patterns of habitat use 
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over a large spatial scale. Behavioral observations in the laboratory indicated that 
rainwater killifish preferred vegetated habitats in the absence of both potential prey 
and predators and that use of vegetated habitats increased further upon addition of 
predatory largemouth bass.  Survival of rainwater killifish exposed to largemouth bass 
was significantly higher in vegetation than over open sand.  Therefore, behavior can 
explain patterns of habitat use observed in the field. 

 

 

 

Mark Bartolini collaborated on this project and his M.S. thesis for the University of 
Florida is appended.  Mark's research focused on habitat use, feeding habits, and 
foraging behavior of largemouth bass and other predatory fishes in grass beds and 
sand flats of the lower St. Johns River.  He used a combination of electrofishing, gill 
nets, and foraging experiments to determine that vegetated habitats supported a greater 
abundance and diversity of predatory fishes than adjacent non-vegetated habitats.  
Vegetated habitats were dominated by largemouth bass, Florida gar, warmouth, 
bowfin, brown bullhead, and chain pickerel, whereas open sand habitats were 
dominated by longnose gar and channel catfish.  The diet of largemouth bass varied 
with size and season.  Finally, habitat preferences of largemouth bass changed with 
ontogeny in response to changes in relative risk of predation. 

 Heather Soulen collaborated on this project and her M.S. thesis for Georgia Southern 
University is appended. Heather examined the distribution, habitat use, and 
demography of numerically important grass shrimp in grass beds and sand flats of the 
lower St. Johns River.  She used a combination of throw trap surveys, laboratory 
measurements, and behavioral experiments to study four species of grass shrimp found 
in the estuary.  Absolute and relative abundance of these species varied considerably 
along the estuarine gradient, but grass shrimp were consistently more abundant in 
tapegrass than in adjacent sand flats.  Heather’s experimental results indicate that grass 
shrimp will use both vegetated and non-vegetated habitats, but shift to using mostly 
vegetated grass shrimp in the presence of predatory largemouth bass.   

 

Joanna DeSalvo collaborated on this project and her undergraduate honor’s thesis for 
Loyola University New Orleans is appended.  Joanna examined the distribution and 
habitat use of numerically important grass shrimp in grass beds and sand flats of the 
lower St. Johns River using a combination of throw trap surveys, laboratory 
measurements, and salinity tolerance experiments. She found that damselfly larvae 
had a strong preference for vegetated habitats, these preferences in part reflected a 
combination of oviposition behavior and avoidance of predators, and the distribution 
of damselfly larvae was limited more by availability of suitable grass beds than by 
variation in other environmental factors (e.g., salinity). 
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Introduction 

 

 Submerged aquatic vegetation (SAV) is an important component of estuarine ecosystems, 

providing habitat structural complexity, settlement substrata, and significant primary production 

in well-lit, shallow waters.  Beds of SAV provide critical habitat and food resources for fish, 

invertebrates, waterfowl, and the endangered Florida Manatee (Trichechus manatus latirostris).  

Beds of SAV also contribute to improved surface water quality (e.g., by recycling nutrients, 

removing contaminants, increasing dissolved oxygen, and increasing water clarity) and shoreline 

protection (e.g., by reducing wave energy during storms and binding unconsolidated sediments 

with roots and rhizomes). Clearly, SAV may be the most important biological component of the 

lower St. Johns River that is physically tied to surface water quality.   

An understanding of water quality and other factors limiting the distribution and 

abundance of SAV, and how SAV in turn affects other biota, is fundamental to developing sound 

management practices for the restoration and protection of natural systems associated with the 

St. Johns River estuary (LSJRB Swim Plan).  Accordingly, the St. Johns River Water 

Management District (hereafter the District) has been carrying out a long term monitoring effort 

in the lower St. Johns River to assess the "ecological health" and areal extent of the SAV 

community in conjunction with water quality.  This effort has generated necessary information 

required by resource managers in planning and permitting boat ramps, docks, bulkheads, and 

manatee protection zones.  Additional research is needed in the St. Johns River estuary to 

provide a better understanding of the functional importance of beds of SAV to fishes and other 

estuarine organisms that are commercially, recreationally, and ecologically important. 

Submerged aquatic vegetation plays an important role in structuring estuarine fish 

communities (Adams 1976a, 1976b, Heck and Orth 1980, Stoner 1983, Orth et al. 1984, Heck et 

al. 1989, Jordan et al. 1996, Fonseca et al. 1998).  Fishes reside in SAV for both protection from 

predators and for enhanced foraging opportunities (Crowder and Cooper 1982, Bell and Westoby 

1986a, 1986b, McIvor and Odum 1988, Rozas and Odum 1988, Heck and Crowder 1991, Jordan 

et al. 1996).  Structurally complex beds of SAV serve as nursery areas for both recreationally and 

commercially important species such as largemouth bass, redfish, and spotted seatrout.  

Moreover, SAV also serves as a foraging ground for adults of these same species and other 

predatory fishes.  Much of the published work on the importance of grass beds to fishes has 
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focused on marine species of SAV, including turtlegrass (Thalassia), shoalgrass (Halodule), 

widgeongrass (Ruppia), and eelgrass (Zostera).  In contrast, relatively little research has 

examined the importance of tapegrass (Vallisneria americana), which is the dominant species of 

SAV in the St. Johns River estuary.  Duffy (1997) found that tapegrass is a major habitat for 

fishes and macroinvertebrates in Lake Pontchartrain estuary in Louisiana.  Most other research 

on the fish communities of tapegrass has been performed in freshwater habitats (e.g., Keast 

1984). 

Research on the ichthyofauna of the St. Johns River estuary has, at best, a rather "spotty" 

history, which is surprising considering the historical and economic prominence of this 

watershed and its proximity to several major universities.  McLane (1955) produced a 

comprehensive review of the biology of fishes inhabiting the St. Johns River.  Aspects of 

feeding, reproduction, and geographic variation are covered in considerable detail, but little 

quantitative information on patterns of habitat use and spatiotemporal variation is provided.  The 

Florida Fish and Wildlife Conservation Commission has examined various aspects of the 

commercial fisheries in the lower St. Johns River, but most of their ecological studies have 

focused on sport fishes or the upper St. Johns River.  Carole DeMort has done a considerable 

amount of work on the demersal fish communities in the lower St. Johns River (see Chapter 2), 

but has not examined nearshore fish communities.  Continental Shelf Associates (1993) carried 

out a comprehensive study of demersal and nearshore fish communities between Doctor's Lake 

and Red Bay Point.  This study demonstrated that beds of SAV provide an important habitat and 

supports a fish community distinct from the demersal fish community.  Finally, Weaver (1998) 

recently completed a thorough study of the fish communities of tidal creeks near the mouth of 

the St. Johns River.   

Collectively, previous studies in the St. Johns River provide a list of resident and 

transient species, information on reproduction and recruitment, foraging habits of common 

species, and some information on the relative importance of different habitats.   In this paper, I 

describe the results of a 16-month study that evaluated the relative importance of beds of 

tapegrass (Vallisneria americana) and adjacent sand flats to fishes throughout much of the St. 

Johns River estuary.  I also evaluated how time of day (day vs. night) and gear type (throw trap 

vs. seine) affected sampling.  In a subsequent chapter and appendices, I present results from a 

series of additional studies that examined the demersal fish community and habitat use, foraging 
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ecology, and distribution of four ecologically critical nearshore organisms (largemouth bass, 

grass shrimp, damselfly larvae, and rainwater killifish) in greater detail. 

 

Materials and Methods 
 
Study area and Sampling Sites 

 The St. Johns River is the longest river in Florida and flows northward 480 km from its 

headwater marshes in Indian River, St. Lucie, and Brevard Counties to its mouth in northeastern 

Duval County.  The St. Johns River is an extremely shallow and low gradient system (≈1% 

slope) that typically experiences daily tidal reversals up to Lake George, which is 160 km 

upstream of its mouth.  The fauna is considered estuarine up to about Lake George, although 

marine derived fishes and invertebrates (e.g., Mugil cephalus, Callinectes sapidus) are 

commonly encountered even further upstream (McLane 1955, Tagatz 1968).  DeMort (1991) 

provides a thorough description of the St. Johns River estuary and only salient features are 

recounted here. 

 The St. Johns River estuary can be divided into mesohaline, oligohaline, and tidal 

freshwater portions (Figure 1) that support no, sporadic, and abundant beds of SAV, 

respectively.  Salinity is not the primary limiting factor for the growth and reproduction of 

tapegrass (Kraemer et al. 1999).  Therefore, low light penetration, lack of suitable substrata, and 

dredging probably interact to limit the distribution and size of SAV beds in the mesohaline 

portion of the estuary (John Burns, personal communication).  Low light levels also appear to be 

the primary reason that beds of SAV are restricted to the shallow margins (generally less than 1.5 

m) within much of the estuarine portion of the river.  Tapegrass is the dominant SAV with 

respect to areal coverage and biomass, with Potamogeton spp. and Najas guadalupensis being 

locally and/or seasonally abundant (DeMort 1991).  Sand flats and SAV beds are interspersed 

within the shallow margins of oligohaline and tidal freshwater portions of the St. Johns River 

estuary.  Nine widely separated sites (Figure 1) were selected for sampling based upon the 

presence of extensive beds of tapegrass and location within the estuary (oligohaline vs. tidal 

freshwater).  The Bolles, Buckman Bridge, Julington Creek, and Mocassin Slough sites were 

within the oligohaline portion of the estuary, whereas the Orangedale, Bayard Point, Scratch 

Ankle, Federal Point, and Palatka Island sites were within the tidal freshwater portion of the 

estuary. 
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Collection of Fishes 

 My primary objective was to compare use of grass beds and sand flats by fishes 

throughout the estuarine portion of the St. Johns River.  I selected an aluminum throw trap (100 

x 100 x 75 cm) to sample fishes because preliminary observations indicated that these habitats 

would be numerically dominated by small-sized (i.e., < 100 mm standard length) fishes.  Throw 

traps are one of the most effective methods available to accurately quantify the abundance of 

small-sized (<100 mm standard length) fishes, especially in densely vegetated habitats such as 

grass beds (Kushlan 1981, Freeman et al. 1983, Chick et al. 1992, Jordan et al. 1997, Rozas and 

Minello 1997).  The throw trap was thrown into the desired habitat and then pressed firmly into 

the substrate.  Above ground plants were uprooted and rinsed to dislodge any fishes.  A bar seine 

(3-mm mesh) was passed through the trap until three consecutive empty sweeps were obtained.  

Fishes were picked carefully from the detritus collected in each sweep of the bar seine and 

preserved in 10% buffered formalin.  Fishes were later rinsed, identified, and enumerated in the 

laboratory.  Plants were spun to remove excess water and then weighed to the nearest 0.1 kg to 

obtain an index of habitat complexity (Jordan et al. 1998).   

Although throw traps provide accurate abundance data, the small area sampled may be 

ineffective for collecting rare or patchily distributed fishes.  Therefore, I complemented throw 

trap collections with a beach seine (4.5-m long, 1.5-m deep, 3-mm mesh) that was pulled over 9-

m transects and then rapidly lifted out of the water to retrieve captured fishes.  The number of 

fishes collected in each seine haul was divided by the total sampling area (40.5 m2) to facilitate 

comparison with throw trap data. 

 

Study Design and Statistical Analyses 

 Throw traps and seines were used to quantify fish abundance in grass beds and sand flats 

at each of the nine estuarine locations during the following sampling periods: May 1996, August 

1996, November 1996, February 1997, May 1997, and August 1997.  Six throw trap samples and 

two seine hauls were collected from each habitat type at each site during each sampling period 

(N=648 throw traps and 216 seine hauls).  Estimates of fish abundance were made at several 

ecologically relevant scales: among samples within a habitat, between habitats within an 

estuarine location, among estuarine locations, and among sampling periods.  Samples within a 
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site are not statistically independent of one another (Hurlbert 1984), so I combined data from 

samples to estimate total fish density, relative abundance of numerically dominant fishes, and 

species richness for each sampling gear.  I considered habitat a fixed effect that was nested 

within estuarine location, a random blocking effect.  There are a variety of approaches that can 

be used to analyze data collected repeatedly from fixed locations, including split-plot analysis of 

variance (e.g., Chick and McIvor 1994), repeated measures analysis of variance (e.g., Jordan et 

al. 1998), and multivariate analysis of variance (e.g., McIvor and Odum 1988).  There is little 

consensus about which method is most appropriate (Underwood 1997) and it appears that 

problems with temporal autocorrelation may be minimal for intervals of about 60 d or more 

(Osenberg et al. 1996).  Since collections were about 90 days apart, I treated sampling period as 

an independent, fixed effect.  I then used analysis of variance to test for the effects of site, 

habitat, sampling period, and the interaction between habitat and sampling period on species 

richness, total fish density, density, and relative abundance of numerically dominant fishes.   

Prior to analysis, density and species richness data were log10-transformed and relative 

abundance data were angular transformed to reduce observed heterogeneity of variances and 

better approximate normality (Underwood 1997).  Other statistics are described in the Results 

section as used. 

 

Diel Variation 

 Patterns of habitat use by estuarine fishes may vary between day and night periods.  To 

test this hypothesis, throw trap samples were collected during the daylight and evening at the 

Moccasin Slough site during May 1997.  Day and evening throw trap collections were made in 

the same grass beds and sand flats, but 1-m2 plots that had already been sampled were carefully 

avoided.  Analysis of variance was used to test for the effects of habitat type (grass bed or sand 

flat), time of day (day or night), and the interaction between habitat type and time of day on the 

density and number of species of fishes collected with a throw trap.  Since only a few fishes were 

collected from sand flats, a t-test was used to compare the standard length of fishes collected 

from grass beds during the day and night.  For comparisons between day and night collections, 

individual throw traps were considered independent replicates and non-transformed data were 

analyzed because variances were homogeneous (O’brien’s procedure, p>0.05). 
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Results 

 
Summary of Collections 

 Using a combination of seines and throw traps, I collected 21,185 individuals and 44 

species of fish from the St. Johns River estuary (Tables 2.1-2.6).  Inland silversides were 

numerically dominant and comprised 20% of the total catch.  Bay anchovy (17%), naked goby 

(15%), rainwater killifish (12%), brown bullhead (7%), bluegill (6%), spot (5%), clown goby 

(3%), redear sunfish (3%), freshwater goby (2%), largemouth bass (2%), croaker (2%), and 

Seminole killifish (1%) were subdominant species that accounted for another 75% of the total 

catch.  However, community composition varied depending on sampling method (see below). 

 Although not the focus of this study, I also quantified the abundance of 

macroinvertebrates collected with seines and throw traps.  Of 21,185 macroinvertebrates 

collected, 46% were grass shrimp.  Damselfly larvae (34%) and mud crabs (16%) were also 

numerically important.  Although blue crabs comprised only 2% of the total catch numerically, 

they were likely the dominant macroinvertebrate with respect to biomass and top-down effects 

on prey populations.  Additional information about grass shrimp and damselfly larvae is 

provided in the appendices. 

   

Variation between Sampling Methods 

 I compared data obtained with throw traps and seines to determine whether sampling 

method affected estimates of fish abundance, diversity, and community composition.  After 

correcting for differences in the area sampled, it appears that throw traps provide significantly 

(F1,212=48.206, p=0.0001) larger estimates of fish density than seines (Figure 2.2).  Lack of a 

significant interaction (F1,212=0.894, p=0.3454) indicates that the difference between sampling 

methods is consistent between habitats (Figure 2.2). Overall, the density of fishes collected in 

throw traps and seines was positively correlated (r=0.614, p=0.0001).  There was very little 

difference in the number of species collected with seines (n=43) and throw traps (n=36), and the 

average number of species collected at a given location did not differ between methods 

(F1,212=1.218, p=0.2711).  Comparison of diversity between habitats is sensitive to underlying 

differences in abundance and requires rarefaction of data prior to analysis (Stiling 1999).   

Therefore, I performed a second ANOVA using log10-transformed density as a covariate and 
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found that species richness was about 25% higher in throw traps than in seines (F1,211=20.710, 

p=0.0001). 

 Species ranks were significantly correlated with one another for all habitat and location 

combinations (Kendall's tau ranged between 0.354 and 0.767), indicating that seines and throw 

traps were generally sampling from the same fish community.  However, there were some 

important differences in the dominant species that probably reflected sampling gear biases.  

Seine data indicated that pelagic and/or schooling fishes (e.g., inland silversides, bay anchovy, 

croaker, spot) tended to dominate, whereas throw trap data indicated that less social and/or 

benthic and epibenthic fishes (e.g., gobies, killifish) dominated. 

 One of the primary concerns about use of throw traps is that larger fishes will not be well 

represented.  Indeed, I found that throw traps and seines sampled different size distributions 

(Kolmogorov-Smirnoff X2=748.874, p=0.0001).  On average, fishes collected with throw traps 

were about 3-mm (13%) shorter than fishes collected with seines (Figure 2.2; F1,17,258 = 

217.779,p=0.0001).  

Throw traps provided better estimates of abundance diversity than seines.  Although 

throw traps appear to underestimate fish size by about 3 mm, this difference was not likely 

biologically significant.  Therefore, I focus the remaining analyses and discussions on data 

obtained with throw traps. 

 

Variation between Day and Night 

 During May 1997, I collected throw trap samples during both the day and night at 

Moccasin Slough to determine whether daytime sampling was adequate to describe the fish 

community.  Neither time of day (F1,20=0.429, p=0.5199) nor the interaction between time of day 

and habitat type (F1,20=0.429, p=0.5199) affected estimates of total fish (Figure 2.3). Similarly, 

neither time of day (F1,20=3.810, p=0.0651) nor the interaction between time of day and habitat 

type (F1,20=3.810, p=0.0651) affected estimates of species richness (Figure 2.3).  In summary, 

throw traps collected during the day and night appear to sample the same fish community. 

 

Variation between Habitats 

 There was considerable variation in the abundance and diversity of fishes between grass 

beds and adjacent sand flats (Table 2.7).  Overall, habitat accounted for 21% of the variation in 
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abundance and 43% of the variation in species richness.  Grass beds supported significantly more 

individuals and more species than did adjacent sand flats.  Nine of the numerically abundant 

species were distributed non-randomly between habitats, indicating species-specific patterns of 

habitat use.  Brown bullhead, largemouth bass, naked goby, rainwater killifish, Seminole 

killifish, and sunfishes were significantly more abundant in grass.  Clown goby, inland 

silverside, and spot were significantly more abundant in sand flats.  Finally, Atlantic croaker, bay 

anchovy, and freshwater goby appeared to be distributed randomly between habitats. 

 Differences in total fish density between habitats were generally consistent throughout 

the study period (Figure 2.4; see non-significant interaction effects in Table 2.7), whereas the 

differences in species richness varied among sampling periods (Table 2.7, Figure 2.4).  Patterns 

of habitat use did not vary among sampling periods for most species (see non-significant 

interaction effects in Table 2.7).  However, there was evidence of seasonal variation in habitat 

use for largemouth bass, naked goby, spot, and sunfishes  (Table 2.7, Figure 2.5).  For example, 

largemouth bass recruited into grass beds during the spring (May 1996 and 1997), declined 

considerably in abundance by late summer (August 1996 and 1997), and were virtually absent 

during fall sampling periods.  Naked goby were virtually absent during the first two sampling 

periods, but were quite successful throughout the remaining study period and even increased 

their use of sand flats.  Atlantic croaker were virtually absent from my samples until August 

1997, when a large cohort was encountered in sand flats.  The interaction between habitat type 

and sampling period appears to be a statistical artifact for sunfishes, because this group was 

consistently more abundant in grass beds than sand flats.  

 

Variation among Estuarine Locations 

 By definition, estuaries such as the lower St. Johns River are quite variable with respect 

to physicochemical conditions and it is likely that environmental differences among sites will 

result in spatial variation in the abundance and diversity of fishes.  Indeed, 15% of the variation 

in total fish density and 12% of the variation in species richness was explained by location within 

the estuary (Table 2.7, Figure 2.6).  Rural sites located north of Palatka and south of Green Cove 

Springs (i.e., Ankle Scratch, Bayard Point, and Federal Point) supported the highest densities of 

fishes (contrast, F1,107=14.5, p=0.0003).  I tested for correlations between total fish density and a 

number of physicochemical variables collected in the field or provided by the District, including 
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water depth, plant biomass, plant density, shoot density, epiphyte load, distance to edge of SAV 

bed, depth at edge of SAV bed, alkalinity, chlorophyll a and c, color, conductivity, dissolved 

oxygen, light extinction, pH, temperature, TDS, TSS, and turbidity.  None of these correlations 

were significant after adjusting for multiple unplanned tests using the Bonferroni procedure (i.e., 

α=0.05/19=0.0026).  Rainwater killifish were sensitive to variation in salinity and habitat 

complexity (Appendix 1). 

Species that were most variable among sites include rainwater killifish, inland silverside, 

sunfishes, clown goby, freshwater goby, and naked goby.  Salinity is considered one of the most 

important structuring variables in estuarine systems, so I examined the distribution of 

numerically abundant fishes between the oligohaline and tidal freshwater portions of the estuary 

(Figure 2.7).  No species was restricted to one section of the river, but several species were 

clearly more abundant in one section or another.  For example, few brown bullhead or Atlantic 

croaker were collected at oligohaline sites.  In contrast, most freshwater goby, rainwater killifish, 

and spot were collected from oligohaline sites. 

I examined variation in fish community composition among sites using two disparate 

methods.  First, I used cluster analysis (Ward’s method) to determine whether sites could be 

grouped together based on the relative abundance of numerically dominant fishes.  The resulting 

cluster diagram (Figure 2.8) is somewhat difficult to interpret because there were no clear 

patterns of association based on estuarine location.  Similarly, a multivariate analysis of variance 

provided only minimal discrimination among estuarine locations (Figure 2.9).  In summary, fish 

community composition did not vary in a consistent fashion along the estuarine gradient. 

 

Discussion 

 

Although sampling effort was spatially extensive and included 9 locations, many 

conclusions that I draw about the nearshore fish community are necessarily tentative because of 

the temporal brevity of this research.  Previous research (McLane 1955, Tagatz 1968, 

Continental Shelf Associates 1988, 1993, DeMort 1991, Weaver 1998, and unpublished reports 

by the FFWCC) provides a number of additional “snapshots” that can be pieced together to 

produce a clearer picture of the nearshore, demersal, and tidal creek fish communities of the 

lower St. Johns River.  However, this collection of temporally and/or spatially abbreviated 
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studies does not provide the long-term database needed to reliably assess the success or failure of 

management actions.   

 
I strongly encourage the District to review earlier recommendations provided by 

Continental Shelf Associates (1993) and coordinate with FFWCC and other 

agencies to develop a long-term monitoring program for the lower St. Johns River 

ecosystem.  

 
I also encourage the District to create a centralized, georeferenced database of 

environmental and biological data collected from the lower St. Johns River.  This 

database will prove invaluable in identifying information gaps, generating 

strategies for adaptive management, and evaluating the outcome of management 

actions.  Substantive effort should be invested in obtaining and archiving raw 

data used to generate reports, theses, dissertations, and publications. 

 

Characterization of the Nearshore Fish Community 

A central goal of this research was to determine the importance of SAV to fishes in the 

St. Johns River estuary.  On average, a square meter of tapegrass supported about three times as 

many fishes and two times as many species as adjacent non-vegetated habitats.  This pattern is 

consistent with a growing body of literature for both freshwater (Gerking 1957, Hall and Werner 

1977, Crowder and Cooper 1982) and marine systems (Orth and Heck 1980, Stoner 1983, Orth et 

al. 1984, Heck et al. 1989, Ferrell and Bell 1991, Sogard and Able 1991, Jordan et al. 1996).  

The nearshore community actually appeared to be comprised of two distinct groups of fishes.  

Inland silverside, clown goby, Atlantic croaker, and spot dominated non-vegetated habitats, 

whereas naked goby, rainwater killifish, and sunfishes dominated in beds of tapegrass.    

Although complicated by differences in sampling methods, it appears that the fish 

communities in nearshore habitats were strikingly different from the demersal fish community in 

the channel (see next chapter).  For example, transient Atlantic croaker comprised 63% of the 

demersal fish community but less than 1% of the nearshore fish community.  Overall, there was 

very little concordance between species ranks of the demersal and nearshore fish communities.  

McLane (1955) and Continental Shelf Associates (1993) found essentially the same patterns.  
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Left: variation in size of spot and 
Atlantic croaker. 

 

 

 

 

 

 

Habitats may be functionally linked because patterns of habitat use often change with 

time of day, season, and ontogenetic stage (Irlandi and Crawford 1997). A few species, such as 

spot and Atlantic croaker, were found in both demersal habitat and the sand and mudflats near 

shore.  Individuals captured near shore were significantly smaller than those captured in channel 

habitat (see figure above), suggesting ontogenetic shifts in habitat use.  

Why are grass beds so much more productive than non-vegetated habitats? Since 

predators are so common in and around grass beds in the St. Johns River estuary (Appendix 2), 

my students and I hypothesized that risk of predation plays an important role in habitat use 

decisions made by common prey species.  Rainwater killifish (Appendix 1), juvenile largemouth 

bass (Appendix 2), grass shrimp (Appendix 3), and damselfly larvae (Appendix 4) were more 

vulnerable to predators in non-vegetated habitats and demonstrated strong preferences for 

vegetated habitats. A number of experimental studies indicate that preference for vegetated 

habitat largely reflects differences in food availability and/or risk of predation (e.g., McIvor and 

Odum 1988, Rozas and Odum 1988, Gotceitas and Brown 1993, Sogard and Olla 1993, 

Connolly 1994, Jordan et al. 1996).  

Other factors likely influence patterns of habitat use by fishes in the St. Johns River 

estuary.  For example, interspecific competition may help explain the complementary patterns of 

habitat use by two species of gobies (see figure below).  Naked gobies were about four times as 

abundant in grass beds than in sand, whereas clown gobies were about four times as abundant in 

sand than in grass beds.  Because these species are similar in size and have considerable dietary 

overlap, it is possible that one species is being competitively excluded from grass beds. 
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Left:cComplementary patterns of habitat use 

by naked and clown gobies suggests these 

species may be competing with one another. 

 

 

 

 

 

 

 

There are two primary management implications of variation in fish abundance 

and diversity between vegetated and adjacent non-vegetated habitats.  First, grass 

beds should be protected because they provide critical habitat for juvenile and 

adult fishes that are both recreationally and ecologically important.  Second, a 

variety of habitats should be conserved in order to provide a broad range of 

ecological opportunities and enhance the diversity of fishes.  Additional research 

will likely reveal more complex linkages between adjacent habitats. 

 

 

Seasonal Variation in Habitat Use 

 There are striking differences in the seasonality of fish habitat use between nearshore and 

channel habitats. Abundant demersal fishes such as spot and Atlantic croaker are considered 

transient species that recruit into an estuary, grow for about a year, and later migrate back 

offshore to spawn.  In contrast, many of the dominant species in grass beds are considered 

resident species, which spend their entire lives within the estuary.  There are seasonal ebbs and 

flows in population sizes of resident species that largely reflect mortality and ontogenetic shifts 

in habitat use within the estuary.  For example, juvenile largemouth bass show up in grass beds 

during the early spring and suffer fairly heavy mortality.  Those that survive long enough to 
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outgrow the gape limit of their predators (including older bass) may then move on to other 

habitats with relative impunity (Appendix 2).   Interestingly, as juvenile largemouth bass reach a 

large enough size to switch piscivory, the abundance of their preferred prey (rainwater killifish) 

starts to decline.  Therefore, some seasonal variation is probably due to coupling of predator and 

prey populations. 

 

The primary management implication of seasonal variation in fish abundance 

within the lower St. Johns River is that monitoring programs should be repeated 

throughout the year to measure recruitment success and ontogenetic shifts in 

habitat use.  Continental Shelf Associates (1993) recommended that sampling 

should be carried out monthly.  However, a bi-monthly or quarterly sampling 

regime will likely be sufficient to detect important seasonal changes in the 

abundance, size distribution, and condition of common species.  Reducing 

sampling frequency frees up resources that can be used to increase replication 

and the spatial extent of sampling effort.  Moreover, seasons and years are the 

appropriate units of temporal replication in long term monitoring programs. 

 

Changes along an Estuarine gradient 

Estuaries can be divided into tidal freshwater, oligohaline, mesohaline, and polyhaline 

sections based upon increasing annual mean salinity, with the location of sections varying due to 

seasonal and annual changes in freshwater input (Day et al. 1989).  Because estuarine fishes 

differ considerably in their osmoregulatory abilities, this longitudinal gradient in salinity plays a 

prominent role in organizing fish communities (Peterson and Ross 1991). On a small scale, such 

a longitudinal shift in fish community composition was quite obvious in tidal creeks near the 

mouth of the St. Johns River (Weaver 1998).  I also observed this pattern to a lesser degree in the 

demersal fish community occupying the main channel of the St. Johns River (Chapter 2).  

Although some nearshore fishes were clearly more abundant in one section of the estuary or 

another, there was little evidence of an overall shift in the composition of the nearshore fish 

community.  Continental Shelf Associates (1993) also found that the composition of the 

nearshore fish community was fairly consistent over a large spatial scale. 
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The availability of tapegrass is probably a more significant limiting factor for nearshore 

fishes than salinity per se.  Tapegrass beds are sporadic and poorly developed north of the Bolles 

site, suggesting that salinity may be limiting the success of this aquatic plant.  However, recent 

experimental work suggests that tapegrass should not be limited by salinity levels characteristic 

of the Bolles site.  Low light penetration, lack of suitable substrata, and dredging probably 

interact to limit the distribution and size of SAV beds in the St. Johns River estuary (John Burns, 

personal communication).  Large-scale variation in the density and size of plant stems can affect 

the abundance of fishes (Bell and Westoby 1986c). Although there was not a correlation between 

total fish density and either plant biomass or stem density, the lowest densities of fishes were 

observed at sites that had poorly developed grass beds (e.g., Bolles).  

Estuaries within highly urbanized landscapes are subject to myriad environmental 

stresses (e.g., eutrophication, habitat loss) that adversely affect the "health" of grass beds and 

associated fish communities.  For example, eutrophication increases phytoplankton and epiphyte 

production, reduces light penetration, and leads to a reduction in the areal extent of grassbeds 

(Fonseca et al. 1998).  Recruitment of transient and resident fishes can be reduced near urban 

areas because of significant declines in dissolved oxygen and other water quality parameters 

(Limburg and Schmidt 1990).  The highest densities of fishes were observed at rural sites located 

between Green Cove Springs and Palatka.  Additional collections of fishes and analysis of water 

quality data are needed to determine whether urbanization accounts for observed large-scale 

variation in the abundance of fishes in the St. Johns River estuary.  

 

Additional collections of fishes and analysis of water quality data are needed to 

determine whether urbanization accounts for observed large-scale variation in 

the abundance of fishes in the St. Johns River estuary.  A long-term monitoring 

program should be implemented to document spatiotemporal changes in the 

abundance and diversity of fishes and evaluate the effects of natural and human 

disturbances. 
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Selection of Sampling Gear and Time of Day 

 There is an emerging consensus that throw traps and other enclosure sampling devices 

are the most accurate method for estimating density of common estuarine species that dominate 

fish communities in grass beds (Jordan et al. 1997, Rozas and Minello 1997).  In this study, I 

found that density and species richness estimates obtained with throw traps were considerably 

higher than estimates obtained with small seines. Also, throw trap sampling appeared to work 

equally well during the day and night.  On the other hand, seines are useful for sampling when it 

is desirable to sample a much larger area, or when trying to estimate the abundance of fishes that 

are patchily distributed or travel in large social groups.  Also, seines require significantly less 

effort to use than throw traps. 

 
I concur with Continental Shelf Associates (1993) that the primary management 

implication of gear selection is that biases and selectivity should be quantified in 

order to obtain accurate information about patterns of habitat use and 

distribution within the lower St. Johns River.  A good rule of thumb is to use 

several methods (e.g., trawls, seines, throw traps) if the monitoring objective is to 

sample across a range of habitats, species, and size classes. 
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Table 2.1.  Total numbers of fishes collected with throw traps and seines from the estuarine 

portion of the St. Johns River in May 1996. 

 

  Ankle Scratch           Bolles    Bayard Point        Buckman     Federal Point Julington Creek Moccasin Slough      Orangedale        Palatka

Scientific Name Common Name sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass

Ameiurus natalis yellow bullhead 0 4 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0

Ameiurus nebulosus brown bullhead 0 96 0 0 0 0 0 2 0 1 0 0 0 0 0 1 0 0

Anchoa mitchili bay anchovy 0 0 0 61 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Anguilla rostrata American eel 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0

Archosargus probatacephalus sheepshead 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bairdiella chrysoura silver perch 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Brevoortia tyrannus Atlantic menhaden 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Dormitator maculatus fat sleeper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dorosoma cepedianum gizzard shad 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0

Elops saurus ladyfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Enneacanthus gloriosus bluespotted sunfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Eucinostomus spp. mojarra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fundulus confluentus marsh killifish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fundulus seminolis seminole killifish 0 11 0 0 0 4 0 0 1 0 0 2 0 5 0 7 0 0

Gambusia holbrooki eastern mosquitofish 0 15 0 0 0 0 0 2 0 2 0 0 0 1 0 0 0 0

Gobionellus boleosoma darter goby 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0

Gobionellus shufeldti freshwater goby 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gobiosoma bosc naked goby 0 2 0 0 0 4 0 0 0 5 0 0 0 0 0 2 0 0

Heterandria formosa least killifish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hyporhamphus unifasciatus silverstripe halfbeak 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lagodon rhomboides pinfish 0 0 0 3 0 0 0 10 0 0 0 1 0 2 0 0 0 0

Leiostomus xanthurus spot 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis auritus redbreast sunfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis gulosus warmouth 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Lepomis macrochirus bluegill 0 55 0 0 0 2 0 1 0 1 0 3 0 0 5 4 0 1

Lepomis microlophus redear sunfish 0 0 0 0 0 2 0 0 0 2 0 14 0 2 0 0 1 1

Lepomis punctatus spotted sunfish 0 0 0 0 0 0 0 1 0 0 0 0 0 3 0 0 0 0

Lepomis species unidentified sunfish 0 2 0 1 0 0 1 3 0 0 0 0 0 0 0 0 0 0

Lucania goodei bluefin killifish 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0

Lucania parva rainwater killifish 0 91 0 0 0 18 0 98 0 34 0 7 0 67 0 43 0 0

Menidia beryllina inland silverside 2 2 0 0 1 6 0 0 7 15 0 0 53 1 15 1 8 0

Microgobious gulosus clown goby 1 0 2 1 0 0 0 0 1 0 2 0 0 0 0 0 0 0

Microgobious thalassinus green goby 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Micropogonias undulatus Atlantic croaker 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Micropterus salmoides largemouth bass 0 18 0 0 0 6 1 16 0 30 0 25 1 51 0 6 0 1

Mugil cephalus striped mullet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Notemigonus chrysoleucas golden shiner 0 14 0 0 0 0 0 0 0 26 0 0 0 1 0 0 0 0

Paralichthys lethostigma southern flounder 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Pomoxis nigromaculatus black crappie 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sciaenops oscellatus red drum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Strongylura marina Atlantic needlefish 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Syngnathus floridae dusky pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Syngnathus fuscus northern pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Syngnathus scovelli gulf pipefish 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

Tilapia aurea blue tilapia 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Trinectes maculatus hogchoker 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

Anisoptera dragonfly larvae 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

Bivalvia clams 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Callinectes sapidus blue crab 0 2 0 4 0 0 0 8 0 6 0 7 0 4 1 0 0 3

Coleoptera adult beetle 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Coleoptera larva beetle 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Crayfish crayfish 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Gastropoda snails 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hemiptera true bugs 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Hirudinea leech 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Palaemonetes species grass shrimp 0 23 0 64 0 3 2 378 0 74 0 37 0 507 1 61 0 8

Penaeus species grooved shrimp 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Xanthidae mud crabs 0 0 0 1 0 0 0 1 0 0 1 15 0 3 0 0 0 0

Zygoptera damselfly larvae 1 18 0 3 0 55 0 14 1 449 2 111 0 35 2 20 1 8

Total 5 361 2 157 1 101 6 539 11 645 5 225 54 687 25 145 17 24  
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Table 2.2.  Total numbers of fishes collected with throw traps and seines from the estuarine 

portion of the St. Johns River in August 1996. 

 

Ankle Scratch Bolles Bayard Point Buckman Federal Point Julington Creek Moccasin Slough Orangedale Palatka

Scientific Name Common Name sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass

Ameiurus natalis yellow bullhead 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ameiurus nebulosus brown bullhead 0 1 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 0

Anchoa mitchili bay anchovy 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0

Anguilla rostrata American eel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Archosargus probatacephalus sheepshead 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bairdiella chrysoura silver perch 0 0 0 2 0 1 0 0 0 0 0 0 0 1 0 0 0 0

Brevoortia tyrannus Atlantic menhaden 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dormitator maculatus fat sleeper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dorosoma cepedianum gizzard shad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Elops saurus ladyfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Enneacanthus gloriosus bluespotted sunfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Eucinostomus spp. mojarra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fundulus confluentus marsh killifish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fundulus seminolis seminole killifish 0 57 0 0 0 1 0 2 0 1 0 4 0 13 0 0 12 2

Gambusia holbrooki eastern mosquitofish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5

Gobionellus boleosoma darter goby 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gobionellus shufeldti freshwater goby 0 0 1 9 1 4 0 0 2 6 9 3 0 5 0 0 8 0

Gobiosoma bosc naked goby 0 3 0 1 0 0 0 1 0 12 0 1 0 7 0 0 0 14

Heterandria formosa least killifish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hyporhamphus unifasciatus silverstripe halfbeak 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lagodon rhomboides pinfish 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Leiostomus xanthurus spot 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis auritus redbreast sunfish 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Lepomis gulosus warmouth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Lepomis macrochirus bluegill 0 36 0 3 2 33 0 8 4 53 0 8 0 0 0 2 0 36

Lepomis microlophus redear sunfish 0 6 0 0 0 2 0 0 0 3 0 3 0 0 0 0 1 3

Lepomis punctatus spotted sunfish 0 15 0 0 0 9 0 2 0 2 0 2 0 0 0 0 1 13

Lepomis species unidentified sunfish 1 0 0 0 1 2 0 3 0 0 0 0 0 0 0 0 0 2

Lucania goodei bluefin killifish 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0

Lucania parva rainwater killifish 0 33 0 30 0 1 0 24 0 6 0 16 0 20 0 0 0 0

Menidia beryllina inland silverside 3 0 0 0 32 1 0 0 44 14 3 0 0 0 0 0 21 28

Microgobious gulosus clown goby 0 1 1 1 0 0 0 0 0 2 0 0 0 1 0 0 1 1

Microgobious thalassinus green goby 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Micropogonias undulatus Atlantic croaker 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Micropterus salmoides largemouth bass 0 2 0 0 0 1 0 3 0 3 0 4 0 2 0 1 0 1

Mugil cephalus striped mullet 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0

Notemigonus chrysoleucas golden shiner 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Paralichthys lethostigma southern flounder 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2

Pomoxis nigromaculatus black crappie 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Sciaenops oscellatus red drum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Strongylura marina Atlantic needlefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Syngnathus floridae dusky pipefish 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0

Syngnathus fuscus northern pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Syngnathus scovelli gulf pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Tilapia aurea blue tilapia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Trinectes maculatus hogchoker 1 0 0 0 3 0 0 1 1 1 4 0 0 0 0 0 4 4

Anisoptera dragonfly larvae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bivalvia clams 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Callinectes sapidus blue crab 0 3 0 13 1 8 0 11 0 13 2 11 0 13 0 8 2 5

Coleoptera adult beetle 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Coleoptera larva beetle 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Crayfish crayfish 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gastropoda snails 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hemiptera true bugs 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 4

Hirudinea leech 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Palaemonetes species grass shrimp 0 13 1 167 0 22 0 53 0 7 0 94 0 89 0 7 1 27

Penaeus species grooved shrimp 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Xanthidae mud crabs 0 0 1 33 0 0 0 27 0 1 6 196 0 11 0 0 0 1

Zygoptera damselfly larvae 0 26 7 42 3 47 1 124 1 42 1 247 2 127 0 56 0 22

Total 5 197 11 303 43 132 1 267 56 167 27 599 2 290 0 74 52 171  
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Table 2.3.  Total numbers of fishes collected with throw traps and seines from the estuarine 

portion of the St. Johns River in November 1996. 

 

Ankle Scratch Bolles Bayard Point Buckman Federal Point Julington Creek Moccasin Slough Orangedale Palatka

Scientific Name Common Name sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass

Ameiurus natalis yellow bullhead 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ameiurus nebulosus brown bullhead 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0

Anchoa mitchili bay anchovy 178 388 114 1 388 494 116 0 89 62 14 2 0 0 0 0 0 8

Anguilla rostrata American eel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Archosargus probatacephalus sheepshead 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bairdiella chrysoura silver perch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Brevoortia tyrannus Atlantic menhaden 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dormitator maculatus fat sleeper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dorosoma cepedianum gizzard shad 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0

Elops saurus ladyfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Enneacanthus gloriosus bluespotted sunfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24 0 0

Eucinostomus spp. mojarra 1 0 0 0 2 0 2 0 2 0 0 0 0 0 0 0 0 0

Fundulus confluentus marsh killifish 0 0 0 0 0 0 1 0 0 0 0 5 0 0 0 2 0 0

Fundulus seminolis seminole killifish 0 3 0 0 0 11 0 4 2 1 0 3 0 2 1 2 0 0

Gambusia holbrooki eastern mosquitofish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gobionellus boleosoma darter goby 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gobionellus shufeldti freshwater goby 0 3 2 12 1 3 2 2 0 0 4 46 0 11 0 0 0 1

Gobiosoma bosc naked goby 5 27 0 11 16 283 1 20 62 363 86 8 5 6 2 37 0 131

Heterandria formosa least killifish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hyporhamphus unifasciatus silverstripe halfbeak 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lagodon rhomboides pinfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Leiostomus xanthurus spot 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis auritus redbreast sunfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis gulosus warmouth 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

Lepomis macrochirus bluegill 0 16 0 3 1 0 0 3 2 58 32 43 0 6 0 43 1 7

Lepomis microlophus redear sunfish 1 6 0 1 0 0 0 4 0 1 0 54 0 24 0 32 0 0

Lepomis punctatus spotted sunfish 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 3 0 0

Lepomis species unidentified sunfish 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

Lucania goodei bluefin killifish 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 11 0 0

Lucania parva rainwater killifish 0 3 0 14 0 53 0 4 0 48 1 34 0 35 3 97 0 0

Menidia beryllina inland silverside 5 35 0 2 247 62 10 0 1136 65 0 0 33 0 42 3 63 0

Microgobious gulosus clown goby 54 0 4 2 11 8 2 5 90 3 32 2 28 2 8 0 9 13

Microgobious thalassinus green goby 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Micropogonias undulatus Atlantic croaker 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Micropterus salmoides largemouth bass 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

Mugil cephalus striped mullet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Notemigonus chrysoleucas golden shiner 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Paralichthys lethostigma southern flounder 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pomoxis nigromaculatus black crappie 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sciaenops oscellatus red drum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Strongylura marina Atlantic needlefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Syngnathus floridae dusky pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Syngnathus fuscus northern pipefish 0 0 3 8 0 0 1 1 0 0 2 4 0 6 0 1 0 0

Syngnathus scovelli gulf pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Tilapia aurea blue tilapia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Trinectes maculatus hogchoker 0 0 0 0 0 0 1 0 1 1 4 1 0 0 0 0 2 4

Anisoptera dragonfly larvae 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0

Bivalvia clams 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Callinectes sapidus blue crab 8 3 1 6 0 10 0 3 1 5 1 5 5 6 0 7 3 1

Coleoptera adult beetle 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Coleoptera larva beetle 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Crayfish crayfish 0 0 0 0 0 1 0 0 0 7 0 2 0 0 0 0 0 0

Gastropoda snails 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Hemiptera true bugs 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Hirudinea leech 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Palaemonetes species grass shrimp 2 38 12 403 0 83 1 338 1 46 25 237 27 480 0 106 60 7

Penaeus species grooved shrimp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Xanthidae mud crabs 0 0 1 43 0 3 0 36 0 0 172 391 1 9 0 1 0 0

Zygoptera damselfly larvae 7 220 2 3 5 77 8 74 2 28 52 42 2 151 7 57 0 3

Total 261 744 140 511 672 1089 145 498 1388 700 427 885 102 739 63 426 138 175  
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Table 2.4.  Total numbers of fishes collected with throw traps and seines from the estuarine 

portion of the St. Johns River in February 1997. 

 

Ankle Scratch Bolles Bayard Point Buckman Federal Point Julington Creek Moccasin Slough Orangedale Palatka

Scientific Name Common Name sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass

Ameiurus natalis yellow bullhead 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ameiurus nebulosus brown bullhead 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Anchoa mitchili bay anchovy 0 0 0 0 0 6 0 0 0 2 0 0 0 0 0 28 0 0

Anguilla rostrata American eel 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Archosargus probatacephalus sheepshead 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bairdiella chrysoura silver perch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Brevoortia tyrannus Atlantic menhaden 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dormitator maculatus fat sleeper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dorosoma cepedianum gizzard shad 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Elops saurus ladyfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Enneacanthus gloriosus bluespotted sunfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Eucinostomus spp. mojarra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fundulus confluentus marsh killifish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fundulus seminolis seminole killifish 0 3 0 0 0 0 0 1 3 7 0 0 0 0 1 0 0 0

Gambusia holbrooki eastern mosquitofish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gobionellus boleosoma darter goby 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gobionellus shufeldti freshwater goby 0 0 0 3 0 2 0 4 0 0 0 1 0 2 0 0 0 0

Gobiosoma bosc naked goby 2 36 0 23 0 25 0 16 6 120 29 50 5 31 0 26 1 76

Heterandria formosa least killifish 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Hyporhamphus unifasciatus silverstripe halfbeak 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lagodon rhomboides pinfish 0 0 0 23 0 0 0 0 0 0 0 2 0 10 0 2 0 0

Leiostomus xanthurus spot 1 0 117 104 8 5 254 0 0 0 5 0 3 4 14 0 0 0

Lepomis auritus redbreast sunfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis gulosus warmouth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis macrochirus bluegill 0 2 0 0 1 5 0 1 0 19 0 4 0 0 0 3 0 0

Lepomis microlophus redear sunfish 0 8 0 0 0 3 0 5 0 0 0 0 0 0 0 2 0 0

Lepomis punctatus spotted sunfish 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Lepomis species unidentified sunfish 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0

Lucania goodei bluefin killifish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lucania parva rainwater killifish 0 8 0 0 0 0 1 3 1 14 0 7 1 54 0 0 0 0

Menidia beryllina inland silverside 23 5 0 0 0 0 4 0 374 82 0 1 0 0 155 3 22 0

Microgobious gulosus clown goby 6 1 3 0 3 0 1 0 10 0 15 1 0 0 3 0 5 12

Microgobious thalassinus green goby 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Micropogonias undulatus Atlantic croaker 0 0 0 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0

Micropterus salmoides largemouth bass 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0

Mugil cephalus striped mullet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Notemigonus chrysoleucas golden shiner 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Paralichthys lethostigma southern flounder 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Pomoxis nigromaculatus black crappie 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sciaenops oscellatus red drum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Strongylura marina Atlantic needlefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Syngnathus floridae dusky pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Syngnathus fuscus northern pipefish 0 0 1 10 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Syngnathus scovelli gulf pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Tilapia aurea blue tilapia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Trinectes maculatus hogchoker 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 6

Anisoptera dragonfly larvae 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0

Bivalvia clams 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Callinectes sapidus blue crab 1 5 3 3 3 6 1 4 0 18 3 8 0 5 0 3 5 6

Coleoptera adult beetle 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Coleoptera larva beetle 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Crayfish crayfish 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Gastropoda snails 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hemiptera true bugs 0 0 0 0 0 1 0 0 0 3 3 2 1 0 0 0 0 0

Hirudinea leech 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Palaemonetes species grass shrimp 0 64 2 433 5 53 4 261 6 42 0 531 14 1162 1 4 0 9

Penaeus species grooved shrimp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Xanthidae mud crabs 0 0 7 18 0 1 6 47 0 0 71 51 1 13 0 0 0 0

Zygoptera damselfly larvae 14 378 5 6 8 140 46 136 15 334 13 223 2 164 0 96 0 13

Total 47 511 138 623 31 247 317 480 416 646 142 891 27 1450 174 167 33 122  
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Table 2.5.  Total numbers of fishes collected with throw traps and seines from the estuarine 

portion of the St. Johns River in May 1997. 

 

Ankle Scratch Bolles Bayard Point Buckman Federal Point Julington Creek Moccasin Slough Orangedale Palatka

Scientific Name Common Name sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass

Ameiurus natalis yellow bullhead 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ameiurus nebulosus brown bullhead 0 57 0 0 0 970 0 0 0 1 0 1 0 0 0 0 0 0

Anchoa mitchili bay anchovy 127 0 0 0 31 0 8 0 21 0 0 0 54 0 0 0 0 0

Anguilla rostrata American eel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Archosargus probatacephalus sheepshead 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bairdiella chrysoura silver perch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Brevoortia tyrannus Atlantic menhaden 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dormitator maculatus fat sleeper 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Dorosoma cepedianum gizzard shad 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Elops saurus ladyfish 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0

Enneacanthus gloriosus bluespotted sunfish 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0

Eucinostomus spp. mojarra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fundulus confluentus marsh killifish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fundulus seminolis seminole killifish 0 8 0 0 0 1 0 2 0 0 0 0 0 0 0 0 2 0

Gambusia holbrooki eastern mosquitofish 0 1 0 0 0 1 36 0 0 0 0 0 0 0 0 0 0 0

Gobionellus boleosoma darter goby 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gobionellus shufeldti freshwater goby 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gobiosoma bosc naked goby 4 22 0 2 0 42 0 14 2 63 13 21 0 28 0 23 0 62

Heterandria formosa least killifish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hyporhamphus unifasciatus silverstripe halfbeak 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lagodon rhomboides pinfish 0 0 0 22 0 1 0 2 0 0 0 1 0 0 0 1 0 0

Leiostomus xanthurus spot 119 0 7 7 200 0 0 0 10 0 0 0 0 1 0 0 0 0

Lepomis auritus redbreast sunfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis gulosus warmouth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis macrochirus bluegill 1 167 0 0 0 0 0 0 0 0 0 13 0 0 4 0 0 13

Lepomis microlophus redear sunfish 0 3 0 0 0 0 0 1 1 4 1 1 0 0 0 0 0 0

Lepomis punctatus spotted sunfish 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0

Lepomis species unidentified sunfish 0 11 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0

Lucania goodei bluefin killifish 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

Lucania parva rainwater killifish 0 94 1 36 0 32 13 380 0 103 2 32 7 216 0 0 0 26

Menidia beryllina inland silverside 7 3 0 0 3 6 2 0 3 1 0 0 0 0 1 8 7 66

Microgobious gulosus clown goby 0 0 1 1 0 6 0 1 1 1 10 0 0 0 0 0 5 11

Microgobious thalassinus green goby 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Micropogonias undulatus Atlantic croaker 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Micropterus salmoides largemouth bass 0 3 0 0 0 11 0 6 1 26 2 11 0 4 2 6 0 9

Mugil cephalus striped mullet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Notemigonus chrysoleucas golden shiner 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Paralichthys lethostigma southern flounder 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pomoxis nigromaculatus black crappie 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sciaenops oscellatus red drum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Strongylura marina Atlantic needlefish 0 0 0 0 0 4 0 0 0 0 0 0 0 5 0 1 0 0

Syngnathus floridae dusky pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Syngnathus fuscus northern pipefish 0 0 26 27 1 2 0 14 0 0 0 0 0 12 5 0 0 0

Syngnathus scovelli gulf pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Tilapia aurea blue tilapia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Trinectes maculatus hogchoker 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 5 1

Anisoptera dragonfly larvae 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0

Bivalvia clams 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Callinectes sapidus blue crab 1 9 0 4 0 17 0 13 3 28 1 7 1 9 0 11 1 4

Coleoptera adult beetle 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Coleoptera larva beetle 0 0 0 0 0 4 0 0 0 0 0 2 0 0 0 0 0 1

Crayfish crayfish 0 2 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0

Gastropoda snails 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hemiptera true bugs 0 0 0 0 0 2 0 1 0 0 0 2 0 0 0 0 0 0

Hirudinea leech 1 0 0 0 0 4 0 0 0 0 0 0 0 2 0 1 0 0

Palaemonetes species grass shrimp 8 101 10 50 0 259 2 744 9 361 6 32 0 662 10 23 0 0

Penaeus species grooved shrimp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Xanthidae mud crabs 0 0 0 4 0 2 2 21 0 0 94 706 0 131 0 12 0 1

Zygoptera damselfly larvae 22 256 5 5 6 215 6 127 9 181 18 137 4 155 2 37 0 22

Total 291 737 50 159 243 1579 69 1326 63 773 149 975 66 1227 24 123 20 216  



 26 

Table 2.6.  Total numbers of fishes collected with throw traps and seines from the estuarine 

portion of the St. Johns River in August 1997. 

 

Ankle Scratch Bolles Bayard Point Buckman Federal Point Julington Creek Moccasin Slough Orangedale Palatka

Scientific Name Common Name sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass sand grass

Ameiurus natalis yellow bullhead 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0

Ameiurus nebulosus brown bullhead 0 10 0 0 0 5 0 0 0 3 0 0 0 0 0 0 0 0

Anchoa mitchili bay anchovy 0 0 102 58 283 20 86 5 0 0 106 0 0 0 0 8 2 1

Anguilla rostrata American eel 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Archosargus probatacephalus sheepshead 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bairdiella chrysoura silver perch 0 0 0 21 0 0 0 7 0 0 0 0 0 0 0 1 0 0

Brevoortia tyrannus Atlantic menhaden 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dormitator maculatus fat sleeper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dorosoma cepedianum gizzard shad 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Elops saurus ladyfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Enneacanthus gloriosus bluespotted sunfish 0 10 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

Eucinostomus spp. mojarra 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fundulus confluentus marsh killifish 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Fundulus seminolis seminole killifish 1 9 0 0 1 20 0 5 10 6 0 2 0 8 5 10 2 10

Gambusia holbrooki eastern mosquitofish 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0

Gobionellus boleosoma darter goby 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gobionellus shufeldti freshwater goby 36 3 0 11 0 4 39 4 4 14 51 4 0 2 0 0 0 2

Gobiosoma bosc naked goby 2 69 0 5 0 10 20 10 23 213 29 0 0 24 2 11 8 247

Heterandria formosa least killifish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hyporhamphus unifasciatus silverstripe halfbeak 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0

Lagodon rhomboides pinfish 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Leiostomus xanthurus spot 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Lepomis auritus redbreast sunfish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis gulosus warmouth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis macrochirus bluegill 0 61 0 0 0 7 0 19 18 100 6 30 2 14 0 39 4 78

Lepomis microlophus redear sunfish 0 96 0 0 0 0 0 8 0 42 1 7 0 193 0 2 0 4

Lepomis punctatus spotted sunfish 0 2 0 0 0 4 0 0 0 4 0 0 0 3 0 4 0 0

Lepomis species unidentified sunfish 6 31 0 0 0 12 1 23 3 6 0 9 1 24 0 8 0 0

Lucania goodei bluefin killifish 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Lucania parva rainwater killifish 0 74 0 1 0 4 0 46 0 61 0 1 0 72 3 3 0 13

Menidia beryllina inland silverside 1 0 2 2 0 2 9 11 69 59 0 0 195 0 14 0 384 6

Microgobious gulosus clown goby 0 0 59 9 2 0 2 0 64 2 18 0 9 0 2 0 7 59

Microgobious thalassinus green goby 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Micropogonias undulatus Atlantic croaker 163 0 0 0 18 0 0 0 83 0 0 0 0 0 0 0 0 0

Micropterus salmoides largemouth bass 0 3 0 0 0 4 0 0 0 4 1 4 3 1 0 3 1 13

Mugil cephalus striped mullet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Notemigonus chrysoleucas golden shiner 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 3

Paralichthys lethostigma southern flounder 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pomoxis nigromaculatus black crappie 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1

Sciaenops oscellatus red drum 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Strongylura marina Atlantic needlefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

Syngnathus floridae dusky pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Syngnathus fuscus northern pipefish 1 0 1 5 0 1 3 6 1 3 0 0 2 4 0 0 0 0

Syngnathus scovelli gulf pipefish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Tilapia aurea blue tilapia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Trinectes maculatus hogchoker 0 0 0 0 0 0 0 0 0 0 5 1 0 0 0 0 0 1

Anisoptera dragonfly larvae 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0

Bivalvia clams 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Callinectes sapidus blue crab 0 13 1 9 1 11 1 7 0 37 8 24 0 8 2 10 0 11

Coleoptera adult beetle 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Coleoptera larva beetle 0 0 2 1 0 0 1 1 0 1 1 1 0 0 0 0 0 0

Crayfish crayfish 0 4 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0

Gastropoda snails 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Hemiptera true bugs 0 1 0 0 0 1 0 2 0 0 0 2 0 1 0 0 0 0

Hirudinea leech 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Palaemonetes species grass shrimp 127 42 98 148 23 37 46 187 106 301 8 29 6 228 1 24 1 56

Penaeus species grooved shrimp 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Xanthidae mud crabs 0 0 11 56 0 2 33 548 0 1 252 150 0 199 0 2 0 5

Zygoptera damselfly larvae 708 228 1 2 2 133 7 461 22 278 58 120 12 172 1 40 2 66

Total 1045 657 282 339 330 279 248 1353 404 1141 545 388 230 956 30 169 412 577  
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Table 2.7.  ANOVA tables for log10-transformed total fish density, species richness, and density 

of dominant species collected with throw traps from the St. Johns River estuary.  Relative 

abundance (%) is given in parentheses and followed by the result of a habitat test.  S = site, H = 

habitat, M = month, and HM = habitat x month interaction.  R2 is the amount of variation 

explained by a given effect. 
 

Response variable 

 

Effect 

 

          F 

 

           P 

 

R2 

 
S (8 df) 

 
3.858 

 
0.0006 

 
15 

H (1 df) 42.230 0.0001 21 
M (5 df) 7.057 0.0001 18 

 
Total fishes 
Grass > Sand 

HM (5 df) 0.552 0.7362 0 
     
S (8 df) 4.338 0.0002 12 
H (1 df) 119.373 0.0001 43 
M (5 df) 4.340 0.0014 8 

Species richness 
Grass > Sand 

HM (5 df) 3.208 0.0105 6 
     
S (8 df) 0.950 0.4804 0 
H (1 df) 1.105 0.2961 0 
M (5 df) 0.922 0.4706 0 

Atlantic croaker (1%) 
Grass = Sand 

HM (5 df) 0.974 0.4383 0 
     

S (8 df) 1.684 0.1134 0 
H (1 df) 0.442 0.5078 0 
M (5 df) 3.052 0.0138 12 

Bay anchovy (8%) 
Grass = Sand 

HM (5 df) 1.331 0.2586 0 
     
S (8 df) 1.682 0.1140 0 
H (1 df) 5.889 0.0173 5 
M (5 df) 1.449 0.2147 0 

Brown bullhead (17%) 
Grass > Sand 

HM (5 df) 1.449 0.2147 0 
     
S (8 df) 2.310 0.0269 13 
H (1 df) 5.928 0.0169 4 
M (5 df) 4.477 0.0011 16 

Clown goby (4%) 
Grass < Sand 

HM (5 df) 1.790 0.1232 0 
     
S (8 df) 2.088 0.0452 11 
H (1 df) 1.708 0.1946 0 
M (5 df) 7.644 0.0001 25 

Freshwater goby (4%) 
Grass = Sand 

HM (5 df) 1.630 0.1604 0 
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Table 2.7.  Continued.  ANOVA tables for log10-transformed total fish density, species richness, 

and density of dominant species collected with throw traps from the St. Johns River estuary.  

Relative abundance (%) is given in parentheses and followed by the result of a habitat test.  S = 

site, H = habitat, M = month, and HM = habitat x month interaction.  R2 is the amount of 

variation explained by a given effect. 

 

Response variable 

 

Effect 

 

          F 

 

           P 

 

R2 

 
S (8 df) 

 
2.717 

 
0.0101 

 
16 

H (1 df) 6.893 0.0102 5 
M (5 df) 2.903 0.0179 11 

 
Inland silverside (10%) 
Grass < Sand 

HM (5 df) 0.942 0.4579 0 
     
S (8 df) 1.283 0.2628 0 
H (1 df) 18.323 0.0001 11 
M (5 df) 5.020 0.0004 15 

Largemouth bass (1%) 
Grass > Sand 

HM (5 df) 5.020 0.0004 15 
     
S (8 df) 3.329 0.0023 10 
H (1 df) 80.800 0.0001 30 
M (5 df) 10.257 0.0001 19 

Naked goby (31%) 
Grass > Sand 

HM (5 df) 4.500 0.0011 8 
     
S (8 df) 5.171 0.0001 19 
H (1 df) 68.124 0.0001 31 
M (5 df) 2.656 0.0277 6 

Rainwater killifish (13%) 
Grass > Sand 

HM (5 df) 1.502 0.1974 0 
     
S (8 df) 1.766 0.0946 0 
H (1 df) 13.105 0.0005 10 
M (5 df) 3.267 0.0094 12 

Seminole killifish (2%) 
Grass > Sand 

HM (5 df) 0.901 0.4842 0 
     
S (8 df) 0.696 0.6942 0 
H (1 df) 5.365 0.0229 4 
M (5 df) 2.960 0.0162 12 

Spot (2%) 
Grass < Sand 

HM (5 df) 2.440 0.0404 10 
     
S (8 df) 3.405 0.0019 14 
H (1 df) 53.901 0.0001 27 
M (5 df) 2.834 0.0203 7 

Sunfishes (4%) 
Grass > Sand 

HM (5 df) 2.559 0.0329 7 
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Figure 2.1.  Location of study sites within oligohaline (gray) and tidal freshwater (white) 

portions of the St. Johns River estuary, Florida.  Submergent vegetation is absent from the 

mesohaline (black) portion of the estuary. 
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Figure 2.2.  Mean (+1 SE) fish density, species richness, and standard length (mm) in relation to 

habitat type and sampling method. 
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Figure 2.3   Mean (+1 SE) density and species richness of fishes collected with a throw trap 

during daytime and nighttime sampling in the St. Johns River estuary. 

 
 
 

0

5

10

15

20

25

30

35

40

45

night

day

 
 
 
 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

grass sand  



 32 

Figure 2.4.  Seasonal variation in the mean (+1 SE) total density and species richness of fishes 

collected with a throw in the St. Johns River estuary. 
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Figure 2.5.  Seasonal variation in the mean (+1 SE) density of largemouth bass, naked goby, 

Atlantic croaker, and sunfishes.  ANOVA results (Table 2.7) indicate that habitat use by these 

fishes varied during the study period. 
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Figure 2.6 Mean (+1 SE) density and species richness of fishes collected with a throw trap from 

nine sampling sites in the St. Johns River estuary.   See Figure 2.1 for names and locations of 

sampling sites. 
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Figure 2.7.  Relative distribution (%) of numerically dominant species in oligohaline and tidal 

freshwater portions of the St. Johns River estuary.  For example, the majority of freshater gobies 

were collected from oligohaline sites, whereas the majority of brown bullheads were collected 

from tidal freshwater sites. 

 
 
 
 
 
 
 
 
 
 
 
 

0 20 40 60 100

brown bullhead

Atlantic croaker

inland silverside

naked goby

Seminole killifish

bay anchovy

sunfishes

clown goby

largemouth bass

spot

rainwater killifish

freshwater goby

oligohaline freshwater

80

Relative abundance (%)  
 
 



 36 

Figure 2.8.  Top:  results of cluster analysis  (Ward's method) used to group estuarine sites based 

on similarity of fish community.  Relative abundance (%) of numerically abundant fishes in 

Table 2.7 was used to group sites.  Bottom:  Position of several dominant fishes and nine 

estuarine sites in community space (i.e., multivariate least square means).  A MANOVA was 

used to generate canonical axes.  
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Introduction 
 

 The plentiful nutrients and associated primary productivity of the lower St. Johns River 

subsidize a food web dominated by small forage fishes and juveniles of marine species that use 

this estuary as a nursery (DeMort 1991).  Although many of these fishes are most abundant in 

beds of submerged aquatic vegetation along the shoreline, a number of species prefer non-

vegetated habitats. For example, bay anchovy (Anchoa mitchilli), Atlantic croaker 

(Micropogonias undulatus), and spot (Leiostomus xanthurus) are often more abundant in non-

vegetated habitats such as shallow mudflats and deeper channels (Jordan et al. 1996).  In the 

previous chapter, I found that these and other ubiquitous estuarine species were not well 

represented in throw trap and seine samples collected from vegetated and non-vegetated habitats 

along the shoreline of the lower St. Johns River.  Similarly, Continental Shelf Associates (1993) 

found that bay anchovy, Atlantic croaker, and spot belonged to a community of “demersal 

euryhaline marine and estuarine species” inhabiting open water in the oligohaline portion of the 

St. Johns River. 

 On a larger spatial scale, physical conditions play an important role in determining the 

distribution of marine, estuarine, and freshwater fishes within an estuary (Peterson and Ross 

1991).  For example, salinity appears to affect fishes directly by regulating their growth 

(Peterson et al. 1999) and movement (Moser and Gerry 1989), and indirectly by mediating the 

outcome of interactions among competing species (Dunson and Travis 1994).  The lower St. 

Johns River can be divided into polyhaline, mesohaline, oligohaline, and tidal freshwater zones.  

However, surprisingly little effort has been expended to document spatial variation in the 

abundance and composition of fish communities along this estuarine gradient.  Working in the 

oligohaline portion of the St. Johns River, Continental Shelf Associates (1993) found that 

demersal habitat was dominated by juvenile marine fishes, whereas littoral habitat was 

dominated by freshwater and estuarine species resident to the estuary.  The composition of these 

communities may vary along the estuarine gradient and be responsive to water management 

practices that affect environmental conditions. 

 In this chapter, I summarize data from a trawl survey that was designed to characterize 

the composition of demersal fish communities throughout the lower St. Johns River. I use these 

data to address the following questions: Is the fish community in the demersal zone qualitatively 



  3 

different from the fish community found in nearshore habitats? Do fish diversity and community 

composition vary along an estuarine gradient?  Does use of the demersal zone vary during the 

ontogeny of common estuarine fishes? Does abundance of fishes vary along an estuarine 

gradient?  And finally, does use of the demersal zone (and associated sampling efficacy) vary 

between day and night sampling periods? 
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Materials and Methods 

 

Study area and Sampling Sites 

 A thorough description of the estuarine portion of the lower St. Johns River was provided 

in the previous chapter.  In summary, the St. Johns River estuary can be divided into mesohaline, 

oligohaline, and tidal freshwater portions (Figure 2.1). Eighteen widely separated channel sites 

(Figure 2.1) were selected for sampling based upon location within the estuary.  The Dames 

Point, Drummond Point, and Arlington River sites were located within the mesohaline portion of 

the estuary.  The Riverside, Bolles, Buckman, Julington Creek, and Mocassin Slough sites were 

located within the oligohaline portion of the estuary.  Finally, the Orangedale, Bayard Point, 

Scratch Ankle, Federal Point, Rice Creek, Palatka, Barge Canal, Oklawaha River, Croaker Hole, 

and Salt Spring sites were located within the tidal freshwater portion of the estuary.  For 

analytical purposes, data from these sites were pooled to assess differences among estuarine 

zones (i.e., mesohaline, oligohaline, and tidal freshwater). 

 

Collection of Fishes and Data Analysis 

 Working with SJRWMD staff on the RV Brody, fishes were collected with a 3-m otter 

trawl with 6-mm stretch mesh in the body and 3-mm mesh in the cod end during February, May, 

and August 1997.  Seven replicate 2-min tows were made at each site to collect at least 90% of 

the trawl susceptible species present (Livingston 1976).  Trawls were performed at 

approximately 2 knots in non-overlapping lanes.  During May 1997, seven trawl samples were 

obtained during both the day and night to assess diel variation in fish abundance and sampling 

efficacy.  Fishes were preserved in 10% buffered formaldehyde solution in the field and then 

rinsed, identified, and enumerated in the laboratory.  The standard length of Atlantic croaker was 

measured to the nearest mm in order to assess seasonal variation in recruitment of this common 

estuarine species. 

 The number of fishes in each trawl and the total number of species in each set of seven 

trawls were log10-transformed to better approximate normality. These estimates of fish 

abundance and species richness were then used as response variables in analyses of variance 

testing for the effects of estuarine zone, sampling period, and the interaction between estuarine 

zone and sampling period.  Analysis of variance (ANOVA) was also used to compare the 
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standard length of Atlantic croaker among estuarine zones and sampling periods.  To adjust for 

multiple unplanned comparisons, significant F-tests were followed up by Bonferroni/Dunn post 

hoc tests.    Multivariate analysis of variance (MANOVA) was used to test for differences in the 

relative abundance of six numerically dominant species among tapegrass, sand, and demersal 

channel habitats.  Relative abundance of numerically dominant taxa was angularly transformed 

to normalize data.  Additionally, a nonparametric correlation coefficient, Kendall’s tau, was used 

to determine the concordance of species ranks (i.e., community similarity) between habitats.  

Finally, a t-test was used to test for differences in the number and standard length of fishes 

collected during day and night trawls at Moccasin Slough in May 1997. 

 Trawling, seining, and other methods that involve towing nets over large, poorly defined 

sampling areas have low, variable sampling efficiency (Rozas and Minello 1997).  Density data 

obtained with these methods should be considered qualitative, and inferences drawn from these 

data should be limited to comparisons within habitats and species (Peterson and Black 1994).   

Inferences based on the relative abundance of species are more robust to changes in habitats and 

sampling methods, but should nonetheless be considered tentative until sampling efficiency has 

been thoroughly calibrated (Rozas and Odum 1997). 

 

 

 

Results 

 

Variation in Abundance of Fishes 

 There was considerable variation in the abundance of fishes among estuarine zones 

(Figure 2.2; F2,348=17.1, p=0.0001).  The mesohaline zone supported significantly fewer fishes 

than did the oligohaline and tidal freshwater zones, which did not differ from one another.   The 

abundance of fishes declined during the study period (Figure 2.2; F2,348=9.6, p=0.0001).  

However, the decline in abundance was much greater in the oligohaline and tidal freshwater 

zones, which resulted in a significant interaction between estuarine zone and sampling period 

(Figure 2.2; F4,348=4.1, p=0.0031).  Examination of fish abundance among sampling sites 

indicates that there was considerable variation among locations within estuarine zones (Figure 

2.3).  
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Variation in Diversity of Fishes 

 I collected 4,927 individuals and 45 species of fish from the St. Johns River estuary 

(Table 2.1).  Atlantic croaker was the numerically dominant species and comprised 63% of the 

total catch.  Bay anchovy (7%), menhaden (6%), hogchoker (3%), bluegill (3%), redear sunfish 

(3%), redbreast sunfish (2%), and spot (2%) were subdominant species that accounted for 

another 26% of the total catch.  On average, tidal freshwater and oligohaline sites supported 

more species than mesohaline sites (Figure 2.4; F2,42=4.3, p=0.0195).  There was a subtle 

decrease in species richness between the February 1997 and August 1997 sampling events 

(Figure 2.4; F2,42=2.4, p=0.1006).  Finally, differences among estuarine zones were consistent 

across sampling events (Figure 4; F4,42=0.4, p=0.8079).   

Fish community composition varied among estuarine zones (Figure 2.5), with bay 

anchovy dominating the mesohaline zone, Atlantic croaker dominating the oligohaline and tidal 

freshwater zones, and sunfishes (Lepomis spp.) being subdominant in the tidal freshwater zone.  

Comparison of collection summaries from trawl (Table 2.1) and throw trap studies (Table 1.1) 

reveal considerable qualitative differences in fish community composition between demersal and 

nearshore habitats.  Although potentially confounded with gear type, it appears that the relative 

abundance of numerically dominant fishes is significantly different among habitat types (Figure 

2.6; MANOVA, Wilks’s Lambda =0.140, F=20.107, p=0.0001).  Species ranks are quite similar 

between grass and sand (Kendall’s tau=0.774, p=0.0001), but not between grass and channel 

(Kendall’s tau=0.109, p=0.2718) or sand and channel (Kendall’s tau=0.119, p=0.2313). 

 

Variation in Size of Fishes 

 Many species of estuarine fishes use deeper, non-vegetated habitats as nursery areas and 

move among estuarine zones as they mature.  I examined how the average size of the 

numerically dominant Atlantic croaker varied among estuarine zones and among sampling 

periods (Figure 2.7).  Atlantic croaker tended to be larger in oligohaline and tidal freshwater 

portions of the river (F2,3191=63.4, p=0.0001) and tended to increase in size between February 

and August 1997 (F2,3191=20.1, p=0.0001).  However, there was a significant interaction between 

estuarine zone and sampling period (F4,3191=39.2, p=0.0001), which reflected the presence of 

mostly large individuals in some tidal freshwater sites (e.g., Croaker Hole) and an influx of 
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smaller individuals in some of the downstream sites (i.e., Buckman, Drummond Point, and 

Riverside) during August 1997.  Examination of seasonal variation in size distribution of 

Atlantic croaker (Figure 2.8) indicates that recent recruits were present during the entire study 

period, at least two cohorts arrived in 1997, but the peak influx was over before August. 

 

Diel variation in Abundance of Fishes 

 Trawling was performed in the day and evening at Moccasin Slough to determine 

whether daytime sampling was adequate to describe fish abundance.  Twice as many species 

were collected during the day than at night and southern flounder (Paralichthys lethostigma) was 

the only species collected during the night but not in the day (Table 2.2).  Significantly more 

fishes were caught in the daytime than in the evening (Figure 2.9; t12=2.8, p=0.0159).  Also, 

Atlantic croakers caught in the daytime were significantly longer (Figure 2.9; t323=3.3, p=0.0010) 

than those caught in the evening.   

 

 

 

Discussion 

 

Although sampling effort was spatially extensive and included 18 locations, any 

conclusions I draw about the demersal fish community are necessarily tentative because of the 

temporal brevity of this research.  Previous research (McLane 1955, Tagatz 1968, Continental 

Shelf Associates 1988, 1993, DeMort 1991, Weaver 1998, and unpublished reports by the 

FFWCC) provides a number of additional “snapshots” that can be pieced together to produce a 

clearer picture of the demersal fish community of the lower St. Johns River.  However, this 

collection of temporally and/or spatially abbreviated studies does not provide the long-term 

database needed to reliably assess the success or failure of management actions.   

 
I strongly encourage the District to review earlier recommendations provided by 

Continental Shelf Associates (1993) and coordinate with FFWCC and other 

agencies to develop a long-term monitoring program for the lower St. Johns River 

ecosystem.   
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I also encourage the District to create a centralized, georeferenced database of 

environmental and biological data collected from the lower St. Johns River.  This 

database will prove invaluable in identifying information gaps, generating 

strategies for adaptive management, and evaluating the outcome of management 

actions.  Substantive effort should be invested in archiving raw data used to 

generate reports, theses, dissertations, and publications. 

 

Characterization of the Demersal Fish Community 

The primary goal of this research was to characterize the demersal fish community 

inhabiting the channel immediately adjacent to the nearshore habitats examined in the previous 

chapter.  This community was dominated by Atlantic croaker, spot, bay anchovy, gizzard shad, 

sunfish, and hogchoker.  These results are consistent with previous studies of the demersal fish 

community of the lower St. Johns River.  For example, DeMort (1991) and Continental Shelf 

Associates (1993) both found that fishes of marine origin and larger pelagic fishes were 

numerically important.  The “holy trinity” of these fishes includes Atlantic croaker, spot, and bay 

anchovy, because these species are numerically dominant in most southeastern estuaries.  Their 

ecological success reflects preference for abundant non-vegetated habitats, use of abundant food 

resources, and tolerance of a wide range of environmental conditions.  Indeed, Atlantic croaker, 

spot, and bay ancovy are commonly encountered in mesohaline, oligohaline, and tidal freshwater 

portions of the lower St. Johns River. 

Although complicated by differences in sampling methods, it appears that the demersal 

fish community was strikingly different from the fish communities in nearshore habitats such as 

beds of tapegrass and adjacent patches of sand.  For example, transient Atlantic croaker 

comprised 63% of the demersal fish community but less than 1% of the nearshore fish 

community.  In contrast, small resident fishes such as rainwater killifish (Lucania parva) and 

naked gobies (Gobiosoma bosci) dominated nearshore habitats but were virtually absent from the 

demersal fish community.  Overall, there was very little concordance between species ranks of 

the demersal and nearshore fish communities.  McLane (1955) and Continental Shelf Associates 

found essentially the same patterns.  However, these habitats may be functionally linked because 

patterns of habitat use often change with time of day, season, and ontogenetic stage (Irlandi and 
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Crawford 1997).  For example, juvenile largemouth bass (Micropterus salmoides) are dependent 

upon submerged aquatic vegetation for food and refuge, but reduce their reliance upon this 

structurally complex habitat as they outgrow the gape size of their predators (see Appendix). 

 

The primary management implication of variation in fish community composition 

among habitats within the lower St. Johns River is that a variety of habitats 

should be conserved in order to provide a broad range of ecological opportunities 

and enhance the diversity of fishes.  Additional research will likely reveal more 

complex linkages between adjacent habitats. 

 

 Composition of the demersal fish community varied along an estuarine gradient in the 

lower St. Johns River.  Most noticeably, the diversity and relative abundance of freshwater fishes 

was greater in the oligohaline and tidal freshwater portions of the estuary. Sunfishes, crappie, 

gizzard shad, and taillight shiners are some of the freshwater forms that become increasingly 

important.  Marine forms were still collected from oligohaline and tidal freshwater portions, 

resulting in significantly greater diversity in these areas.  Peterson and Ross (1991) found a 

similar pattern along a coastal river-estuarine gradient in Old Fort Bayou, Mississippi. 

 

Variation in Fish Abundance 

 The abundance of fishes varies considerably among locations within estuaries, largely 

reflecting underlying spatiotemporal gradients in the availability of prey resources and intensity 

of environmental disturbances (Day et al. 1989, Livingston 1997).  Urban runoff, discharge of 

municipal and industrial wastes, and other anthropogenic factors also contribute to large-scale 

variation in the abundance of fishes (Limburg and Schmidt 1990).  I found that fish abundance 

was quite variable among sampling locations and sampling periods.  Some of the spatial 

variation in fish abundance appeared to reflect localized hydrogeologic factors; specifically, 

large Atlantic croaker were abundant at spring-fed sites such as Croaker Hole.   

Most of the spatial variation in fish abundance appeared to be related to environmental 

factors and processes operating at larger spatial scales.  For example, I found that mesohaline 

portions of the estuary supported significantly fewer fishes than oligohaline and tidal freshwater 

areas.  Variation in food resources and environmental conditions (e.g., salinty, temperature, 
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dissolved oxygen) can cause recruitment, growth, and survival of estuarine fishes to vary over 

large spatial scales (Duffy et al. 1996, Fitzhugh et al. 1996, Grecay and Targett 1996, Jenkins et 

al. 1996). 

In contrast to my findings, Continental Shelf Associates (1988) found that fish abundance 

was equal or greater in mesohaline areas during their study of the lower St. Johns River.  

Similarly, Peterson and Ross (1991) found mesohaline portions of Old Fort Bayou supported 

large numbers of fishes.  The mesohaline portion of the lower St. Johns River is heavily 

urbanized, which can negatively affect recruitment and production of estuarine fishes (Limburg 

and Schmidt 1990). However, the limited temporal scope of my study precludes making 

definitive statements about changes in the status of fish populations in the mesohaline portion of 

the lower St. Johns River. 

 

Variation in Fish Size 

 Estuaries are used as nursery grounds for a number of species and therefore comparison 

of size frequency distributions across seasons provides information about the timing and success 

of recruitment.  This study and Continental Shelf Associates (1988, 1993) examined seasonal 

variation in the size of Atlantic croaker because this species is numerically dominant and 

supports a significant fishery.  Juvenile Atlantic croaker appear in the St. Johns River estuary 

during the late fall and winter, and then leave to spawn offshore in the following fall.  McLane 

(1955) speculated that some spawning also occurs within the estuary.  Given favorable 

environmental conditions, the spawning season may be protracted and result in several cohorts 

appearing within a single year.  For example, size frequency distributions indicate two distinct 

cohorts of Atlantic croaker recruited to the lower St. Johns River in1997.  I observed a steady 

decline in fish abundance, which reflects mortality and emigration of Atlantic croaker and other 

transient species out of the estuary. 

Historically, the lower St. Johns River supported a significant commercial fishery for 

Atlantic croaker, with deep, spring-fed sites such as the Croaker Hole being especially 

productive (McLane 1955).  The spike in abundance of large indivuals I observed in August 

indicates that the Croaker Hole is still a productive site.  Elevated concentrations of calcium and 

other ions, moderated temperature extremes, and abundant food resources probably all contribute 

to the production of Atlantic croaker at this site. 
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The primary management implication of seasonal variation in fish abundance 

within the lower St. Johns River is that monitoring programs should be repeated 

throughout the year to measure recruitment success and ontogenetic shifts in 

habitat use.  Continental Shelf Associates (1993) recommended that sampling 

should be carried out monthly.  However, a bi-monthly or quarterly sampling 

regime will likely be sufficient to detect important seasonal changes in the 

abundance, size distribution, and condition of common species.  Reducing 

sampling frequency frees up resources that can be used to increase replication 

and the spatial extent of sampling effort. 

 

 

Diel Variation in Fish Abundance 

Results from this study and previous work (Continental Shelf Associates 1993) indicate 

that the abundance of demersal fishes is about twice as high during the day than the evening in 

the lower St. Johns River.  Several factors contribute to diel variation in the abundance of fishes. 

Perhaps most insidiously, diel variation in abundance may simply reflect the ability of fishes to 

detect and evade a trawl during the day (Gray and Bell 1986, Casey and Myers 1998).  

Obviously, this does not explain an increase in abundance of fishes during the day.  Relatively 

low visibility within the estuarine portion of the St. Johns River further suggests that diurnal 

detection and evasion of a trawl should not be significant enough to affect sampling efficiency.   

Within a habitat, fishes may have daily cycles of activity that alter their susceptibility to 

trawling (Casey and Myers 1998).  For example, nocturnal foragers lie quiescent in roots and 

detritus during the day and then cruise in or above the canopy of grass beds during the evening 

(Gray and Bell 1986).  The virtual absence of cover within demersal habitats suggests that 

changes in activity level cannot account for increased abundance of fishes during the day.   

The most plausible explanation for the observed increase in daytime abundance is that 

fishes move between adjacent habitats on a daily cycle in order to minimize exposure to 

predators (Sogard and Able 1994) and/or to maximize foraging returns (Robblee and Zieman 

1984, Miltner et al. 1995).  Therefore, it’s necessary to sample both during the day and night to 

detect movement of fishes between habitats (Gray and Bell 1986).  McLane (1955) found that 

demersal fishes such as Atlantic croaker moved closer to shore and fed around beds of SAV.  
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However, I found little evidence of diel variation in the abundance or diversity of fishes within 

nearshore habitats and no Atlantic croaker, spot, or other demersal fishes showed up in throw 

samples (see previous chapter).  Instead, it seems likely that fishes move from deeper nocturnal 

rest areas to feed during the day.  Such vertical feeding migrations are common in estuarine and 

marine fishes and account for much of the diel variation in fish abundance (Casey and Myers 

1998).  Larval and juvenile Atlantic croaker appear to feed primarily during the day (e.g., Chao 

and Musick 1977, Govoni et al. 1983), whereas larger individuals may feed more during the 

night (McLane 1955). 

 

The primary management implication of diel variation in fish abundance within 

the lower St. Johns River is that monitoring programs should include both day 

and night sampling in order to identify important trophic linkages between 

adjacent habitats.  However, it is also imperative that gear biases and selectivity 

are quantified in order to obtain accurate information about patterns of habitat 

use and distribution within the lower St. Johns River (Gray and Bell 1986, 

Continental Shelf Associates 1993). 
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Table 2.1.  Number of fishes collected from the lower St. Johns River (see Figure 2.1) during 
trawl surveys in February, May, and August 1997.  Data for each sampling station available from 
author or SJRWMD. 

Mesohaline Oligohaline Tidal Freshwater

Common Name Species Feb May Aug Feb May Aug Feb May Aug

Atlantic croaker Micropogonias undulatus 9 10 10 580 393 8 1292 787 16

Atlantic stingray Dasyatis sabina 0 0 0 0 2 1 20 21 3

bay anchovy Anchoa mitchili 18 12 58 99 36 65 16 36 2

bay whiff Citharichthys spilopterus 0 0 0 0 1 0 0 0 0

bighead sea robin Prionotus tribulus 2 0 0 0 0 0 0 0 0

black crappie Pomoxis nigromaculatus 0 0 0 2 0 0 11 6 20

bluegill Lepomis macrochirus 0 0 0 0 0 0 69 24 42

brown bullhead Ameiurus nebulosus 0 0 0 0 1 0 4 9 4

channel catfish Ictalurus punctatus 0 0 0 0 2 0 1 18 7

clown goby Microgobious gulosus 0 0 0 0 0 1 20 19 45

dusky pipefish Syngnathus floridae 0 1 0 3 1 0 0 1 0

eastern mosquitofish Gambusia holbrooki 0 0 0 0 0 0 0 1 0

Florida gar Lepisosteus platyrhincus 0 0 0 0 0 0 1 0 0

freshwater goby Gobionellus shufeldti 0 0 0 16 0 0 3 0 0

gizzard shad Dorosoma cepedianum 0 0 0 3 0 0 18 23 274

gray snapper Lutjanus griseus 0 0 1 0 0 3 1 0 1

hogchoker Trinectes maculatus 2 1 1 44 8 3 20 43 49

inland silverside Menidia beryllina 0 0 0 0 0 0 2 1 5

lake chubsucker Erimyzon sucetta 0 0 0 0 0 0 1 2 2

largemouth bass Micropterus salmoides 0 0 0 0 0 0 3 1 1

least killifish Heterandria formosa 0 0 0 0 0 0 0 2 0

lined sole Achirus lineolatus 0 1 4 0 0 1 0 0 0

longnose gar Lepisosteus osseus 0 0 0 0 0 0 2 5 0

mojarra Eucinostomus spp. 0 0 6 0 0 11 1 1 3

naked goby Gobiosoma bosc 0 0 0 0 1 0 1 0 1

pigfish Orthopristis chrysoptera 0 1 0 0 0 0 0 0 0

pinfish Lagodon rhomboides 0 0 0 1 0 0 0 0 0

red drum Sciaenops oscellatus 0 0 0 6 0 0 18 1 0

redbreast sunfish Lepomis auritus 0 0 0 0 0 0 53 6 30

redear sunfish Lepomis microlophus 0 0 0 24 0 1 55 13 35

seminole killifish Fundulus seminolis 0 0 0 0 0 0 20 0 2

sheepshead Archosargus probatocephalus 0 1 0 2 0 0 0 0 0

silver perch Bairdiella chrysoura 0 1 0 6 0 0 0 0 0

southern flounder Paralichthys lethostigma 1 1 1 4 9 3 5 6 4

southern puffer Sphoeroides nephelus 0 1 0 0 0 0 0 0 0

spot Leiostomus xanthurus 1 0 2 4 29 3 0 65 3

spotted seatrout Cynoscion nebulosus 1 0 0 0 0 0 0 0 0

spotted sunfish Lepomis punctatus 0 0 0 0 0 0 2 0 0

stargazer Astroscopus sp. 0 0 1 0 0 0 0 0 0

striped anchovy Anchoa hepsetus 4 0 0 0 0 0 0 0 0

tailight shiner Notropis maculatus 0 0 0 0 0 0 4 24 14

warmouth Lepomis gulosus 0 0 0 0 0 0 1 0 0

weakfish Cynoscion regalis 0 0 0 3 5 0 0 1 0

white catfish Ameiurus catus 0 0 0 0 8 1 1 9 36

yellow bullhead Ameiurus natalis 0 0 0 0 0 0 0 2 0

Number of trawls 14 21 21 28 35 35 70 70 70

Total number of fishes 38 30 84 797 496 101 1645 1127 599

Fishes per trawl 2.7 1.4 4.0 28.5 14.2 2.9 23.5 16.1 8.6

Total species 8 10 9 15 13 12 28 27 23  
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Table 2.2.  Total number of fishes collected during day and night trawls at the Mocassin Slough 

site in May 1997. 

 

 

 

 

 

Species Day Night Total 

Croaker 231 94 325 

Bay anchovy 28 0 28 

Hogchoker 4 14 18 

White catfish 4 3 7 

Spot 2 0 2 

Southern flounder 0 2 2 

Brown bullhead 1 0 1 

Atlantic stingray 1 0 1 

Channel catfish 1 0 1 

Number of trawls 7 7 14 

Number of individuals 272 113 385 

Mean abundance 38.9 16.1 27.5 

Number of species 8 4 9 
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Figure 2.1.  Location of trawl sites within mesohaline (black), oligohaline (gray), and tidal 

freshwater (white) portions of the St. Johns River estuary, Florida. 

  1  Salt Spring
  2  Croaker Hole
  3  Oklawaha River
  4  Barge Canal
  5  Palatka
  6  Rice Creek
  7  Federal Point
  8  Scratch Ankle
  9  Bayard Point
10  Orangedale
11  Mocassin Slough
12  Julington creek
13  Buckman
14  Bolles
15  Riverside
16  Arlington River
17  Drummond Point
18  Dames Point
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Figure 2.2.  Variation in mean number of fishes (+ 1 SE) collected from different sections (top) 

and different sampling periods (middle) in the St. Johns River (top).  The bottom graph shows 

the interaction between river section and sampling period. 
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Figure 2.3.  Variation in mean number of fishes (+ 1 SE) collected from locations in the St. Johns 

River estuary. 
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Figure 2.4.  Variation in mean number of fish species (+ 1 SE) collected from different sections 

(top) and different sampling periods (middle) in the St. Johns River (top).  The bottom graph 

shows the interaction between river section and sampling period. 
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Figure 2.5. Variation in the relative abundance of four numerically dominant taxa across 

estuarine zones in the lower St. Johns River.  All other taxa have been omitted from this analysis. 
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Figure 2.6.  Location (i.e., multivariate least-squares means) of six numerically dominant taxa in 

community space as revealed by discriminant function analysis.  Centroids for sand, tapegrass, 

demersal channel habitats are shown with 95% confidence ellipses.  Analysis is based on the 

angular transformed relative abundance of inland silverside (MENBER), clown goby 

(MICGUL), Atlantic croaker (MICUND), several species of sunfish (LEPSPP), naked goby 

(GOBBOS), and rainwater killifish (LUCPAR). 
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Figure 2.7. Spatial and seasonal variation in mean standard length (+ 1 SE) of croaker 

(Micropogonias undulatus) collected from the lower St. Johns River. 
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Figure 2.8. Seasonal variation in size distribution of Atlantic croaker (Micropogonias undulatus) 

collected from the lower St. Johns River. 
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Figure 2.9. Diel variation in mean (+1 SE) total number of fishes and mean standard length of 

Atlantic croaker (Micropogonias undulatus) collected from Moccasin Slough in the St. Johns 

River.  Significantly more fishes (t12=2.8, p=0.0159) and significantly longer Atlantic croaker 

(t323=3.3, p=0.0010) were collected during the day than in the evening. 
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Abstract 

 

In this study, I examined the relative importance of beds of tapegrass (Vallisneria 

americana) and adjacent non-vegetated habitats to juvenile and adult (6 – 35 mm standard 

length) rainwater killifish (Lucania parva) over a large spatial scale within the St. Johns River 

estuary, Florida.  Abundance of rainwater killifish did not differ between oligohaline and tidal 

freshwater portions of the estuary and this species was relatively rare at opposite ends of the St. 

Johns River estuary.  The presence of rainwater killifish at a given site was determined in part by 

large-scale variation in environmental factors such as habitat complexity and salinity.  When 

present at a site, rainwater killifish were found almost exclusively in beds of structurally 

complex beds of tapegrass.  Behavioral observations in the laboratory indicated that rainwater 

killifish preferred vegetated over non-vegetated habitats in the absence of both potential prey and 

predators and that use of vegetated habitats increased further upon addition of predatory 

largemouth bass (Micropterus salmoides).  A laboratory predation experiment further indicated 

that survival of rainwater killifish exposed to largemouth bass was significantly higher in 

vegetation than over open sand.  Therefore, strong preferences for structurally complex 

vegetation likely reflect an evolved or learned behavioral response to risk of predation and help 

explain habitat use of rainwater killifish in the St. Johns River estuary. 
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Introduction 

 
 Beds of submerged aquatic vegetation (SAV) provide important habitat for estuarine 

fishes and often support significantly higher numbers of fishes than adjacent non-vegetated 

habitats (Orth et al. 1984; Heck et al. 1989; Heck and Crowder 1991).  Increased abundance of 

fishes within SAV beds is due to myriad factors, including enhanced foraging opportunities and 

lowered risk of predation (Rozas and Odum 1988).  Predators play a predominant role in 

mediating habitat use by estuarine fishes, either directly by removing vulnerable prey (Heck and 

Orth 1980; Stoner 1983) or indirectly by influencing habitat-use decisions (Bell and Westoby 

1986a, 1986b; Sogard and Olla 1993; Jordan et al. 1996).   

Risk of predation for small fishes is considerably lower in vegetated habitats than in 

adjacent non-vegetated habitats (e.g., Savino and Stein 1982; Rozas and Odum 1988; Hayse and 

Wissing 1996).  That is, structurally complex beds of SAV provide small fishes with a refuge 

from larger predatory fishes, which are locally abundant within estuarine systems (Ryan 1981; 

Sogard et al. 1989; Bartolini 1998).  Considering the behavioral flexibility of fishes (Lima and 

Dill 1990), it is likely that increased numbers of small fishes in beds of SAV reflect predator-

mediated habitat selection rather than different rates of predation on randomly distributed 

individuals (Bell and Westoby 1986a, 1986b).  Additional research, combining field surveys of 

habitat use and habitat choice experiments, is needed to evaluate the role that habitat selection 

plays in the spatial ecology of estuarine fishes (Gotceitas and Brown 1993; Jordan et al. 1996). 

 The diminutive rainwater killifish, Lucania parva, is an excellent model species for 

studying habitat selection because it appears to be strongly associated with beds of SAV and 

other vegetated habitats in estuaries along the Gulf and Atlantic coasts (e.g., Sogard et al. 1987; 

Provancha and Hall 1991; Sogard and Able 1991; Rogers et al. 1992; Continental Shelf 
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Associates 1993; Tremain and Adams 1995; Duffy and Baltz 1998).  Additionally, the generality 

of habitat preferences can be evaluated over a large spatial scale because rainwater killifish are 

tolerant of a wide range of salinity and other environmental conditions (Dunson et al. 1993).  In 

this paper, I describe the results of field and laboratory studies designed to evaluate the role that 

habitat selection plays in determining the distribution of rainwater killifish in estuarine portions 

of the St. Johns River, Florida.  In the field, I compared use of beds of SAV and adjacent sand 

flats by rainwater killifish at nine widely separated locations.  I then performed a habitat 

selection experiment in the laboratory to determine preferences of rainwater killifish for 

vegetated and non-vegetated habitats in the absence and presence of predatory largemouth bass 

(Micropterus salmoides).  Finally, I exposed rainwater killifish to predatory largemouth bass to 

determine whether relative risks of predation in vegetated and non-vegetated habitats could 

contribute to patterns of habitat use observed in both the field study and behavioral experiment.  

I hypothesized that risk of predation played an important role in mediating habitat selection 

because rainwater killifish are preyed upon heavily by piscivorous fishes in the St. Johns River 

(Bartolini 1998). 

 
 
Materials and Methods 

Study area 

 The St. Johns River is the longest river in Florida and flows northward 480 km from its 

headwater marshes in Indian River, St. Lucie, and Brevard Counties to its mouth in northeastern 

Duval County.  The St. Johns River is an extremely shallow and low gradient system that 

typically experiences daily tidal reversals to Lake George, which is 160 km upstream of its 

mouth.  The fauna is considered estuarine up to about Lake George, although marine derived 
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fishes and invertebrates (e.g., Mugil cephalus, Callinectes sapidus) are commonly encountered 

even further upstream (DeMort 1991). 

 The St. Johns River estuary can be divided into mesohaline, oligohaline, and tidal 

freshwater portions (Fig. 1) that support no, sporadic, and abundant beds of SAV, respectively.  

Salinity, low light penetration, lack of suitable substrata, and dredging all appear to limit the 

distribution and size of SAV beds in the mesohaline portion of the estuary (DeMort 1991; 

Kraemer et al. 1999).  Low light levels also appear to be the primary reason that beds of SAV are 

restricted to the shallow margins (generally less than 1.5 m) within much of the estuarine portion 

of the river. Tapegrass (Vallisneria americana) is the dominant SAV with respect to areal 

coverage and biomass, with pondweed (Potamogeton spp.) and water nymph (Najas 

guadalupensis) being locally and/or seasonally abundant.  Tapegrass is present year round in the 

St. Johns River.  Beds of SAV are interspersed with mud and sand flats within the shallow 

margins of oligohaline and tidal freshwater portions of the St. Johns River estuary, forming a 

complex habitat mosaic.  Nine widely separated sites (Fig. 1) were selected for sampling based 

upon the presence of beds of tapegrass, location within the estuary (oligohaline vs. tidal 

freshwater), and proximity to long term SAV study plots of the the St. Johns River Water 

Management District (SJRWMD).  The Bolles, Buckman Bridge, Julington Creek, and Moccasin 

Slough sites were within the oligohaline portion of the estuary, whereas the Orangedale, Bayard 

Point, Scratch Ankle, Federal Point, and Palatka sites were within the tidal freshwater portion of 

the estuary. 

 
Quantification of habitat use 

 An aluminum throw trap (100 x 100 x 75 cm) was used to collect rainwater killifish from 

beds of tapegrass and adjacent non-vegetated habitats at the nine sites described above.  Throw 
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traps and other enclosure sampling devices provide quantitative density estimates for small 

nektonic organisms such as rainwater killifish (Kushlan 1981; Freeman et al. 1983; Chick et al. 

1992; Jordan et al. 1997; Rozas and Minello 1997).  The throw trap was deployed haphazardly 

into the desired habitat and then pressed firmly into the substrate.  Plants were removed, placed 

into a mesh bag, twirled until excess water was removed, and then weighed to the nearest g wet 

weight.  A bar seine with 3.0-mm mesh was then passed through the trap until three consecutive 

sweeps produced no fishes.  Six throw trap samples were collected from within each habitat at 

each site, and the order in which tapegrass beds and sand flats were sampled was reversed after 

each site.  Rainwater killifish were preserved in 10% buffered formalin in the field and later 

enumerated in the laboratory.  Sampling was performed during daylight hours (08:00-18:00 

EST) on a quarterly basis between May 1996 and August 1997. 

 Rainwater killifish abundance data were averaged for each set of six throw traps and then 

log10-transformed prior to parametric analyses to reduce observed heterogeneity of variances. 

However, non-transformed data are presented in figures because they yielded similar results.  

Analysis of variance was used to determine the effects of estuarine location, habitat, month, and 

the interaction between habitat and month on the abundance of rainwater killifish.  For this 

analysis, location within the estuary was considered a blocking effect and habitat was considered 

a fixed effect.  There are a variety of approaches that can be used to analyze data collected 

repeatedly from fixed locations, including split-plot analysis of variance (e.g., Chick and McIvor 

1994), repeated measures analysis of variance (e.g., Jordan et al. 1998), and multivariate analysis 

of variance (McIvor and Odum 1988).  Unfortunately, there is little consensus about which 

method is most appropriate (Underwood 1997) and it appears that problems with temporal 

autocorrelation may be minimal for intervals of about 60 d or more (Osenberg et al. 1996).  
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Since collections were about 3 months apart, sampling period was treated as an independent 

factor in the analysis of variance.  Bonferonni/Dunn multiple comparison tests were used to 

compare mean densities of rainwater killifish among sampling locations and among sampling 

periods. 

 Two methods were used to determine whether variation in the abundance of rainwater 

killifish in tapegrass beds was related to differences in select physical features among estuarine 

locations.  In the first method, water depth and plant wet biomass data collected concurrently 

with throw trap samples were included in the ANOVA described above as covariates to test for 

responses of rainwater killifish to small-scale variation in habitat structure.  Given the profound 

spatial and temporal variability of estuaries, it is unlikely that the limited measurements made 

during throw trap sampling can adequately describe the physical features of different estuarine 

locations.  Therefore, the second method used long-term salinity and maximum plant stem length 

data collected by the SJRWMD during 1995-2000 (Sagan 2001) to test for responses of 

rainwater killifish to large-scale variation in habitat structure.  Partial correlation analysis was 

used to test for relationships between the abundance of rainwater killifish, salinity, and 

maximum plant stem length averaged for each estuarine location (n=9).  This method quantifies 

the correlation between each pair of variables while holding constant the values of other 

variables of interest.  Statistical procedures generally follow Winer et al. (1991) and Sokal and 

Rohlf (1995). 

 
 
Habitat selection experiment 

 A habitat selection experiment was performed in the laboratory to determine whether the 

presence of predatory largemouth bass affected use of grass or sand habitats by rainwater 

killifish. Largemouth bass are abundant in the St. Johns River and feed heavily upon rainwater 
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killifish (Bartolini 1998).  Rainwater killifish (mean standard length ± 1 SD = 22 ± 1 mm) and 

largemouth bass (87 ± 15 mm) were seined from beds of tapegrass, transported to the laboratory, 

and then transferred to separate aquaria containing aerated tap water.  Prey fish were allowed to 

acclimate to laboratory conditions for 48 hours and fed flake food ad libitum, whereas predators 

were acclimated for 7 days and fed a mixture of small prey fishes including rainwater killifish ad 

libitum.   

 Habitat selection trials were performed in 90 x 30 x 40-cm glass aquaria containing a 3-4 

cm layer of clean beach sand and filled with 110 l of dechlorinated tap water.  One half of each 

aquarium was left barren to mimic a sand flat, whereas a 45 x 30-cm plot of artificial grass was 

placed on the other half of the aquarium to mimic a bed of tapegrass. Artificial grass is often 

used in behavioral experiments because it is easily quantified and free of epiphytic organisms 

that might influence habitat use decisions (Savino and Stein 1982; Sogard and Olla 1993; Hayse 

and Wissing 1996).  The half of each aquarium containing artificial grass was assigned randomly 

in order to avoid confounding habitat type with location.  Artificial grass was created by tying 

108 bipartite strips (15 x 400 mm) of dark green plastic to a plastic mesh, which was then buried 

beneath the sand.  A density of 1,600 blades per m2 was used in this experiment, which is within 

the range of densities (338 to 3505 per m2) observed for tapegrass within the lower St. Johns 

River (SJRWMD, unpublished data).   

 Eight rainwater killifish were introduced into each aquarium and allowed to acclimate for 

30 minutes.  The number of rainwater killifish swimming in grass and over open sand was then 

recorded after 20, 40, and 60 minutes.  A well-fed predator was then added to each aquarium and 

allowed to acclimate for 30 minutes.  Once again, the number of rainwater killifish swimming in 

grass and over open sand was then recorded after 20, 40, and 60 minutes.  Numbers of rainwater 
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killifish swimming in each habitat were totaled and converted into percentage habitat use for the 

periods before and after a predator was added. The experiment was replicated six times over a 

two-day period, with different fish being used in each trial. All prey were recovered, indicating 

that largemouth bass did not consume rainwater killifish during this experiment.  Day of trial did 

not affect habitat use (t4=08, p=0.4772) and was therefore omitted from further analyses.  One-

tailed, paired t-tests were used to test the hypotheses that rainwater killifish prefer vegetated 

habitat versus non-vegetated habitat in the presence of a predator and that rainwater killifish will 

increase their use of vegetated habitats after the addition of a predator. 

 

Predation experiment 

 A second laboratory experiment was performed to test the hypothesis that survival of 

rainwater killifish is greater in vegetated habitats than in non-vegetated habitats.  By assessing 

predation rates in the laboratory, I was able to rigorously control experimental conditions (e.g., 

plant density, predator species and size, predator hunger levels) and to avoid potential design 

problems associated with tethering prey fishes in the field (Peterson and Black 1994).  Rainwater 

killifish (27 ± 4 mm) were collected and maintained as above.  Additionally, ten largemouth bass 

(130 ± 5 mm) were collected and maintained for over 30 days prior to use to ensure that they 

would feed aggressively under laboratory conditions.  Largemouth bass were fed small-sized 

fishes and grass shrimp ad libitum up to 48 hours prior to use in this experiment. 

 Predation trials were carried out in 90 x 30 x 40-cm glass aquaria filled with 110 l of 

dechlorinated tap water.  Five aquaria contained only 3-4 cm of clean beach sand for substrate, 

whereas another five aquaria contained sand and a 90 x 30-cm mat of artificial grass that 

simulated a patch of tapegrass.  Artificial grass was created as described above for the habitat 

selection experiment and tied to a density of 1,600 blades per m2. 
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Ten rainwater killifish were added to each tank at 09:30 EST and a single largemouth 

bass was added to each tank 30 minutes later, allowed to feed for 24 hours, and then removed.  

Grass was then removed and surviving rainwater killifish were counted in all tanks.  A one-

tailed, unpaired t-test was used to test the hypothesis that survival of rainwater killifish is higher 

in vegetated habitats than in non-vegetated habitats. 

 
Results 

 A total of 871 rainwater killifish were collected (n=648 throw trap samples), yielding an 

overall density of 1.3 rainwater killifish per m2.  However, rainwater killifish were not 

distributed evenly among tapegrass beds and adjacent sand flats (F1,88=68.1, p=0.0001).  

Structurally complex beds of tapegrass (2.6 per m2) supported 43 times as many rainwater 

killifish than did sand flats (0.06 per m2).  Habitat accounted for 31% of the variation observed in 

the abundance of rainwater killifish.  The abundance of rainwater killifish varied among sites 

within the St. Johns River estuary (F8,88=5.2, p=0.0001; Fig. 2).  Sampling site accounted for 

about 19% of the variation observed in rainwater killifish abundance.  A contrast test indicated 

that rainwater killifish abundance did not differ between oligohaline and tidal freshwater portions 

of the estuary (F1,8=1.1, p=0.2944).  Indeed, rainwater killifish were virtually absent from sites 

furthest upstream (Palatka) and downstream (Bolles).  Moccasin Slough supported significantly 

higher numbers of rainwater killifish than other sites.  Although statistically significant 

(F5,88=2.7, p=0.0277; Fig. 3), sampling period accounted for only 6% of the variation observed in 

the abundance of rainwater killifish and there was no interaction between habitat type and 

sampling period (F5,88=1.5, p=0.1974). Standard length ranged from 6 to 35 mm and averaged 

20.2 ± 5.6 mm. 
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Abundance of rainwater killifish was not affected by variation in plant wet biomass 

(F1,86=1.1, p=0.2857) or water depth (F1,86=0.1, p=0.8479) within habitats.  In contrast, long-term 

data collected by the SJRWMD indicate that the abundance of rainwater killifish was positively 

correlated with both plant stem length (partial r6=0.843, p<0.05) and salinity (partial r6=0.6461, 

p<0.05) over a large spatial scale. 

 Results from laboratory experiments indicate that observed patterns of habitat use by 

rainwater killifish in the St. Johns River estuary could be explained in part by habitat choice.  In 

the absence of predators or food, rainwater killifish were three times more likely to occupy 

vegetation than open sand (t5=2.2, p=0.0408; Fig. 4).  After addition of a predator, rainwater 

killifish were 16 times more likely to occupy vegetation than open sand (t5=11.3, p=0.0001; Fig. 

5).  Survival of rainwater killifish exposed to predatory largemouth bass was almost twice as 

great in tanks containing vegetation than in tanks containing only bare sand (t8=2.5, p=0.020; 

Fig. 5), further indicating that habitat-use decisions by rainwater killifish were motivated in part 

by risk of predation. 

 
 
Discussion 

Habitat use 

 Estuaries are comprised of mosaics of habitats that differ with respect to plant species 

composition, structural complexity, and environmental conditions (Day et al. 1989).  For 

example, beds of SAV and non-vegetated sand and mud flats are interspersed throughout much 

of the littoral zone of the St. Johns River estuary (DeMort 1991).  These habitats provide fishes 

with a wide spectrum of opportunities (e.g., prey resources, mates) and risks (e.g., competitors, 

predators) that ultimately affect individual fitness, population demographics, and community 

organization (Wiens 1976; Pulliam 1988).  Behavioral flexibility allows mobile fishes to respond 
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to these opportunities and risks (Lima and Dill 1990), which in turn contributes to non-random 

patterns of habitat use within estuaries (Heck and Crowder 1991).  For example, the greatly 

elevated abundance of fishes in structurally complex beds of SAV (see reviews in Orth et al. 

1984; Heck et al. 1989) may in part reflect active habitat selection (and avoidance) behavior  

(Bell and Westoby 1986a, 1986b; Jordan et al. 1996).  A primary reason for studying habitat use 

by rainwater killifish was to test the general importance of behavior in determining fish 

distribution within estuarine habitat mosaics. 

 Duggins (1980) observed that rainwater killifish were “invariably taken in the presence of 

aquatic vegetation.”  Sogard and Able (1991) found that rainwater killifish were abundant in 

beds of Zostera marina within estuaries of southern New Jersey, but practically absent from 

adjacent sand flats.  Several other researchers have observed high densities of rainwater killifish 

in densely vegetated estuarine habitats (e.g., Harrington and Harrington 1961; Sogard et al. 1987; 

Provancha and Hall 1991; Rogers et al. 1992; Tremain and Adams 1995; Duffy and Baltz 1998).  

Consistent with these earlier studies, I found that rainwater killifish were abundant within 

structurally complex beds of tapegrass and virtually absent from adjacent sand flats within the St. 

Johns River estuary.  Unlike many other estuarine fishes associated with SAV (e.g., Stoner 

1983), rainwater killifish were not affected by variation in plant biomass within beds of 

tapegrass.  Sogard et al. (1987) also noted a lack of association between rainwater killifish 

abundance and seagrass structural complexity in their study of fishes occupying mudbanks of 

Florida Bay. 

 Which demographic mechanisms (i.e., birth, immigration, death, emigration; sensu 

Pulliam 1988) are responsible for the pattern of habitat use of rainwater killifish observed within 

systems such as the St. Johns River estuary?  First, rainwater killifish eggs are deposited on 
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vegetation, and larvae tend to remain in the vegetated habitat in which they are spawned (Foster 

1967).  Therefore, habitat-specific differences in birth rate and low post-recruitment emigration 

away from beds of SAV may contribute significantly to patterns of habitat use by rainwater 

killifish.  Second, my predation experiment indicates that survival may be considerably higher in 

beds of SAV because of decreased predator foraging efficiency in these structurally complex 

habitats (see Heck and Crowder 1991).  Finally, my habitat selection experiment showed that 

rainwater killifish preferred vegetation vs. open sand in the absence of both predators and prey, 

and that preference for vegetation increased after the addition of a predator.  Combining the 

results of these two experiments, it appears that rainwater killifish use beds of SAV (and avoid 

non-vegetated habitats) in part to reduce their risk of predation.  Piscivores such as largemouth 

bass are abundant in the estuarine portion of the St. Johns River and dietary studies indicate that 

rainwater killifish are a common prey item (Bartolini 1998). 

 Preference for structurally complex beds of SAV appears to be either an innate or learned 

antipredator response since this behavior was observed in the absence of predator stimuli.  

Similarly, Bell and Westoby (1986a) found that six species of estuarine fishes quickly emigrated 

away from cropped patches of seagrass in both the presence and absence of potential predators.  

In contrast, Jordan et al. (1996) found that vulnerable pinfish (Lagodon rhomboides) are 

behaviorally more flexible, using non-vegetated habitats freely until exposed to predator stimuli 

(also see Gotceitas and Brown 1993; Sogard and Olla 1993).  Whether facultative or obligatory, 

it appears that risk of predation can motivate habitat selection and affect the distribution of fishes 

within estuarine habitat mosaics (Orth et al. 1984).  Other factors (e.g., prey availability) may 

also contribute to habitat-use decisions (Rozas and Odum 1988; Connolly 1994).  Multifactorial 

experiments manipulating habitat predation intensity, prey availability, density of conspecifics, 
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and other relevant factors are needed to enhance our understanding of habitat selection by 

estuarine fishes. 

 
Distribution within the estuary 

 Large spatial variation in predator abundance, larval transport, habitat complexity, prey 

availability, environmental conditions, and other factors within estuaries may affect the relative 

importance of beds of SAV to estuarine fishes (e.g., Stoner 1983; Livingston 1984; Bell and 

Westoby 1986c; Bell et al. 1987; Sogard et al. 1987).  Therefore, studies of habitat use by 

estuarine fishes should be performed over a large enough spatial scale to ensure generality of 

results (Ferrell and Bell 1991).  The most upstream and downstream sites in this study were 

separated by approximately 100 km and estuarine location accounted for 19% of the variation 

observed in rainwater killifish abundance.  Therefore, processes operating across a large spatial 

scale appear to play a role in regulating population size of rainwater killifish in the St. Johns 

River estuary. 

Sites that supported few rainwater killifish (i.e., Bolles, Julington Creek, Palatka) tended 

to have poorly developed beds of tapegrass.  Distribution of tapegrass and other species of SAV 

are regulated by factors such as salinity, light penetration, nutrient enrichment, dredging, and 

geomorphology of the river channel (Kraemer et al. 1999).  For example, elevated salinity levels, 

low light penetration, dredging, and lack of suitable substrata preclude the colonization and 

growth of tapegrass and more salinity tolerant species of SAV such as Ruppia maritima in the 

lower reaches of the St. Johns River (DeMort 1991).  The Bolles site supported only patchy beds 

of tapegrass, perhaps due to elevated salinity levels (Sagan 2001).  In contrast, patchy or limited 

distribution of tapegrass probably reflected elevated urban runoff at the Julington Creek site and 

relatively narrow littoral zones at the Orangedale and Palatka sites (Sagan 2001).  From a 
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conservation perspective, changes in the distribution of tapegrass within the St. Johns River will 

likely affect rainwater killifish, largemouth bass (Bartolini 1998), and other fishes that depend 

upon SAV for food and shelter. 

Availability of well-developed beds of SAV alone cannot account for the distribution of 

rainwater killifish in the St. Johns River because this species is rarely encountered in the 

extensive beds of tapegrass upstream of the Palatka site.  Salinity is another physical feature that 

varies predictably across the St. Johns River estuary (Fig. 1) and appears to affect the distribution 

of rainwater killifish.  Indeed, significant positive partial correlations indicate that the abundance 

of rainwater killifish increases with increasing salinity as long as vegetated habitat is available.  

Dunson and Travis (1991) demonstrated that salinity does not directly affect survival of 

rainwater killifish within the range of salinities observed between Palatka (0.3 ± 0.1 ppt) and 

Bolles (1.6 ± 1.9 ppt).  Instead, salinity likely plays an important role in mediating the outcome 

of competitive interactions between rainwater killifish and ecologically similar species that are 

more tolerant of freshwater.  For example, Dunson and Travis (1991) found that the competitive 

ability of rainwater killifish and the typically freshwater bluefin killifish (L. goodei) reversed 

along a salinity gradient.  The same is likely true for the eastern mosquitofish (Gambusia 

holbrooki) and golden topminnow (Fundulus chrysotus), which are morphologically and 

ecologically similar to rainwater killifish.  Rainwater killifish are replaced entirely by eastern 

mosquitofish, golden topminnows, and bluefin killifish upstream of Lake George, despite the 

presence of extensive beds of submergent and emergent vegetation (Jordan et al. 1998).  

Similarly, more salinity tolerant species that prefer open sand and emergent salt marsh habitats 

(e.g., the topminnows F. confluentus, F. heteroclitus, and F. majalis) replace rainwater killifish 
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in the lower reaches of the St. Johns River estuary (Weaver and Sulak 1998; F. Jordan, 

unpublished data) where SAV is absent. 
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Fig. 1.  Location of study sites within oligohaline (gray) and tidal freshwater (white) portions of 

the St. Johns River estuary, Florida.  Submergent vegetation is absent from the mesohaline 

(black) portion of the estuary.  Outer line around map and black portion of inset correspond to 

the boundary of the lower St. Johns River basin. 
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Fig. 2.  Mean (+ 1 SE) density of rainwater killifish in beds of tapegrass at nine widely separated 

locations within the St. Johns River estuary.  Means with different letters are significantly 

different based on a Bonferonni/Dunn multiple comparison test. 
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Fig.  3.  Seasonal variation in the mean (+ 1 SE) density of rainwater killifish in the St. Johns 

River estuary.  Means with different letters are significantly different based on a 

Bonferonni/Dunn multiple comparison test. 
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Fig. 4.  Mean (+ 1 SE) relative abundance (%) of rainwater killifish observed in vegetated (grass) 

and non-vegetated (sand) sides of experimental tanks before and after the addition of predatory 

largemouth bass. 
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Fig. 5.  Mean (+ 1 SE) survival of rainwater killifish exposed to predatory largemouth bass in 

experimental tanks containing either grass or sand. 
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Abstract 
 
 
 I examined the effects of vegetation on the distribution and diets of predatory fishes 

occupying the lower portion of the St. Johns River, Florida.  Beds of tapegrass (Vallisneria  

americana) and adjacent sand flats were sampled seasonally to compare the relative abundance, 

species richness, and community structure of predatory fishes occupying each habitat.  Vegetated 

habitats supported a greater abundance and diversity of predatory fishes than adjacent non-

vegetated habitats.  Furthermore, each habitat was characterized by a distinct predatory fish 

community.  Vegetated habitats were characterized by largemouth bass (Micropterus  

salmoides), Florida gar (Lepisosteus  platyrhincus), warmouth (Lepomis  gulosis), bowfin (Amia  

calva), brown bullhead (Ameiurus  nebulosus), and chain pickerel (Esox  niger), whereas open 

sand habitats were characterized by longnose gar (Lepisosteus  osseus), and channel catfish 

(Ictalurus  punctatus). 

 Habitat selection was then examined on a finer, microhabitat scale in a laboratory study, 

by providing three size-classes of largemouth bass, the dominant predator in this system, a 

choice among high, medium, low, and zero vegetation.  Habitat use by largemouth bass shifted 

away from dense vegetation with increasing fish size.  This may be a result of increased foraging 

profitability or a reduction in vulnerability to predation as increased fish size provides a refuge 

from predation.  Additional laboratory experiments were conducted to determine the effects of 

increasing vegetation density on prey selection decisions by largemouth bass.  First, selection for 

different sizes of rainwater killifish (Lucania  parva) was examined using juvenile largemouth 

bass as predators.  Next, adult largemouth bass were offered a choice between rainwater killifish 

and juvenile largemouth bass.  Increasing vegetation density had no effect on prey selection in 

either experiment.  The effects of increasing vegetation density on the overall foraging efficiency 
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of small predators was also examined.  Juvenile largemouth bass did not suffer a reduction in 

foraging efficiency with increasing vegetation density.  This suggests that habitat selection by 

juvenile piscivores is determined by risk of predation, not foraging efficiency. 
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CHAPTER 1 

 
 

INTRODUCTION 
 
 

Overview 

 Vegetated habitats commonly support greater numbers of fishes than do adjacent non-

vegetated habitats (Orth and Heck 1980, Stoner 1983, Orth et al. 1984, Heck et al. 1989, Ferrell 

and Bell 1991, Heck and Crowder 1991, Sogard and Able 1991).  Two reasons for this increased 

use of vegetated habitats is that prey abundance increases and relative risk of predation decreases 

with increasing plant density (Crowder and Cooper 1982, Bell and Westoby 1986, McIvor and 

Odum 1988, Rozas and Odum 1988, Heck and Crowder 1991, Jordan et al. 1996).  Stoner (1982) 

showed that densities of seagrass fishes increased in direct proportion to seagrass density, 

indicating that food availability and/or predation risk can change continuously across a gradient 

of vegetation density.  Furthermore, predatory fishes suffer a reduction in foraging efficiency 

with increasing vegetation density (Savino and Stein 1982, Gotceitas and Colgan 1987), resulting 

in dietary shifts (Werner and Hall 1974, Vince et al. 1976, Anderson 1983, 1984).  

Unfortunately, much of the previous research on habitat use and foraging ecology of fishes has 

focused on a dichotomy of habitats (e.g., vegetated vs. non-vegetated) rather than over the range 

of vegetation densities that fishes typically encounter.  In this thesis, I examine how different 

vegetation densities affect habitat use and foraging decisions of predatory fishes. 
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Habitat Selection 

 Submerged aquatic vegetation (SAV) generally supports high densities of fishes by 

providing protection from predation and enhanced foraging opportunities (Crowder and Cooper 

1982, Bell and Westoby 1986, McIvor and Odum 1988, Rozas and Odum 1988, Heck and 

Crowder 1991, Jordan et al. 1996).  For example, Savino and Stein (1982) demonstrated that 

survival rates of bluegill (Lepomis macrochirus) exposed to largemouth bass (Micropterus  

salmoides) increased with increasing habitat complexity.  As a result of reduced risk of 

predation, there is a high abundance of prey found in vegetated habitats (reviewed by Orth et al. 

1984). 

 Although risk of predation plays an important role in habitat use decisions of small 

fishes, it is probably less important to larger, predatory fishes.  Habitat use by predatory fishes is 

likely based on foraging profitability (Werner and Hall 1976, Werner et al. 1983b, Holbrook and 

Schmitt 1984).  When selecting habitats, predators are faced with a tradeoff between prey 

encounter rates and foraging efficiency (Cooper and Crowder 1979, Crowder and Cooper 1982).  

At the mesohabitat scale (i.e., beds of vegetation vs. open sand), predatory fishes likely remain in 

vegetated habitats because of the abundance and diversity of prey.  At the microhabitat scale, 

predator size may affect selection among varying vegetation densities.  Changes in the relative 

importance of foraging profitability as fish grow may result in ontogenetic shifts in habitat use.  

For example, maneuverability, foraging efficiency, and, consequently, growth rate decrease with 

increasing fish size in highly complex habitats (Glass 1971, Savino and Stein 1982, Gotceitas 

and Colgan 1987, Savino et al. 1992, Hayse and Wissing 1996).  Predatory fishes may, therefore, 

increase their use of less complex portions of aquatic plant beds as they increase in size. 
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Prey Selection 

 The effects of habitat complexity on foraging efficiency is a well-studied topic of fish 

ecology (e.g., Crowder and Cooper 1982, Savino and Stein 1982, Gotceitas and Colgan 1987, 

1989).  For many fishes, foraging efficiency is significantly reduced beyond a threshold level of 

vegetation density (Nelson 1979, see Gotceitas and Colgan 1989, their Table 1 for a summary).  

For example, Glass (1971) found that increasing the density of wooden dowels reduced the 

number of strikes and the number of successful attacks by largemouth bass feeding on guppies 

(Lebisthes  reticulatus).  This was attributed to the restriction of movement upon largemouth 

bass.  Foraging success may also be influenced by decreased prey detection in densely vegetated 

habitats (Savino and Stein 1982).   

 Prey selection may also be affected by increasing vegetation density.  Prey selection is 

dependent on costs associated with search time (Anderson 1984) and encounter rates (Savino and 

Stein 1989b), both of which are dependent on habitat complexity.  Prey consumption is also 

dependent on the ability to capture and physically swallow prey items.  For example, the 

optimum size of prey is smaller than the maximum size for a given sized predator (Hoyle and 

Keast 1987), because the handling time associated with increasing prey size rises sharply 

(Mittelbach 1981, Hoyle and Keast 1987).  Furthermore, differences in prey morphology (e.g., 

the presence of spines) may also affect the cost associated with capturing prey (Beyerle and 

Williams 1968, Eklöv and Hamrin 1989).  In contrast, larger prey are more easily detected, and 

are detected at a greater distance (Howick and O’Brien 1983);  therefore, predators may select 

the largest prey available. 

 Prey selection may be mediated by habitat complexity.  When fish encounter few prey 

items, it may be beneficial to consume whatever prey is detected despite the size or type of prey.  
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For example, reduced encounter rates and overall foraging efficiency at high densities of 

vegetation cause predators to have increased diet breadths as prey are taken indiscriminately 

(Werner and Hall 1974, Vince et al. 1976, Anderson 1983).  For example, small (74-78 mm TL) 

largemouth bass include sub-optimal damselflies (Zygoptera) in their diet in highly structured 

habitats when the encounter rate of guppies falls below a critical level (Anderson 1984).  In 

contrast, Stoner (1982) implies that pinfish (Lagodon  rhomboides) have narrow diet breaths in 

highly structured environments, since some prey species may be harder to detect at higher 

vegetation densities. 

 

Cannibalism 

 Many age classes of largemouth bass co-occur within beds of vegetation, and, as a result, 

juvenile largemouth bass are included in the diets of adult largemouth bass (Florida Game and 

Fresh Water Fish Commission unpublished data, personal observation).  Cannibalism may stem 

from predators attempting to remove potential competitors from a population, or may simply be 

a result of prey availability (FitzGerald and Whoriskey 1992).  Cannibals may also benefit from 

their consumption of conspecifics.  For example, mosquitofish (Gambusia  affinis) exhibit a 

greater weight gain and higher fertility when fed a cannibalistic diet (Meffe and Crump 1987). 

 Cannibals are at an increased risk of disease by selecting conspecific prey.  Species-

specific diseases may be passed on to a cannibalistic predator by any infected prey (Elgar and 

Crespi 1992).  Additionally, a reduction in fitness may result from cannibalizing a closely-related 

conspecific.  That is, the consumption of a predator’s kin will reduce the frequency of that 

cannibal’s genes in a population;  however, this is dependent on the degree of relatedness 

between predator and prey (Elgar and Crespi 1992).  This should cause predators to select 
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against conspecific prey unless there is some form of kin recognition.  A high level of habitat 

complexity, however, may cause largemouth bass to include juvenile largemouth bass in their 

diets as prey are taken indiscriminately.  In addition, dense vegetation may mask the identity of a 

juvenile conspecific encountered by a foraging predator.  Therefore, I hypothesize that foraging 

predators will select against conspecific prey at low levels of vegetation density, and that 

increasing vegetation density will result in an increased consumption of conspecifics. 

 

Objectives 

 The general goal of my field research (Chapter 2) was to characterize the predatory fish 

community on mesohabitat (i.e., vegetation vs. sand) and seasonal scales in the lower portion of 

the St. Johns River, Florida (Figure 1.1).  The St. Johns River is the longest river entirely within 

the state of Florida, and the lowest portion of the river is estuarine in character (DeMort 1991), 

with tidal influence on elevation evident as far upstream as Lake George.  The location for this 

study was the oligohaline and tidal freshwater portions of the river between Palatka and 

Jacksonville.  Predatory fishes were sampled in beds of tapegrass (Vallisneria  americana), the 

dominant plant in this portion of the river (DeMort 1991), and adjacent sand flats to determine 

how relative abundance, species richness, and community composition varied.  In addition, 

piscivore diets in this estuarine system were described, with a focus on largemouth bass. 

 The goal of my experimental research was to investigate habitat selection on a 

microhabitat scale (i.e., among varying densities of vegetation), and determine how habitat 

complexity affects the foraging decisions of predatory fishes.  I first examined selection among 

varying levels of habitat complexity throughout the ontogeny of largemouth bass (Chapter 3).  I 

then investigated preference for different prey sizes by juvenile largemouth bass (Chapter 4), and 
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selection for conspecific prey (Chapter 5) by largemouth bass.  Chapters 2-5 are then 

summarized to demonstrate how habitat complexity affects the distribution and foraging ecology 

of predatory fishes in an estuarine system such as the lower St. Johns River (Chapter 6). 

 

 

Figure 1.1.  Map of study sites in the lower St. Johns River, Florida.  The hatched and the black 

areas represent the oligohaline and salt water portions of the river, respectively. 
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CHAPTER 2 
 

SEASONAL VARIATION IN HABITAT USE BY PISCIVOROUS 
FISHES OF THE LOWER ST. JOHNS RIVER, FLORIDA 

 
 

Introduction 

 Submergent aquatic vegetation plays an important role in structuring fish communities 

(Orth and Heck 1980, Stoner 1983, Orth et al. 1984, Heck et al. 1989), primarily by providing 

small fishes protection from predators and enhanced foraging opportunities (Crowder and 

Cooper 1982, Gotceitas and Colgan 1987, McIvor and Odum 1988, Rozas and Odum 1988, 

Jordan et al. 1996).  Although risk of predation plays an important role in habitat use decisions of 

small fishes, it is probably less important to large piscivorous fishes.  However, the dual role of 

aquatic vegetation presents predatory fishes with a tradeoff between higher prey encounter rates 

and lower foraging efficiency (Cooper and Crowder 1979, Crowder and Cooper 1982). 

 Since predatory fishes are free to move between vegetated and non-vegetated habitats, 

they may select the habitat that maximizes foraging profitability (Werner and Hall 1976, Werner 

et al. 1983b, Holbrook and Schmitt 1984).  Increased prey densities associated with structurally-

complex habitats (Stoner 1983) would then dictate that predatory fishes prefer beds of aquatic 

vegetation.  However, when foraging success is reduced as habitat structural-complexity 

increases (Glass 1971, Nelson 1979, Savino and Stein 1982) predatory fishes may prefer 

structurally-simple sand habitats. 

 Few studies describe patterns of habitat choice by larger, piscivorous fish (Savino and 

Stein 1989a);  although, habitat selection is described as a key process in the distribution patterns 

of fishes (Kramer et al. 1997).  Different species will exhibit distinct responses to habitat 

selection decisions, resulting in habitat-specific community structure. 
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 Little is known about how the structure of predatory fish communities varies among 

habitats within the lower St. Johns River, Florida.  In a survey of the fishes of the St. Johns 

River, McLane (1955) employed a combination of sampling gears in a variety of habitats, and 

included qualitative notes on habitat use.  The sampling regime used in this study did not allow 

for a quantitative comparison of habitats.  Recently, community-level sampling has been 

expanded to include littoral and demersal habitats in an oligohaline portion of the river 

(Continental Shelf Associates, Inc. 1993);  however, different gear types were used in each 

habitat, preventing a quantitative comparison. 

 Although earlier studies do not provide much information on habitat preference of fish, 

they do provide a good indication of fishes present in this system.  The lower portion of the St. 

Johns River supports a diverse ichthyofauna that is comprised of freshwater, estuarine, and 

seasonally abundant euryhaline marine species (Continental Shelf Associates, Inc. 1993).  

Marine fishes utilize estuarine habitats for spawning or foraging at different times throughout the 

year, which results in seasonal variation in species composition.  Since habitat preferences may 

be species specific, habitat-specific predator abundance may shift on a seasonal scale with 

species composition. 

 The diverse ichthyofauna of the lower St. Johns River is apparent in the composition of 

small prey species as well.  This co-occurrence of freshwater and marine prey allows for a wide 

selection of food items.  Many fishes tend to be opportunistic foragers; therefore, predators 

should select both freshwater and marine prey species in accordance to their availability.  

However, some fishes may avoid non-standard prey items.  For example, a freshwater predator 

may not include marine prey in its diet.  Selection for or against prey species will result in a low 

correlation between diet composition and the prey community.  Fishes that are highly selective 
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of prey are specialist foragers, and select food regardless of abundance;  in contrast, generalists 

are opportunistic, and select prey based on their abundance (Keast 1979). 

 In this study, the abundance and structure of predatory fish communities were compared 

between habitats of submergent aquatic vegetation and adjacent sand flats in the lower St. Johns 

River, Florida.  Patterns of habitat use by predatory fishes are likely a result of tradeoffs 

associated with foraging in vegetated habitats.  Therefore, I hypothesized that, although foraging 

efficiency may be low in vegetated habitats, predatory fishes will be attracted to the high density 

of prey associated with grass beds, resulting in a greater predator abundance and a greater 

species richness in vegetated habitats.  The seasonal variation in species composition and habitat 

use by predatory fishes was also examined.  The importance of each habitat type may change as 

a result of seasonal variation in the composition of predatory fishes.  Additionally, the diets of 

predatory fishes in this portion of the river were described, and largemouth bass diets were 

analyzed on two ecologically relevant scales, ontogenetic and seasonal.  Dietary shifts associated 

with growth are believed to cause changes in prey composition of largemouth bass diets.  

Furthermore, seasonal differences in the prey community will cause seasonal dietary shifts in 

predatory fishes. 

 
Methods 

Study Area 

 The St. Johns River is the longest river in the state of Florida (see DeMort 1991), with a 

drainage area of nearly 23,000 km2.  Its headwaters originate from the second largest freshwater 

marsh in the state, located in parts of St. Lucie, Indian River, and Okeechobee counties, and 

stretches northward approximately 460 km to empty into the Atlantic Ocean east of Jacksonville 

at Mayport.  The lower portion of the river runs between Lake Harney and Mayport.  Daily tidal 
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influence is evident as far upstream as Lake George, and this area is characterized by an 

estuarine fauna (McLane 1955, Continental Shelf Associates, Inc. 1988, 1993).  The focus of this 

study was the oligohaline and tidal freshwater portions between Palatka and Jacksonville (Figure 

1.1). 

 The dominant plant (with respect to aerial coverage and biomass) in this portion of the 

river is tapegrass (Vallisneria  americana), which grows in lush beds along the littoral margins of 

the river (DeMort 1991).  Various pondweeds (Potamogeton spp.) and Southern naiad (Najas  

guadalupensis) are also locally and/or seasonally abundant.  Beds of Vallisneria  are restricted to 

oligohaline and fresh water portions of the river and are not located much further north than the 

Bolles school site, which is the northern limit of this study.  The habitat complexity provided by 

Vallisneria  beds supports a diverse ichthyofauna, including largemouth bass (McLane 1955, 

Continental Shelf Associates, Inc. 1988, 1993).  The recreational largemouth bass fishery in the 

lower St. Johns River is one of the best in the state (Florida Game and Fresh Water Fish 

Commission 1987).  Seven sites containing beds of Vallisneria and adjacent sand flats were 

selected throughout the lower St. Johns River between Jacksonville and Palatka (see Figure 1.1).  

Four of these sites  were located in the tidal, freshwater portion of the river, and the remaining 

three were located in the oligohaline portion of the river. 

 
Fish Collection 

 Fish communities were sampled during May, August, and November 1996, and February 

1997.  Predatory fishes were collected at each site using a combination of gill-netting and 

electrofishing.  These sampling techniques complemented one another to provide a more 

complete picture of the structure of predatory fish communities.  A single 30-m long by 2-m 

deep experimental gill net (75, 100, and 125 mm stretched mesh size) was set for 4 hours, and a 
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15-min timed pulsed DC electrofishing transect was performed in each habitat at each site.  Gill 

netting and electrofishing were performed between 06:00 and 18:00 EST.  A potential bias of 

this sampling regime is that nocturnal predators may have been missed or under-represented.  

Both diurnal and nocturnal predators are susceptible to electrofishing;  however, gill-netting 

resulted in the capture of predators active only during the day.  All fish were identified, measured 

in standard length (mm SL), and weighed (g).  Catches from gill nets and electrofishing were 

combined for each habitat at each site to obtain measures of predator abundance (total number of 

individuals) and richness (total number of species). 

 The stomachs of all fishes collected were extracted and preserved in 10% buffered 

formalin in the field.  All prey items were identified to the lowest taxonomic level possible, 

counted and batch weighed.  Diet indices using percent by number and weight were determined 

to describe the diets of the dominant predators collected. 

Statistical Analyses 

 Repeated measures analyses of variance were used to test for the effects of site, habitat 

type, month, and their interactions on predator abundance and species richness.  Kendall's 

nonparametric correlation coefficient (tau) was used to test for concordance of species ranks 

between habitats after pooling data across sites and seasons.  Concordance between months was 

then tested pairwise for all months after pooling data across habitats and sites. The Bonferroni 

method was used to preserve the overall alpha level (α=0.05) and minimize Type I statistical 

errors.  Dominance-diversity curves were plotted to illustrate patterns of species richness and 

evenness (Magurran 1988).  Statistical methods generally followed Winer et al. (1991) and Sokal 

and Rohlf (1995). 
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 Ontogenetic diet shifts were examined qualitatively by month after separating largemouth 

bass into three size classes as follows:  juveniles (<140 mm SL), subadults (140-240 mm SL), 

and adults (>240 mm SL).  This length classification is used by Hoyer and Canfield (1996) for 

largemouth bass in Florida lakes, which approximately correspond to age 0, 1, and 2+ years, 

respectively.  Fish greater than 200 mm (SL) would normally be considered adults;  however, the 

subadult size class included small adults for this analysis in order to distribute the number of 

stomachs more evenly among size classes. 

 
Results 

 A total of 171 individuals comprising 17 species were collected from the lower St. Johns 

River (Table 2.1).  Largemouth bass, Florida gar (Lepisosteus platyrhincus), longnose gar 

(Lepisosteus osseus), warmouth (Lepomis gulosus), channel catfish (Ictalurus punctatus), bowfin 

(Amia calva), brown bullhead (Ameiurus nebulosus), and chain pickerel (Esox niger) accounted 

for 91% of all fishes collected.  Freshwater predatory fishes dominated this portion of the river, 

while marine fishes comprised only 7% of the total catch. 

 Fishes were not randomly distributed between vegetated and sand habitats.  Vallisneria 

beds supported a greater abundance (P=0.0078) of predatory fishes than sand flats, having three 

times as many individuals (Table 2.1, Table 2.2).  Overall, however, species richness did not 

differ between habitats (P=0.0519, Table 2.2).  Within each month sampled, however, there were 

consistently more fish species collected from Vallisneria beds than open sand habitats (Table 

2.1).  Species ranks were not concordant between habitats when pooling across months and sites 

(Kendall’s tau=0.307, P=0.065). 

 Seasonal effects on predatory fish communities are dependent on the level of community 

structure considered.  Predator abundance remained fairly constant among the months sampled 
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(P=0.1915, Table 2.2), suggesting little or no effect;  however, species richness changed among 

months (P=0.0187, Table 2.2).  Additionally, with the exception of August and February 

(tau=0.796, P<0.001), there was generally little concordance of species ranks between months 

when pooling across habitats and sites for pairwise comparisons.  That is, the predator 

community composition changed on a seasonal scale.  The presence of marine predators, 

although low in number, contributed to the seasonal variation in species rank.  Dominance-

diversity plots indicate that the greatest number of predatory fish species were present in 

November, and that individuals were similarly distributed among species in November, 

February, and May (Figure 2.1).  The steep decline seen in August indicates that fewer species 

dominate the predatory fish community. 

 Stomach contents of predatory fishes show that a variety of prey, both fish and 

invertebrate, contribute to predator diets (Table 2.3).  Bowfin and warmouth relied heavily upon 

invertebrate prey, but did consume some small prey fish including sunfishes (Lepomis spp.) and 

inland silversides (Menidia beryllina).  Bowfin ate larger invertebrates such as blue crabs 

(Callinectes sapidus) and crayfish (Procambarus spp.);  whereas, warmouth ate smaller grass 

shrimp (Palaemonetes spp.), Xanthid crabs, and damselfly larvae (Zygoptera).  Chain pickerel, 

Florida gar, and longnose gar consumed fish prey exclusively.  Some important prey items, by 

number, in these exclusive piscivores were rainwater killifish (Lucania parva), largemouth bass, 

and sunfish (Lepomis spp.).  Several of the unidentified fish present in the stomachs of Florida 

gar are believed to be rainwater killifish, but this identification could not be confirmed.  By 

weight, large prey fish such as striped mullet (Mugil cephalus) and herrings (Alosa spp.) 

dominated the diets due to low sample sizes.  An important prey species of Florida gar was the 

largemouth bass.  Largemouth bass were present in nearly half of the stomachs, and made up 
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nearly 75% of the mass contribution.  Channel catfish were nearly exclusive piscivores, relying 

on various sunfishes, and one had a blue crab in its stomach.  In addition, evidence of piscivory 

was seen in brown bullhead and largemouth bass. 

Largemouth bass exhibited dietary shifts on an ontogenetic scale (Table 2.4).  There were 

no diet data available for juveniles in May, but the other months sampled showed that juveniles 

included grass shrimp, damselfly larvae, clown gobies (Microgobius gulosus) and rainwater 

killifish in their diets. Subadults showed some overlap with juvenile diets, but included some 

larger prey such as seminole killifish (Fundulus seminolis), bluegill (Lepomis macrochirus), and 

even blue crabs.  Adults ate primarily larger prey including blue crabs, brown bullhead, bowfin, 

and in one case another largemouth bass, which their large size enabled them to do.  Again, there 

was an overlap between the diets of subadults and adults.  Grass shrimp and rainwater killifish 

were included in the diets of adultlargemouth bass in May, but were not present during any other 

month.  With this exception, there was no overlap in the diets of juvenile and adult largemouth 

bass. 

 The only prey identified in all three size classes were rainwater killifish and grass shrimp.  

When considering the relative prey abundance throughout the year, juveniles primarily 

consumed small clown gobies and grass shrimp, subadults ate mostly rainwater killifish and 

grass shrimp, and adult diets were dominated by rainwater killifish, as well as some larger prey 

fish (e.g., inland silversides, brown bullheads, and bowfin). 



  

Table 2.1.  Total number of each fish species collected each month in Vallisneria  (V) and sand (S) habitats in the lower St. Johns 
River, Florida.  Fish species are arranged in order of decreasing abundance.  Asterisks denote marine species. 
 
 May 96 Aug 96 Nov 96 Feb 97 
Species Common Name V S V S V S V S Total 

Micropterus salmoides largemouth bass 9 0 14 2 10 3 11 4 53 

Lepisosteus platyrhincus Florida gar 16 2 6 0 3 0 2 0 29 

Lepisosteus osseus longnose gar 2 6 1 1 5 2 0 1 18 

Lepomis gulosus warmouth 4 0 2 0 2 0 6 0 14 

Ictalurus punctatus channel catfish 1 0 0 1 2 3 1 3 11 

Amia calva bowfin 2 0 1 0 1 2 5 0 11 

Ameiurus nebulosus brown bullhead 3 2 0 0 2 1 3 0 11 

Esox niger chain pickerel 1 0 1 0 4 1 1 1 9 

Paralichthys lethostigma southern flounder* 2 0 1 0 0 1 0 1 5 

Pomoxis nigromaculatus black crappie 0 1 0 0 1 0 0 0 2 

Caranx hippos crevalle jack* 0 1 0 1 0 0 0 0 2 

Megalops atlanticus tarpon* 0 0 0 0 0 1 0 0 1 

Sciaenops ocellatus red drum* 0 0 0 0 0 0 0 1 1 

Ameiurus catus white catfish 0 1 0 0 0 0 0 0 1 

Strongylura marina Atlantic needlefish* 0 0 0 0 0 0 1 0 1 

Lutjanus analis mutton snapper* 0 0 0 0 1 0 0 0 1 

Cynoscion nebulosus spotted seatrout* 0 0 0 0 1 0 0 0 1  

Total individuals  40 13 26 5 32 14 30 11 171 

Species richness  9 6 7 4 11 8 8 6 17  
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Table 2.2.  Repeated measures ANOVAs for total fish abundance and species richness. 

 

Fish abundance 

Source df Sum of Squares F P  

Site 6 111.714 2.218 0.1775 

Habitat 1 129.018 15.372 0.0078 

Subject (Group) 6 50.357 

Month 3 18.339 1.757 0.1915 

Month * Site 18 93.286 1.489 0.2032 

Month * Habitat 3 3.482 0.334 0.8012 

Month * Subject (Group) 18 62.643 

 

Species richness 

Source df Sum of Squares F P  

Site 6 39.714 1.993 0.2111 

Habitat 1 19.446 5.855 0.0519 

Subject(Group) 6 19.929 

Month 3 10.196 4.304 0.0187 

Month * Site 18 22.429 1.578 0.1710 

Month * Habitat 3 0.911 0.384 0.7655 

Month * Subject(Group) 18 14.214 



 

  

Table 2.3.  Taxonomic list of prey items and their contribution to the diets of the eight dominant predatory fishes collected from both 
sand and Vallisneria beds in the lower St. Johns River, Florida.  Percent abundance (N), mass contribution (M), and frequency of 
occurrence (F) of each prey item by predator species is given.  Species codes are as follows:  AMENEB=brown bullhead, 
AMICAL=bowfin, ESONIG=chain pickerel, ICTPUN=channel catfish, LEPGUL=warmouth, LEPOSS=longnose gar, 
LEPPLA=Florida gar, and MICSAL=largemouth bass. 
 
 AMENEB AMICAL ESONIG ICTPUN LEPGUL LEPOSS LEPPLA MICSAL 
 n=4 n=7 n=3 n=5 n=5 n=4 n=10 n=35 
Prey N M F  N M F  N M F  N M F  N M F  N M F  N M F  N M F 
INVERTEBRATES 
Callinectes sapidus 33 90 50 29 42 57    12 4 20          3 25 12 
Procambarus spp.    21 13 29                   
Palaemonetes spp.             50 30 40       16 2 21 
Xanthidae    14 2 14       25 58 40          
Amphipoda 17 <1 25                      
Zygoptera             13 2 20       3 <1 6 
FISHES 
unidentified fish          26 1 40    23 1 50 47 13 30 15 13 21 
Alosa spp.                23 97 25       
Ameiurus nebulosus 17 6 25       12 8 20       6 1 10 2 17 3 
Amia calva                      2 4 3 
Dorosoma spp.          12 5 20             
Erimizon sucetta                   6 6 10    
Fundulus seminolis                      2 9 3 
Lepomis spp.    36 43 29 33 2 33 38 82 40       6 3 10 5 4 9 
Lucania parva 33 4 25             46 1 25    26 7 18 
Menidia beryllina             13 10 20       10 6 3 
Microgobius gulosus                      10 4 15 
Micropogonias undulatus                      2 4 3 
Micropterus salmoides       33 1 33          29 72 40 2 <1 3 
Mugil cephalus       33 97 33                
Notemigonus chrysoleucas                8 1 25 6 5 10 2 5 3 
Total values 6 14.5 14 102.8 3 98.0 8 238.2 8 1.6 13 202.1 15 126.8 63 61.7 
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Figure 2.1.  Dominance-diversity curves of predator fish communities for each month sampled in 
the lower St. Johns River, Florida. 
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Table 2.4.  Dietary composition by month for juvenile (<125 mm SL), subadult (125-240 mm 
SL), and adult (240+ mm SL) largemouth bass (Micropterus salmoides) in the lower St. Johns 
River, Florida.  Values for relative abundance (N), relative contribution to mass (M), and 
frequency of occurrence (F) of each prey item are given. 
 

May 96 

 Juvenile Subadult Adult 
 n=0 n=1 n=5 
Prey N M F N M F N M F  

Lucania parva    0.33 0.63 1.00 0.69 0.74 0.40 

Micropterus salmoides       0.08 0.07 0.20 

Palaemonetes spp.    0.67 0.37 1.00 0.15 0.14 0.40 

unidentified fish       0.08 0.05 0.20  

Total values 0 0.00 0 3 0.41 1 13 3.37 5 

 

August 96 

 Juvenile Subadult Adult 
 n=2 n=3 n=4 
Prey N M F N M F N M F  

Callinectes sapidus       0.80 0.96 0.75 

Notemigonias chrysoleucas    0.25 0.57 0.33    

Palaemonetes spp. 0.33 0.38 0.50       

unidentified fish 0.67 0.62 0.50 0.50 0.42 0.67 0.20 0.04 0.25 

Zygoptera    0.25 0.01 0.33     

Total values 3 0.65 2 4 5.88 3 5 8.26 4 
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Table 2.4--continued. 
 

November 96 

 Juvenile Subadult Adult 
 n=7 n=3 n=3 
Prey N M F N M F N M F  

Ameiurus nebulosus       0.25 0.76 0.33 

Amia calva       0.25 0.16 0.33 

Fundulus seminolis    0.20 0.77 0.33    

Lepomis macrochirus    0.20 0.17 0.33    

Lepomis spp.       0.25 0.06 0.33 

Lucania parva    0.20 0.02 0.33    

Microgobius gulosus 0.56 0.69 0.57       

Palaemonetes spp. 0.33 0.15 0.29 0.40 0.04 0.33    

unidentified fish 0.11 0.16 0.14    0.25 0.01 0.33  

Total values 9 1.14 7 5 7.50 3 4 14.78 3 

 

February 97 

 Juvenile Subadult Adult 

 n=2 n=3 n=1 

Prey N M F N M F N M F  

Callinectes sapidus    0.17 0.61 0.33    

Lepomis macrochirus    0.17 0.05 0.33    

Lucania parva 0.75 0.96 0.50 0.33 0.03 0.33    

Menidia beryllina       1.00 1.00 1.00 

Microgobius gulosus    0.17 0.11 0.33    

Micropogonias undulatus    0.17 0.19 0.33    

Zygoptera 0.25 0.04 0.50        

Total values 4 1.32 2 6 14.07 3 6 4.32 1  
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Discussion 
 
 

 The predatory fish community described in this study is consistent with species 

previously documented in the lower St. Johns River (Continental Shelf Associates, Inc. 1988, 

1993).  Freshwater predators dominated the oligohaline and tidal freshwater portions of the St. 

Johns River, with marine predators being relatively unimportant.  McLane (1955) showed that 

marine predators are more important in higher-salinity sites located closer to the mouth of the 

river;  however, Vallisneria beds are restricted to oligohaline and freshwater habitats in the St. 

Johns River. 

 Results from this study confirm the importance of vegetation in structuring fish 

communities of the lower St. Johns River.  Structurally-complex Vallisneria beds contained a 

greater abundance of predatory fishes than did structurally-simple sand habitats, which is similar 

to patterns of distribution found in smaller prey taxa (Orth and Heck 1980, Stoner 1983, Orth et 

al. 1984, Heck et al. 1989).  The inhibition of foraging success associated with increased 

structural complexity allows both predators and prey to coexist in vegetated habitats (Crowder 

and Cooper 1982).  Additionally, some fishes use vegetation as cover when ambushing prey 

(Hobson 1979), allowing predators to capture prey in vegetated habitats (Savino and Stein 

1989a);  whereas, predatory fishes that use stalking still suffer decreased foraging efficiency in 

dense vegetation (Minello and Zimmerman 1983).  In fact, largemouth bass have been shown to 

switch foraging strategies based on vegetation density (Savino and Stein 1989a, 1989b) and prey 

species (Savino and Stein 1989a). 

 Besides the effect of habitat on the abundance and species richness of predatory fishes, 

community composition differed between habitats as a result of species-specific habitat 

preferences.  Most of the dominant predators associate themselves with beds of Vallisneria, 
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which supports the idea that predators select habitats based on resource availability.  Savino and 

Stein (1989a) showed that both largemouth bass and northern pike (Esox lucius) preferred 

vegetated portions of experimental arenas, and northern pike showed a distinct preference for 

shallow, vegetated areas close to shore in a Canadian lake (Chapman and MacKay 1984).  

Similarly, McLane (1955) concluded that each of the species associated with Vallisneria beds in 

this study, except largemouth bass, preferred vegetated habitats.  McLane (1955) indicated no 

habitat preference for largemouth bass, however reports from the Florida Game and Fresh Water 

Fish Commission (1984, 1987) indicate that largemouth bass are more abundant in vegetated 

portions of the river. 

 Two species were preferentially associated with open sand habitats:  longnose gar and 

channel catfish.  McLane (1955) similarly reported that longnose gar was most frequently found 

on the surface of the main channel in open water, and that channel catfish preferred deeper, 

sublittoral habitats.  He further explained that nocturnal feeding activity was performed in 

shallower, vegetated habitats for both of these species.  Similar migrations have been found in 

bluestriped grunts (Haemulon  sciurus), which move to grass beds each night in order to forage 

(McFarland et al. 1979, Burke 1995). 

 When addressing the question of seasonal variation in the composition of predatory fish 

communities, there are conflicting results.  Seasons had no effect on the abundance of predator 

communities as a whole.  Seasonal effects were apparent, however, when the richness and 

specific composition of the predatory fish communities was considered.  There was a low 

concordance of species ranks, indicating that communities change from season to season.  This 

may be a result of having few individuals of some species, especially marine predators. Although 

most marine predators were only caught in one month suggesting seasonal importance, there 
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were too few caught to make any strong conclusions.  There was, however, one marine predator, 

the southern flounder, present throughout the year.  This trend helps to verify the seasonal 

presence of euryhaline marine species in the lower St. Johns River. 

 Marine predators were not abundant in this portion of the river;  however, marine species 

do contribute to the prey community (McLane 1955, Continental Shelf Associates, Inc. 1988, 

1993).  Largemouth bass in this system preyed upon at least nine species of both marine and 

freshwater fish in addition to three invertebrate species.  In contrast, Keast (1979) showed that 

largemouth bass in a Canadian lake were specialist feeders, having only one or two fish species 

in their diet. 

 Additionally, there was an ontogenetic shift in the diets of largemouth bass.  Rainwater 

killifish and grass shrimp were identified in all three size classes of largemouth bass, but there 

was little overlap between the diets of juveniles and adults.  The inclusion of silversides in the 

diet of adults, but not juveniles at the same site (Scratch Ankle, February 1997) is suprising.  

Stoeckel and Heidinger (1992) describe silversides as important to juveniles rather than adults, 

and Boxrucker (1986, cited by Stoeckel and Heidinger 1992) reported that stocking inland 

silversides resulted in increased growth rates of juvenile, but not adult largemouth bass. 

 Ontogenetic diet shifts exhibited by largemouth bass can be explained by optimal 

foraging theory, which predicts that predators will select prey items that maximize energetic 

gain.  Predatory fish exhibit ontogenetic diet shifts based on their ability to capture larger prey as 

they themselves grow (Osenberg and Mittelbach 1989, Olson 1996).  Larger prey items, such as 

catfish and blue crabs, are more profitable than smaller prey, and are, therefore, selected by 

larger predators (Tarrant 1960, Hambright 1991, Rice et al. 1993). 
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 In conclusion, both habitat and seasonal effects were important in structuring predatory 

fish communities in the lower St. Johns River.  Differences in predator abundance, species 

richness, and community composition were evident between Vallisneria beds and adjacent sand 

flats.  Additionally, species composition shifted on a seasonal scale, with marine predators 

showing a seasonal presence.  Communities were, however, dominated by freshwater species 

throughout the year.  Furthermore, prey selection is also apparent as largemouth bass exhibit 

ontogenetic diet shifts. 
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CHAPTER 3 
 

ONTOGENETIC SHIFTS IN HABITAT USE 
BY LARGEMOUTH BASS 

 
 

Introduction 

 Risk of predation, foraging efficiency, and a host of other factors affect habitat use by 

fishes (Kramer et al. 1997).  The relative importance of these factors to habitat use decisions 

changes as fishes grow, resulting in size- and age-structured communities (Werner et al. 1983a, 

1983b, Mittelbach 1984, Werner and Hall 1988, Olson et al. 1995).  For example, larval and 

juvenile fishes experience greater mortality rates than older (i.e., larger) cohorts because small 

fishes are more vulnerable to gape-limited predators.  In order  to reduce their vulnerability to 

gape-limited predators, many small fishes occupy structured habitats (Lima and Dill 1990).  

Juvenile bluegill limit their habitat use to densely vegetated littoral zones, and increase their use 

of open-water habitats as they become too large for gape-limited predators to consume (Werner 

et al. 1983b, Werner and Hall 1988, Hayse and Wissing 1996).  Ontogenetic shifts in habitat use 

also reflect changes in the relative importance of foraging efficiency.  As fish grow, their ability 

to maneuver through dense vegetation and efficiently capture prey decreases (Glass 1971, 

Crowder and Cooper 1982, Savino and Stein 1982, Stoner 1982, Savino et al. 1992), resulting in 

a reduction in energetic gain.  The optimum habitat for a given size fish, therefore, should 

provide a balance between maximal energetic gain and minimal risk of predation (Mittelbach 

1981). 

 Largemouth bass are keystone predators in many freshwater systems (Mittelbach et al. 

1995).  During their larval and juvenile stages, largemouth bass are restricted to dense 

vegetation, which provides a refuge from predation (Olson et al. 1995).  For example, juvenile 
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largemouth bass use dense beds of tapegrass throughout the oligohaline and tidal freshwater 

portions of the lower St. Johns River, Florida (Jordan 1997).  Throughout their ontogeny, 

however, largemouth bass remain associated with beds of vegetation in the lower St. Johns River 

(Chapter 2), and in other aquatic ecosystems (Savino and Stein 1989a, Olson 1996).  Since their 

large size provides a considerable refuge from predation, the continued use of vegetated habitats 

by largemouth bass is likely a result of greater prey abundance and diversity contained therein. 

 At the mesohabitat scale (i.e., beds of vegetation vs. open sand), largemouth bass do not 

appear to alter habitat use throughout their ontogeny.  Largemouth bass of all age classes 

predominately used vegetated habitats, with few individuals being caught in the open sand 

habitat (Chapter 2).  However, largemouth bass may exhibit ontogenetic shifts in habitat use at 

the microhabitat scale (i.e., among varying levels of vegetation density).  In response to 

decreasing maneuverability, foraging efficiency, and consequently, growth rate in highly 

complex habitats (Glass 1971, Savino and Stein 1982, Gotceitas and Colgan 1987, Hayse and 

Wissing 1996), largemouth bass may increase their use of less complex portions of vegetated 

habitats and open sand as they increase in size.  Previous researchers offered largemouth bass a 

dichotomous choice between habitats (e.g., Gotceitas and Colgan 1987, Savino and Stein 1989a);  

however, little research has examined selection among a range of habitat complexities (e.g., 

Johnson et al. 1988). 

 In this laboratory study, ontogenetic changes in habitat use at the microhabitat scale were 

examined by offering juvenile, subadult, and adult largemouth bass a choice among four blade 

densities of artificial tapegrass.  Habitat selection is dependent on relative risk of predation and 

foraging efficiency;  therefore, I hypothesize that juvenile largemouth bass will exhibit a strong 
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preference for densely vegetated habitats, and that use of the high density habitat will decrease 

with increasing size of largemouth bass. 

Methods 

 Juvenile (<125 mm standard length, SL), subadult (125-200 mm SL), and adult (>200 

mm, SL) largemouth bass were collected from the lower St. Johns River by pulsed DC 

electrofishing and returned to the lab.  Size classes corresponded to age 0, 1, and 2+ largemouth 

bass in Florida (Hoyer and Canfield 1996).  Fish were maintained in holding tanks on a diet of 

live mosquitofish (Gambusia  holbrooki) ranging from 5-30 mm SL and grass shrimp, and 

acclimated to laboratory conditions for at least seven days prior to being used in the experimental 

trials. 

 A behavioral arena (118 x 118 x 59 cm deep) was divided into four sections.  The bottom 

of the arena was covered with 3-4 cm of clean sand and filled to a depth of 50 cm with 

dechlorinated tap water.  One of four blade densities (0, 50, 250, and 1000 blades/m2) of artificial 

vegetation was randomly assigned to each section of the arena.  Blade densities correspond to 

those used by Savino and Stein (1982), and will hereafter be called none, low, medium, and high, 

respectively.  Artificial vegetation consisted of dark green and black plastic strips (2 cm wide, 50 

cm long) anchored to plastic mesh squares (55 x 55 cm) that were buried under the sand in each 

section of the arena.  Artificial vegetation resembled tapegrass, which is the dominant 

submergent aquatic vegetation in the oligohaline and tidal freshwater portions of the lower St. 

Johns River (DeMort 1991).  All trials were run outdoors under indirect, natural lighting between 

07:00 and 16:00 EST. 

 Each trial consisted of adding a single fish to the arena and allowing it to acclimate for 30 

minutes.  The location of the fish was recorded after the acclimation period and again every 10 
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minutes for one hour (N=7 observations per fish).  Observations were made by approaching the 

arena from a random direction and locating the fish.  There was no noticeable response to this 

method by any of the largemouth bass being observed throughout the experiment.  Each 

observation was ranked according to the vegetation density occupied (none=1, low=2, 

medium=3, and high=4), and an index of habitat use was calculated for each fish by taking the 

mean of the seven observations.  After observations were made, the fish was removed, and 

observations were made using a new fish of another size class, and individual fish were used 

once during the experiment.  After each trial, the arena was drained and vegetation plots were 

reassigned to different sections. Each size class of largemouth bass was run once per day in a 

random order to minimize a time-of-day effect.  The experiment was carried out over six days 

(N=6 trials).  Levene’s test indicated that variance was unequal among size-classes;  therefore, 

Friedman’s method for randomized blocks was used, followed by nonparametric multiple 

comparisons (Sokal and Rohlf 1995). 

 

Results 

 Habitat use varied among size classes of largemouth bass (X2=7.75, P<0.025;  Figure 

3.1), with the overall use of the high density habitat decreasing from 98% in juveniles to 24% in 

adults (Figure 3.2).  Multiple comparisons showed significant differences between juveniles and 

both subadults and adults (P=0.05 and P<0.05, respectively), but no difference between 

subadults and adults (P>0.05).  The non-vegetated habitat was avoided by all fish tested with the 

exception of one subadult. 

 

Discussion 
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 Largemouth bass of all sizes showed strong preferences for structured, vegetated habitats 

at the mesohabitat scale, which is consistent with the distribution of largemouth bass in the lower 

St. Johns River (Chapter 2) and in other systems (e.g., Johnson et al. 1988, Savino and Stein 

1989a, Olson 1996).  The results of this study also demonstrate  that at the microhabitat scale, 

preference for increased vegetation density decreases with increasing size of largemouth bass.  

That is, largemouth bass shift to less dense habitats throughout their ontogeny. 

Juvenile largemouth bass occupied high density habitats almost exclusively, which is likely a 

result of the reduced risk of predation associated with complex vegetation (Crowder and Cooper 

1982, Savino and Stein 1982, Miranda and Hubbard 1994).  Risk of predation often restricts 

juvenile fishes to habitats that provide a measure of safety.  Juvenile bluegill, for instance, often 

utilize vegetated habitats, even at the expense of foraging under suboptimal conditions, until they 

grow beyond the capability of their predators to physically consume them (Hall and Werner 

1977, Mittelbach 1981, Werner and Hall 1988).  Similarly, threespine stickleback fry 

(Gasterosteus  aculeatus) select vegetated habitats as a refuge from cannibalistic adults, and 

move farther away from the protective cover with increasing size (Foster et al. 1988).  Prey 

fishes have even been shown to shift habitat use after introducing a predator (Johnson et al. 1988, 

Gotceitas and Colgan 1987, Gotceitas and Brown 1993, Jordan et al. 1996).  Although risk of 

predation may be an  
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Figure 3.1.  Mean (+ 1 SE) habitat use index values for juvenile, subadult, and adult largemouth 
bass.  Means with different letters are significantly different (α=0.05). 
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Figure 3.2.  Percentage of time that juvenile, subadult, and adult largemouth bass occupied each 
vegetation density in the behavioral arena.  Values are based on seven observations made on 
each of six fish for each age-class of largemouth bass. 
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important factor in habitat selection decisions of juveniles, it is probably less important to 

subadult and adult largemouth bass, because risk of predation declines as a function of size.  As 

increased size provided a refuge from predation, reliance upon habitat complexity for protection 

decreased.  As a result, subadult and adult largemouth bass showed a reduced preference for the 

high density habitat. 

 Patterns of habitat use, especially for larger fishes, also reflect foraging profitability 

(Werner and Hall 1976, Werner et al. 1983a, Holbrook and Schmitt 1984).  Juvenile fish 

remained in high density vegetation because it is not only the safest habitat, but it also provides 

the greatest prey abundance (Stoner 1983).  The foraging efficiency of juvenile largemouth bass 

is not affected by increasing habitat complexity (Anderson 1984, Chapter 4);  however, larger 

predators suffer a reduction in foraging efficiency with increasing complexity (Johannes and 

Larkin 1961, Vince et al. 1976, Ryer 1988), due to a reduction in maneuverability (Glass 1971, 

Stoner 1982).  In response to decreasing foraging efficiency, largemouth bass select lower 

complexity habitats with increasing size. 

 Subadults were the only fish to venture into the open sand in this experiment.  

Largemouth bass have shown a similar ontogeny of habitat use in an Arizona lake, where small-

sized individuals occupied littoral areas, groups of intermediate largemouth bass occupied open-

water habitats for foraging, and large adults associated themselves near submerged structures 

(Wanjala et al. 1986).  Furthermore, a cohort of subadult largemouth bass split into offshore and 

shoreline groups (Van Den Avyle 1976).  Those in the offshore group were generally larger than 

the shoreline group, which reflects the protection afforded by vegetation. 

 Results of this study may reflect limitations in the design related to scale and edge 

effects.  Each section of the arena was large enough to hold even the largest adult used;  
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however, each plot of vegetation did not mimic natural beds of vegetation.  Fish often utilize the 

edges of vegetated habitats, remaining in close proximity to the protective cover (Ferrell and Bell 

1991).  If this were the case, however, juveniles may have selected sections of the arena adjacent 

to the high density habitat.  Also, the tails of adult-sized largemouth bass were occasionally 

located in an adjacent habitat plot.  To avoid scale effects, future studies could be conducted in 

larger-scale mesocosms, or under in situ conditions in the field. 

 The results of this experiment were consistent with ontogenetic patterns of habitat 

selection in populations of largemouth bass at the mesohabitat scale.  On a finer scale, 

largemouth bass also exhibited an ontogeny of habitat selection.  Preference for lower density 

habitats with increasing size may be a result of the relative importance of predation risk and 

foraging profitability. 
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CHAPTER 4 
 

EFFECTS OF VEGETATION DENSITY ON 
PREY SIZE SELECTION BY JUVENILE LARGEMOUTH BASS 

 
 

Introduction 

 Predatory fishes are not distributed randomly within estuarine systems, but rather appear 

to select among available habitat types.  For example, largemouth bass are significantly more 

abundant in beds of submergent aquatic vegetation than they are in adjacent non-vegetated sand 

flats within the lower St. Johns River, Florida (Chapter 2).  Habitat selection decisions are 

influenced by a variation in factors such as relative risk of predation, foraging efficiency, and 

physiochemical conditions (see review in Kramer et al. 1997).  For example, largemouth bass 

prefer progressively less-complex habitats as they grow (Chapter 3) and become relatively 

invulnerable to most gape-limited predators.  Predator diets may reflect decisions in habitat use.  

For example, increasing habitat complexity often results in increased diet breadths of predatory 

fishes (Werner and Hall 1974, Vince et al. 1976, Anderson 1983, 1984).  In addition, habitat 

complexity often reduces the foraging efficiency of predatory fishes beyond a threshold level of 

vegetation density (Nelson 1979, Gotceitas and Colgan 1989) by decreasing maneuverability 

(Glass 1971, Stoner 1982) or prey detection (Savino and Stein 1982).  More specifically, habitat 

complexity can affect various components of foraging, such as search time (Anderson 1984, 

Ryer 1988, Savino and Stein 1989b), detection distance, and encounter rates (Anderson 1984). 

 These components of foraging have implications for prey selectivity.  The size of prey 

selected is dependent on the costs associated with capturing and handling prey items.  Predators 

commonly select prey smaller than the maximum size allowed by mouth gape (Hoyle and Keast 

1987), because handling time rises sharply with increasing prey size (Mittelbach 1981, Hoyle 
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and Keast 1987).  Largemouth bass, the dominant predator in the littoral areas of the lower St. 

Johns River, Florida (Chapter 2), have been shown to select small-sized prey in both laboratory 

conditions and in the field (Keast 1985, Hoyle and Keast 1987, Hambright 1991, Stoeckel and 

Heidinger 1992).  As foraging efficiency decreases with increasing habitat complexity, predators 

may select prey indiscriminately. 

 In this study, the effects of increasing vegetation density on the selection of different prey 

sizes and on overall foraging efficiency of juvenile largemouth bass were examined.  I 

hypothesize that juvenile largemouth bass will select small prey over large prey, and that 

preference for small prey will decrease with increasing vegetation density. 

 
Methods 

 Juvenile largemouth bass (65-100 mm SL;  mean and SD=76.7±10.0 mm) were collected 

from the lower St. Johns River and Lake Sampson (Bradford County, Florida) by pulsed DC 

electrofishing and returned to the lab.  Fish were maintained in holding tanks on a diet of live 

mosquitofish ranging from 5-30 mm SL and grass shrimp (10-25 mm carapace length).  

Rainwater killifish, the dominant prey of largemouth bass in the lower St. Johns River (Chapter 

2), were collected by seining, returned to the lab, and sorted into 5-mm size classes.  Rainwater 

killifish in the 16 to 20-mm and 26 to 30-mm SL size classes were used as small and large prey, 

respectively.  The small and large prey were approximately 23% and 37% the length of the 

largemouth bass predators, respectively;  however, the large prey were roughly 57% larger than 

small prey on average.  Largemouth bass were acclimated to laboratory conditions for at least 

seven days, and rainwater killifish were allowed to acclimate for at least 72 hours prior to being 

used in the experiment.  Individual fish were used only once during the experiment. 
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 Experiments were carried out in round (mean and SD=115.3±3.3 cm diameter) 

galvanized steel tanks.  The bottom of the tanks were covered with 3-4 cm of clean sand and 

filled to a depth of 50 cm with dechlorinated tap water.  One of four densities (0, 50, 250, and 

1000 blades/m2) of artificial vegetation was randomly assigned to each tank.  Vegetation 

densities correspond to those used by Savino and Stein (1982), and will hereafter be called none, 

low, medium, and high, respectively.  Artificial vegetation consisted of dark green and black 

plastic strips (2 cm wide, 50 cm long) anchored to round plastic mesh plots (110 cm diameter) 

that were buried beneath the sand.  Artificial vegetation resembled tapegrass, which is the 

dominant submerged aquatic vegetation in the oligohaline and tidal freshwater portions of the 

lower St. Johns River, Florida (DeMort 1991). 

 For each trial, five small and five large prey were added to each tank and allowed to 

acclimate for 30 minutes.  A single predator, which had food withheld for 72 hours, was then 

added to each arena to begin the trial.  All trials were run outdoors using natural lighting.  Each 

trial ran 24 hours, after which time the juvenile largemouth bass was removed, the remaining 

prey were counted, and the number of prey eaten of each size was determined by subtraction.  

Tanks were then emptied with a net placed over the drain, preventing any undetected fish from 

escaping.  Three replicates of each vegetation density were run in a day (blocking factor).  Two 

trials were run;  therefore, each habitat was replicated a total of six times. 

 The proportion of small rainwater killifish out of the total number of prey eaten by each 

predator was calculated as a measure of preference.  High values (>0.5) indicate a preference for 

small prey, low values (<0.5) indicate avoidance of small prey, and intermediate values (≈0.5) 

indicate random prey selection.  The mean proportion of small rainwater killifish eaten across all 

densities of vegetation was compared to 0.5 (random prey selection) using a t-test to determine 
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wether there was any preference for prey size.  Analysis of variance (ANOVA) was then used to 

test for the effect of vegetation density and day (blocking factor) on preference for small prey.  

Visual inspection of residual plots and Levene’s test indicated that data transformation was 

unnecessary. 

 To determine the effect of vegetation density on the foraging success of juvenile 

largemouth bass, the total number of prey (both size classes) eaten by each predator was used in 

an ANOVA.  The day tested was included as a blocking factor in the ANOVA.  Visual 

inspection of residual plots and Levene’s test indicated that data transformation was unnecessary. 

 
Results 

 Juvenile largemouth bass ate more small than large rainwater killifish in all four 

vegetation densities (Figure 4.1), and showed an overall preference for small prey (t=2.1, 

P=0.0477;  Figure 4.2).  However, preference did not vary significantly among vegetation 

densities (F=1.1, P=0.3559).  In addition, increasing vegetation density did not affect the 

foraging success of juvenile largemouth bass (F=0.9, P=0.4720).  The day tested had no effect on 

preference for small prey (F=1.6, P=0.2241), or the total number of prey eaten (F<0.1, 

P=0.8845). 

 Although behavior was not quantified, predators and prey usually remained close to the 

bottom of each tank, and near the sides when no vegetation was present.  Prey of both size 

classes formed small schools, which swam throughout the tanks, and occasionally ventured to 

the surface. 
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Discussion 

 Many gape-limited predators prefer small prey because increasing prey size results in a 

reduction in profitability due to increased handling time (Mittelbach 1981, Bence and Murdoch 

1986, Hoyle and Keast 1987).  However, reduced prey encounter rates and overall foraging 

efficiency at high densities of vegetation cause predators to have increased diet breadths as prey 

are taken indiscriminately (Werner and Hall 1974, Vince et al. 1976, Anderson 1983, 1984).  As 

a result, the proportion of profitable, small prey may decrease with increasing vegetation density 

as larger, sub-optimal prey are included in predator diets.  In this study, however, increasing 

vegetation density had no effect on prey size preference of juvenile largemouth bass. 

 Changes in preference would result from increased diet breadths at high vegetation 

densities, which is dependent on a reduction in prey encounter rates.  Juvenile largemouth bass 

may not be affected by the densities presented in this study.  For example, the threshold level of 

vegetation density, beyond which foraging efficiency is significantly reduced, is expected to 

decrease with increasing body size of predator (Gotceitas and Colgan 1989).  This is because 

smaller predators are able to maneuver through dense vegetation more easily than larger ones, 

making them more efficient predators in high complexity habitats (Johannes and Larkin 1961, 

Stoner 1982, Vince et al. 1976, Ryer 1988).  This increased efficiency may allow smaller 

predators to select preferred prey, even at higher vegetation densities. 
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Figure 4.1.  Mean (+ 1 SE) number of small and large rainwater killifish eaten by juvenile 
largemouth bass in each of four vegetation densities. 

 

 
Figure 4.2.  Mean (+ 1 SE) preference for small rainwater killifish by juvenile largemouth bass 
foraging in each of four vegetation densities. 
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 Additionally, increasing habitat complexity did not affect the foraging efficiency of 

juvenile largemouth bass.  Similarly, Anderson (1984) found that the number of prey eaten by 

juvenile largemouth bass did not differ between high and low density habitats.  Predators in low 

complexity habitats capture prey quickly at first, and later consume fewer prey; whereas, 

largemouth bass in high complexity habitats capture prey steadily, but at a lower rate (Anderson 

1984). 

 A lack of reduced foraging efficiency with increasing habitat complexity is likely also a 

result of predator size.  Juvenile largemouth bass are, themselves, vulnerable to predation by 

larger piscivores (e.g., adult largemouth bass), and may forage more slowly when at a greater 

risk of being preyed upon.  As a result, foraging rates would be reduced in low complexity 

habitats, as small-sized predators adopt a strategy of movement minimization (Pough and 

Andrews 1985).  Furthermore, the threshold level of vegetation density, which is expected to be 

higher for juveniles (Gotceitas and Colgan 1989), may not have been reached in this study. 

 It would be interesting to test whether predator size affects threshold densities directly by 

adding predator size as a factor.  In order to do this, however, a deeper-bodied prey species (e.g., 

bluegill) should be used to provide a range of prey sizes.  An increased threshold level implies 

that juvenile largemouth bass are not faced with a tradeoff between foraging efficiency and 

refuge from predation when selecting habitats.  As a result, juveniles select highly complex 

vegetated habitats as a refuge from predation while still maximizing prey consumption. 
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CHAPTER 5 
 

EFFECTS OF VEGETATION DENSITY ON THE SELECTION 
OF CONSPECIFIC PREY BY LARGEMOUTH BASS 

 
 

Introduction 

 Predatory fishes commonly utilize vegetated habitats for foraging, likely due to the 

increased abundance and diversity of prey in highly complex habitats (Crowder and Cooper 

1982, Stoner 1983, Ferell and Bell 1991, Sogard and Able 1991).  For example, beds of 

vegetation support significantly more largemouth bass than adjacent sand flats in the lower 

portion of the St. Johns River, Florida (Chapter 2).  Foraging predators are faced with a tradeoff 

between increased prey abundance and decreased foraging efficiency with increasing vegetation 

density (Cooper and Crowder 1979, Crowder and Cooper 1982).  As a result, predator diets may 

change with increasing habitat complexity.  For example, largemouth bass exhibit increased diet 

breadths in highly complex habitats (Anderson 1983, 1984).  Foraging predators are likely to 

select preferred prey items in low complexity habitats.  However, habitat complexity can affect 

various aspects of foraging such as search time, detection distance, and prey encounter rates 

(Anderson 1984, Ryer 1988, Savino and Stein 1989b), causing predators to take prey 

indiscriminately (Werner and Hall 1974, Vince et al. 1976). 

 Prey selection is dependent on the costs associated with capturing and handling, as well 

as physically being able to swallow prey items.  Differences in prey morphology may affect a 

predator’s preference.  For example, predators commonly select soft-rayed fishes over spiny-

rayed fishes (Beyerle and Williams 1968, Eklöv and Hamrin 1989).  Another consideration of 

prey selection is the consumption of conspecifics.  Largemouth bass of all age-classes utilize 

vegetated habitats, and adults include juvenile largemouth bass in their diets (Chapter 2).  
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Cannibalism may stem from both ecological and social factors.  The absence of alternate prey 

may cause predators to consume juveniles of their own species, or adults may be removing 

potential competitors (FitzGerald and Whoriskey 1992).  Furthermore, conspecific prey have a 

high nutritional value, resulting in increased growth and fertility of cannibalistic predators 

(Meffe and Crump 1987). 

 There are, however, costs associated with cannibalism.  Cannibals are subject to 

increased risk of disease when consuming conspecific prey (Elgar and Crespi 1992).  When 

feeding on closely related kin, a cannibal may be reducing the frequency of its genes in the 

population, resulting in a reduction of fitness.  This is dependent on the degree of relatedness 

between the cannibal and its prey (Elgar and Crespi 1992).  These costs may make cannibalism 

an evolutionary mistake;  however, at high levels of vegetation density, foraging predators may 

include juvenile conspecifics in their diets as prey are taken indiscriminately. 

 In this study, the effects of increasing vegetation density on the selection of juvenile 

largemouth bass and rainwater killifish, the dominant prey item in the lower St. Johns River, 

Florida (Chapter 2), by adult largemouth bass predators was examined.  I hypothesize that 

foraging largemouth bass will select against conspecific prey when alternate prey are available;  

however, as vegetation density increases, selection for juvenile largemouth bass will increase 

until prey are taken in equal proportions. 

 

Methods 

 Largemouth bass (200-360 mm SL) were collected from the lower St. Johns River, 

Florida by pulsed DC electrofishing and returned to the lab.  Predators were maintained in 

holding tanks on a diet of live mosquitofish ranging from 5-30 mm SL and grass shrimp (10-25 

mm carapace length), and acclimated to laboratory conditions for at least seven days prior to use.  
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Juvenile largemouth bass were obtained from Shongaloo Fisheries, Hampton, Florida.  

Rainwater killifish, the dominant prey item of largemouth bass in the lower St. Johns River 

(Chapter 2), were collected from the river by seining.  Both prey species were allowed to 

acclimate to laboratory conditions for at least 72 hours prior to being used in the experiments.  

Individual predators were used only once during the experiment, however surviving prey were 

returned to a common holding tank and may have been reused. 

 Experiments were carried out in round (mean and SD=115.3±3.3 cm diameter) 

galvanized steel tanks.  The bottom of the tanks were covered with 3-4 cm of clean sand and 

filled to a depth of 50 cm with dechlorinated tap water.  One of four densities (0, 50, 250, and 

1000 blades/m2) of artificial vegetation was randomly assigned to each tank.  Vegetation 

densities correspond to those used by Savino and Stein (1982), and will hereafter be called none, 

low, medium, and high, respectively.  Artificial vegetation consisted of dark green and black 

plastic strips (2 cm wide, 50 cm long) anchored to round plastic mesh plots (110 cm diameter) 

that were buried beneath the sand.  Artificial vegetation resembled tapegrass, which is the 

dominant submergent aquatic vegetation in the oligohaline and tidal freshwater portions of the 

lower St. Johns River (DeMort 1991). 

 For each trial, five juvenile largemouth bass (mean and SD=28.7±1.8 mm SL) and five 

rainwater killifish (mean and SD=26.7±2.3 mm SL) were added to each tank and allowed to 

acclimate for 30 minutes.  Although the mean length of juvenile largemouth bass were 

significantly (t=7.0, P<0.0001) greater than rainwater killifish, I treated them as equal size for 

this experiment since there was only a 2-mm length difference.  A single adult largemouth bass, 

which had food withheld for 72 hours, was then added to each arena to begin the trial.  Each trial 

ran for 24 hours, after which time the predator was removed and the remaining prey were 
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counted.  The arenas were then emptied with a net placed over the drain, preventing any 

undetected fish from escaping, and the number of prey eaten of each species was determined by 

subtraction.  Feeding trials in each habitat were replicated five times. 

 The proportion of juvenile largemouth bass out of the total number of prey eaten by each 

predator was calculated as a measure of preference.  High values (>0.5) indicate a preference for 

conspecifics, low values (<0.5) indicate avoidance of conspecifics, and intermediate values 

(≈0.5) indicate random prey selection.  The mean proportion of juvenile largemouth bass eaten 

across all densities of vegetation was compared to 0.5 (random prey selection) using a t-test to 

determine weather there was any overall avoidance.  Three predators did not consume any prey 

(2 in the low and 1 in the medium vegetation), and were dropped from the analysis.  In addition, 

Levene’s test indicated unequal variances among vegetation densities, and arcsine-

transformation did not homogenize variances.  Therefore, the Kruskal-Wallis test was used 

instead of analysis of variance (ANOVA) to test for the effect of vegetation density on 

preference of juvenile largemouth bass. 

 
Results 

 Rainwater killifish were eaten in greater numbers than juvenile largemouth bass in all 

densities of vegetation (Figure 5.1).  There was an overall avoidance of juvenile largemouth bass 

(t=2.5, P=0.0222;  Figure 5.2);  however,  preference did not vary significantly among vegetation 

densities (X2=2.27, P=0.5176).  Predators and prey remained close to the bottom, and when no 

vegetation was present, most fish stayed near the sides.  Prey of both species formed small 

schools, and rainwater killifish swam at the surface on occasion, but generally remained near the 

sides at the lower vegetation densities. 
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Discussion 

 Largemouth bass predators exhibited a preference for rainwater killifish prey, which may 

reflect differences in prey morphology.  Predatory fishes often select soft-rayed fishes over 

spiny-rayed fishes (Beyerle and Williams 1968, Eklöv and Hamrin 1989).  Conversely, adult 

perch (Perca  fluviatilis) select juvenile conspecifics over soft-rayed roach (Rutilus  rutilus) in 

both vegetated and non-vegetated habitats, likely due to antipredatory behaviors (e.g., schooling) 

exhibited by roach (Christensen and Persson 1993).  In this study, both prey species tended to 

form small schools, thereby making them equally accessible to predators, suggesting that there is 

a true preference for rainwater killifish. 

 The magnitude of this preference should have decreased with increasing vegetation 

density.  Reduced prey encounter rates and overall foraging efficiency at high densities of 

vegetation cause predators to have increased diet breadths as prey are taken indiscriminately 

(Werner and Hall 1974, Vince et al. 1976, Anderson 1983, 1984).  However, increasing habitat 

complexity had no effect on prey preference by adult largemouth bass.  Similarly, increasing 

vegetation density does not change the selection for preferred size of prey by juvenile 

largemouth bass (Chapter 4).  In fact, there was a slight reduction (though not significant) in the 

proportion of juvenile largemouth bass  
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Figure 5.1.  Mean (+1SE) number of rainwater killifish and juvenile largemouth bass eaten by 
adult largemouth bass in each of four vegetation densities. 
 

 

 

Figure 5.2.  Mean (+ 1 SE) preference for juvenile largemouth bass by adult largemouth bass 
foraging in each of four vegetation densities. 
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consumed with increasing vegetation density.  This trend suggests that increased structure 

influences the availability of prey differently.  For example, pinfish have narrower diet breaths in 

highly structured habitats, as certain amphipod species are encountered at lower rates than other 

species (Stoner 1982).  Preference for rainwater killifish may, therefore, simply reflect the ability 

of juvenile largemouth bass to evade foraging predators in highly structured habitats. 

 Juvenile largemouth bass comprised about 40% of adult largemouth bass diets by 

number, and cannibalism occurred in 88% of adult largemouth bass in this experimental lab 

study.  The importance of conspecific prey and the occurrence of cannibalism in largemouth bass 

is considerably lower in the field where juvenile largemouth bass constituted 2% of adult 

largemouth bass diets by number, and only one largemouth bass (<3%) exhibited cannibalism 

(Chapter 2).  The higher rate of cannibalism in this lab experiment than in the field may, 

however, be an artifact of captivity (Nesbit and Meffe 1993).  Such an artifact may have affected 

preference for juvenile largemouth bass.  In the field, rainwater killifish constituted more than 

twelve times the number of conspecifics in largemouth bass diets (Chapter 2);  whereas, they 

were taken in closer proportions in the lab.  The results of this experiment may simply reflect 

prey availability, since both prey were offered in equal proportions in the lab.  However, 

rainwater killifish were taken in a higher proportion than their availability (0.32 vs. 0.13) in the 

field (Jordan 1997). 
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CHAPTER 6 
 

CONCLUSION 
 
 

 Submergent aquatic vegetation plays a significant role in structuring predatory fish 

communities in the lower portion of the St. Johns River.  The distribution of predatory fishes is 

dependent on processes operating at the mesohabitat (i.e., vegetated vs. non-vegetated) and 

microhabitat (i.e., among different vegetation densities) scales.  At the mesohabitat scale, beds of 

Vallisneria contained a greater abundance of predatory fishes than adjacent sand flats and each 

of these habitats were characterized by a distinct predatory fish community (Chapter 2).  The 

predatory fish community also changed on a seasonal scale, reflecting the estuarine nature of this 

system (Chapter 2). 

 At the microhabitat scale, largemouth bass exhibited an ontogeny of habitat use, as larger 

fish decreased their use of high density plots of vegetation (Chapter 3).  Increased size provides a 

measure of protection from gape-limited predators, thereby reducing the protective value of 

vegetation (Werner 1983a, 1983b, Werner and Hall 1988).  Furthermore, increasing habitat 

complexity often results in a decrease in foraging efficiency as predators suffer a reduction in 

maneuverability (Glass 1971, Crowder and Cooper 1982, Savino and Stein 1982, Gotceitas and 

Colgan 1987, Savino et al. 1992).  However, this study showed that foraging efficiency does not 

play a significant role in habitat use by small juvenile largemouth bass.  Foraging efficiency is 

generally reduced beyond a threshold level of vegetation (Gotceitas and Colgan 1987).  

However, given their small size, juvenile largemouth bass did not suffer a reduction in foraging 

efficiency as vegetation density increased (Chapter 4), suggesting that habitat use decisions by 

small fishes are based on risk of predation. 
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 Vegetation density generally affects the foraging efficiency of predatory fishes (e.g., 

Savino and Stein 1982).  Previous researchers have found that increasing habitat complexity 

results in increased diet breadths (e.g., Anderson 1984).  This implies that predators are less 

discriminatory in prey consumption at high levels of vegetation density.  Selection for preferred 

prey should therefore have declined until prey are taken at equal rates.  In contrast, diet breadths 

will decrease with increasing habitat complexity if some prey are more difficult to detect at 

higher vegetation densities (Stoner 1982), suggesting that more evasive prey (whether preferred 

or not) will drop out of a predator’s diet at high densities of vegetation.  In this study, however, 

juvenile largemouth bass exhibited a preference for small rainwater killifish (Chapter 4), and 

adult largemouth bass preferred rainwater killifish to juvenile conspecifics (Chapter 5).  

Preference remained constant at all levels of vegetation density in both cases, suggesting that 

vegetation density does not affect the diet breadths of largemouth bass. 
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ABSTRACT 
 

 Few studies evaluate the abundance and distribution of grass shrimp (Decapoda: 

Palaemonetes) in the oligohaline and tidal freshwater portions of an estuary.  In order to address 

this gap, I examined the seasonal patterns of habitat use by grass shrimp along the estuarine 

gradient in the oligohaline and tidal freshwater portions of the Lower St. Johns River Basin, 

Florida.  Four species of grass shrimp (P. intermedius, P. paludosus, P. pugio and P. vulgaris) 

were found in this portion of the estuary in which the absolute and relative abundances varied 

considerably along the estuarine gradient.  In addition, all four species of grass shrimp were 

consistently more abundant in tapegrass (Vallisneria americana) than in adjacent sand flats.  I 

performed laboratory experiments to determine the possible mechanisms responsible for the 

patterns of habitat use observed in the field.  In the absence of predatory largemouth bass 

(Micropterus salmoides), grass shrimp used the vegetated and unvegetated portions of the 

experimental tanks equally.  However, with the addition of largemouth bass grass shrimp 

significantly increased their use of the vegetated portion of the tank.   

 Studies of life history characteristics of grass shrimp illustrate much geographic variation.  

Sub-optimal and/or fluctuating environmental conditions (e.g. salinity) are hypothesized to 

contribute to the variation observed in life history characteristics.  I examined the seasonal and 

spatial patterns of ovigerous grass shrimp in the Lower St. Johns River Basin.  Ovigerous 

females were detected during three of the four sampling periods, possibly indicating that grass 

shrimp in the St. Johns River are not continuous spawners.  Abundances of ovigerous females 

were greatest at two oligohaline stations (Buckman and Moccasin Slough).  However, life 

history characteristics (female length and mass, mean number of ova, mean individual ova mass, 

total ovary mass) differed significantly between these two locations.  Field and laboratory studies 
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indicate that grass shrimp assemblage structure and reproduction are influenced by both abiotic 

and biotic factors in the Lower St. Johns River Basin.    
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INTRODUCTION 
 

 Grass shrimp of the genus Palaemonetes (Decapoda: Palaemonidae) are important 

members of food webs in estuarine systems throughout U.S. Atlantic and Gulf coasts (Williams, 

1984; Anderson, 1985).  Omnivorous grass shrimp convert significant amounts of primary 

productivity, detritus, and meiofauna into biomass for higher trophic groups (Odum and Heald 

1972; Welsh, 1975; Sikora, 1977; Morgan, 1980; Anderson, 1985; Kneib, 1985, 1987, 1988, 

1991).  Therefore, knowledge of spatial and temporal variation in the abundance of grass shrimp 

is critical to understanding food web structure in estuarine systems. 

  

Habitat Use by Grass Shrimp 

 On a local scale, the abundance of grass shrimp may vary considerably among habitat 

types.  Beds of submerged aquatic vegetation and other structurally complex habitats generally 

support greater numbers and species of macroinvertebrates than do unvegetated habitats (see 

reviews in Heck and Orth, 1980; Orth et al., 1984 and Heck and Crowder, 1991).  Variation in 

predation risk, resource availability, and other factors contribute to differences in abundance 

among habitat types (Heck and Crowder, 1991).  For example, the ability of predators to detect 

and capture prey is greatly reduced in structurally-complex beds of submerged aquatic vegetation 

(Ivlev, 1961; Vince et al., 1976; Van Dolah, 1978; Coen et al., 1981; Crowder and Cooper, 1982; 

Savino and Stein, 1982; Stoner, 1982).  

 

Distribution of Grass Shrimp in Estuaries 

 Over larger spatial scales, grass shrimp abundance and assemblage structure may vary 

along environmental gradients (e.g. salinity) within estuarine systems.  Salinity tolerance by 
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some species of grass shrimp overlap considerably.  Coexistence of grass shrimp species may be 

mediated by subtle differences in salinity tolerance and shifting competitive abilities related to 

osmoregulatory physiology (Knowlton and Williams, 1970; Dunson and Travis, 1991).  In 

addition, variation in nutrient enrichment, supply of larval recruits, availability of suitable 

habitats, and abundance of predators are other factors that can affect the abundance of grass 

shrimp across estuarine systems (Anderson, 1985).  Surprisingly, most studies of grass shrimp 

neglect the oligohaline (0.5-5 ppt) and tidal freshwater portions of an estuary and frequently 

emphasize local variation within mesohaline (5-18 ppt) portions of estuaries.  

 

Seasonal Variation in Grass Shrimp Abundance 

 Variation in the abundance of grass shrimp may also reflect seasonal changes in 

environmental conditions, availability of recruits and/or predation by transient organisms (Wood, 

1967; Kneib and Knowlton, 1995).  For example, factors such as plant community composition, 

salinity, temperature, and oxygen levels vary considerably among seasons.  Local populations of 

grass shrimp must tolerate changing conditions, move to more suitable locations, or go extinct.  

Inter- and intraspecific differences in reproductive phenology and larval recruitment may 

contribute to variation in assemblage structure (e.g. Alon and Stancyk, 1982).  Temporal 

variation in habitat use and distribution of grass shrimp may reflect changes in environmental 

conditions as well as seasonal changes in recruitment. 

 

Reproductive Ecology of Grass Shrimp 

 Organisms inhabiting heterogeneous environments often exhibit variation in female size, 

number of ova per clutch, size of individual ova, and other life history characteristics.  For 
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example, many of these life history characteristics vary within and between geographical 

populations of the grass shrimp P. pugio (Wood, 1967; Welsh, 1975; Sikora, 1977; Provenzano 

et al., 1978; Alon and Stancyk, 1982).  Variation in life history characteristics of grass shrimp 

likely reflects differences among habitats and locations within estuaries.   For example, 

differences in reproductive ecology of a species such as P. pugio, may represent energetic 

tradeoffs between energy allocated towards reproductive processes and osmoregulation 

(Sandifer, 1973; Alon and Stancyk, 1982; Lowe and Provenzano, 1990).  There have been few 

studies of variation in reproductive ecology of grass shrimp inhabiting oligohaline and tidal 

freshwater portions of estuaries.  Palaemonetes pugio, believed to be a recent invader of 

freshwater areas (Dobkin, 1963; Sandifer, 1975; Knowlton and Kirby, 1984; Knowlton and 

Schoen, 1984), may exhibit variable life-history characteristics in different salinity regimes. 

 

Objectives of Thesis Research 

 Few studies have examined spatial and seasonal variation in the distribution and habitat 

use of grass shrimp in the oligohaline and tidal freshwater portions of estuaries.  In order to 

address this gap, I carried out a field study to examine seasonal variation in habitat use by grass 

shrimp within the estuarine portion of the Lower St. Johns River Basin, Florida.  A 1-m2 throw 

trap was used to compare grass shrimp abundance and assemblage structure between beds of 

Vallisneria americana and adjacent, unvegetated sand flats.  Collections were made at nine 

widely separated locations to determine 1) whether observed patterns of habitat use were 

consistent across a large spatial scale (90 km) and 2) whether assemblage structure varied along 

an estuarine salinity gradient.  Next, I performed laboratory experiments to test whether patterns 

of habitat use observed in the field could be explained in part by avoidance of predatory fishes.  
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Finally, I used ovigerous grass shrimp from my field study to examine spatial and temporal 

variation in the life-history characteristics of grass shrimp within the Lower St. Johns River 

Basin.  

  

MATERIALS AND METHODS 
 

Study Area 

 The St. Johns River is the largest river in Florida with a drainage basin of approximately 

23,000 km2 (Fig.1).  It originates from the second largest freshwater marsh in the state, located in 

parts of St. Lucie, Indian River, and Okeechobee counties.  The river extends approximately 460 

km from the headwaters to where it empties into the Atlantic Ocean at Mayport (east of 

Jacksonville).  Daily tidal fluctuation is evident as far upstream as Lake George, approximately 

140 km from the Atlantic Ocean.  The area between Palatka and Jacksonville is an estuarine 

system.  My study area was the 90 km of river between Palatka (least saline station) and Bolles 

School in Jacksonville, Florida (most saline station). 

 The dominant submerged aquatic plant in this portion of the river is tapegrass 

(Vallisneria americana), which grows in thick beds in the shallow, well-lit subtidal zone.  These 

grass beds are limited to oligohaline and fresh water portions of the river and are not located 

much farther downstream of the Bolles School, which is the boundary of my study area.  

 

Field Sampling 

 This study was part of a larger project evaluating the importance of beds of submerged 

aquatic vegetation to fish communities in the St. Johns River (F. Jordan, in preparation). Six 1-

m2 throw trap samples were obtained haphazardly from both Vallisneria beds and adjacent sand 
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flats at each station.  Organisms were removed from throw traps with a 1-m bar seine (3-mm 

mesh) until three consecutive empty bar seine sweeps were obtained.  Throw traps provide 

accurate density estimates for mobile organisms smaller than 100 mm total length (Rozas and 

Minello, 1997).  Sampling was performed at four oligohaline stations (Bolles, Buckman, 

Julington Creek and Moccasin Slough) and five tidal freshwater stations (Orangedale, Bayard 

Point, Scratch Ankle, Federal Point and Palatka) during the months of August and November 

1996, and February and May 1997.   A total of 432 throw traps samples (9 sites x 2 habitats x 6 

traps x 4 months) were collected.  Grass shrimp were preserved in 10% buffered formalin.  In the 

laboratory, grass shrimp were identified to species, weighed collectively to the nearest 0.0001 g, 

and measured to the nearest 1.0 mm total length (length from tip of rostrum to end of telson).  

Ovigerous females were weighed with ova removed and then ova were enumerated and weighed 

collectively to obtain a wet biomass estimate to the nearest 0.0001 g. 

 Abundance data violated the assumptions of normality and homogeneity of variances 

required for parametric comparisons (Sokal and Rohlf, 1995).  Therefore, nonparametric 

Wilcoxon signed-ranks tests were used to compare densities and biomass of grass shrimp in beds 

of submerged aquatic vegetation and adjacent sand flats.  Similarly, nonparametric Kruskal-

Wallis tests were used in lieu of analyses of variance to compare densities of grass shrimp among 

the nine sampling locations.  Multivariate analysis of variance (MANOVA) was used to test 

whether the relative abundance of the four species of grass shrimp collected varied among 

sampling periods and locations (Scheiner, 1993). 

 Sufficient numbers of P. pugio were collected to analyze variation in reproductive 

ecology.  Regression analysis was used to quantify relationships between number of ova, total 

ovary mass, female length and female mass.  I used Wilcoxon signed-rank tests to compare 
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reproductive parameters between Buckman and Moccasin Slough because most ovigerous grass 

shrimp were found at these two stations.  Analysis of variance (ANOVA) or Kruskal-Wallis tests 

were performed to test for possible sampling location and seasonal differences. 

 

Habitat Selection Experiment 

Palaemonetes pugio were seined from Buckman and predatory largemouth bass 

(Micropterus salmoides) were captured by electro-shockingVallisneria beds in Lake George. 

Experimental organisms were transported to the laboratory and maintained separately in large, 

aerated holding tanks.  Largemouth bass were used as predators because they are abundant in the 

St. Johns River and they commonly feed on grass shrimp (Bartolini, 1998).  Individual grass 

shrimp (n=96; 19-31 mm total length; mean=24.9 + 2.6 mm SD) and largemouth bass (n=6; 78-

96 mm standard length) were used once during the experiment. 

 Habitat selection experiments were conducted in 114-L rectangular tanks filled to a depth 

of ≈35 cm with dechlorinated tap water.  Back and sides of each tank were covered with blinders 

to minimize external disturbances.  The bottom of each tank was covered with 2-3 cm of clean 

sand and divided into two equal sections.  One section of each tank was left bare to simulate a 

sand flat, whereas the other section contained artificial grass mats to simulate Vallisneria 

americana.  Artificial grass mats were made by tying thin (<0.5 mm) strips of dark plastic (700 

mm height x 15 mm width) to plastic mesh buried under the sand.  The density of artificial grass 

blades used in this experiment was 3256 per m2, which falls within the reported range (338 to 

3505 per m2) found in the Lower St. Johns River Basin (St. Johns River Water Management 

District, unpublished data).  I used artificial grass mats to eliminate the possibility that grass 
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shrimp were selecting grass to feed on epiphytic organisms found on living tapegrass and/or 

tapegrass itself (Anderson, 1985).   

 I ran control and predator trials over a period of days.  Eight grass shrimp were added to 

the center of each tank and allowed to acclimate for 30 minutes.  After the acclimation period, 

the number of grass shrimp in the sand portion of each tank was counted once every 10 minutes 

for 1-h.  I then either added a satiated predator (fed <20 minutes prior to trial) to the center of 

predator tanks or simulated the addition of a predator in control tanks by disturbing the water's 

surface.  After a second 30-min acclimation period, I counted the number of grass shrimp in the 

sand portion of each tank once every 10 minutes for one hour.  The experiment was replicated 

six times.  At the end of each trial, grass shrimp were captured and counted.  No grass shrimp 

were consumed by the bass during any trial and dead grass shrimp (n=2) were not included in 

statistical analyses.  Tanks were drained, scrubbed, and rinsed between trials.  Position of 

artificial grass mats and bare sand were reversed after each trial.  

 Counts of grass shrimp in sand were converted to proportion of shrimp in grass.  Paired 

and unpaired t-tests were then used to compare the proportion of grass shrimp using artificial 

Vallisneria in control and predator trials during the pre- and post treatment observation periods.  

 

RESULTS 

 

Differences between Habitats 

 A total of 3582 grass shrimp was collected during this study.  A total of 3563 were 

collected in Vallisneria (99.5% of the total catch), whereas only 19 grass shrimp were collected 

in sand flats.  Average density of grass shrimp was significantly higher (x2= 202.8, p<0.001; Fig. 
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2) in Vallisneria (16.4+ 4.8 SE shrimp per m2) than in adjacent sand flats (0.1 + 0.6 SE shrimp 

per m2).  Similarly, average biomass of grass shrimp was significantly higher (x2=208.4, 

p<0.001) in Vallisneria (0.783 g per m2) than in sand flats (0.002 g per m2).  Four species of 

grass shrimp were found in the lower St. Johns River during this study.  Palaemonetes pugio 

(86.4%), P. paludosus (6.9%), P. intermedius (5.7%), and P. vulgaris (1.0%) were collected 

from Vallisneria, whereas only P. pugio (84.2%), P. intermedius (10.5%) and P. vulgaris (5.3%) 

were collected from sand flats. 

 

Differences among Locations 

 Grass shrimp abundance (x2=106.6, p<0.001; Fig. 3) and relative abundance of each 

species (Wilks' Lambda=0.07, p<0.001; Fig. 4) varied among sampling locations within the 

Lower St. Johns River Basin, Florida.  Moccasin Slough (station 6) supported the greatest 

abundance of grass shrimp and densities of grass shrimp were generally higher in the oligohaline 

sites than in the tidal freshwater sites (Fig. 3).  Assemblage structure of grass shrimp varied 

along the estuarine gradient.  Palaemonetes pugio dominated oligohaline locations, whereas P. 

paludosus dominated tidal freshwater locations. 

 

Differences among Sampling Periods 

 The total abundance of grass shrimp showed temporal variation (x2=11.24; p=0.01), with 

the highest densities in February (Fig. 5). Total abundance of juveniles (6-22 mm) was lowest in 

May and greatest in November and February (Fig 6).  Total abundance of adults (>22 mm) was 

greatest in February and May, and lowest in August.  Relative abundance of the four species did 

not vary significantly among sampling periods (Wilks' Lambda=0.57, p=0.38; Fig. 7). 
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Habitat Selection Experiment 

 Grass shrimp altered their behavior when exposed to largemouth bass.  Prior to bass 

introduction or the control disturbance, grass shrimp moved into and out of sand areas freely.  In 

both habitats, grass shrimp would typically swim along the margins of the tank, swim along the 

surface of the water or walk on the sand.  The average proportion of grass shrimp found in 

artificial Vallisneria during the pre-treatment observation period for both control and predator 

trials did not differ statistically (t10=0.28, p=0.79; Fig. 8). In addition, the average proportion of 

grass shrimp found in artificial Vallisneria did not differ statistically (t10=0.34, p=0.74) between 

the pre- and post treatment observation periods in control trials. 

 In the predator trials, grass shrimp used sand habitats less and were observed either 

walking along the bottom or remaining motionless low in the water column.  The average 

proportion of grass shrimp in artificial Vallisneria for the pre-treatment observation period was 

significantly lower (t10=4.74; p<0.001; Fig. 8) than in the post treatment observation period.  The 

average number of grass shrimp in the artificial Vallisneria during the post treatment observation 

period of the predator trials was significantly greater (t10=10.57; p<0.001) than in control trials 

(Fig. 8). 

 

Reproductive Ecology 

 A total of 281 (≈8% of total catch) ovigerous females was collected during this study. 

Palaemonetes pugio and P. intermedius comprised 96% and 4% of the ovigerous females, 

respectively.  One ovigerous P. vulgaris and no ovigerous P. paludosus were collected.  

Although there were no ovigerous P. paladosus collected during this study, ovigerous females 
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were observed at Federal Point in July/August of 1997 while collecting for a separate experiment 

(personal observation).  All ovigerous females were found in Vallisneria beds and wet mass 

ranged from 0.077 to 0.370 g.  Sizes of ovigerous females ranged from 23-39 mm total length.    

The number of ovigerous females varied seasonally and by locality.  Significantly more 

(x2=17.99; p<0.001) ovigerous females were collected in May 1997 (4.7 + 0.7 SE per m2) than in 

the other months during this study (Fig. 9).  In addition, no ovigerous females were collected in 

November 1996.  The number of ovigerous females at Moccasin Slough (6.9 + 1.0 SE per m2) 

was significantly greater (x2=18.41; p=0.018) than that of all other stations (Fig. 10).  No 

ovigerous females were collected from Palatka.   

 Clutch size increased with female mass (R2=0.50; p<0.001) and female length (R2=0.56, 

p<0.001) (Fig. 11 and 12).  Total ova mass also increased with female mass (R2=0.23; p<0.001) 

and female length (R2=0.21; p<0.001) (Fig. 13 and 14).  An average P. pugio size female (31.8 

mm + 3.0 mm SD; 0.19 g + 0.05 g SD) produced an average of 164.4 + 69.4 SD ova with an 

average wet mass of 0.05 g + 0.03 g SD.  The mean number of ova produced by a female at 

Buckman was significantly higher (x2=30.74; p<0.001) than any other stations (Fig. 15).  

Individual ova mass produced by a female differed significantly among stations (x2=27.35; 

p<0.001) (Fig. 16).   

There were significant differences in the reproductive ecology of grass shrimp collected 

from Buckman and Moccasin Slough.  Palaemonetes pugio at Buckman were significantly 

longer (x2=25.44; p<0.001) and had greater mass (x2=5.15; p=0.023) than those at Moccasin 

Slough (Table 1).  In addition, Buckman females had significantly more ova (x2=43.87; 

p<0.001), greater individual ova mass (x2=25.89; p<0.001) and greater total ovary mass 

(x2=100.99; p<0.001) when compared to P. pugio at Moccasin Slough (Table 1).  
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DISCUSSION 

 
Habitat Use by Grass Shrimp 

 Grass shrimp were more abundant in Vallisneria beds than in adjacent sand flats within 

the Lower St. Johns River Basin.  Similarly, grass shrimp were more abundant in vegetated 

habitats in Chesapeake Bay (e.g. Heck and Thoman, 1984; Heck and Orth, 1980).  In general, it 

appears that the abundance and diversity of fishes and macroinvertebrates is higher in 

structurally complex habitats than in structurally simple habitats (e.g. Heck and Orth, 1980; Heck 

and Crowder, 1991). 

 Variation in availability of prey, risk of predation, and other factors contribute to patterns 

of differential habitat use observed in aquatic systems (e.g. McIvor and Odum, 1988; Heck and 

Crowder, 1991).  Of these factors, risk of predation has received the most attention because of 

the prevalence of top-down (i.e. predator mediated) effects in aquatic food webs (e.g. Strong, 

1992; Mittlebach et al., 1995).  Large, predatory fishes directly and indirectly affect population 

size and habitat use of vulnerable prey species (Sih, 1987).  Therefore, natural selection has 

favored the evolution of preferences for structurally complex habitats such as Vallisneria beds 

because vegetation reduces the ability of visually oriented predators to detect efficiently and 

capture prey (e.g. Heck and Crowder, 1991). 

 My laboratory experiments indicate that grass shrimp alter their behavior to minimize 

their risk of predation.  Grass shrimp increased their use of artificial Vallisneria regardless of 

whether the largemouth bass was located in the grass or sand portion of tanks (personal 

observation).  Therefore, it would seem that grass shrimp were selecting artificial Vallisneria and 

not simply moving away from predators.  Savino and Stein (1989), Sogard and Olla (1993), and 
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Jordan et al. (1996) also found that vulnerable prey remained in experimental plots of vegetation 

despite the presence of a predator. 

 

Distribution of Grass Shrimp in Estuaries 

 I found considerable variation in the abundance of grass shrimp among sampling 

locations within the Lower St. Johns River Basin.  In general, grass shrimp were much more 

abundant in the oligohaline portions of this estuarine system.  It seems the effects of salinity on 

grass shrimp growth and population regulation are complex (Alon and Stancyk, 1982; Anderson, 

1985; Vernberg and Piyatiratitivorakul, 1998).  Both fluctuating salinity (Alon and Stancyk, 

1982) and low salinity (Vernberg and Piyatiratitivorakul, 1998) reduce the growth rates of P. 

pugio.  Moreover, ingestion rates decrease at lower salinites (7-21 ppt at ≈15°C) while excretion 

rates increase at lower salinities (7 ppt) regardless of the corresponding temperatures (15-35°C) 

(Vernberg and Piyatiratitivorakul, 1998).  In fact, juvenile P. pugio allocate much (58%) of their 

ingested energy to egestion (Vernberg and Piyatiratitivorakul, 1998). 

 Interspecific differences in osmoregulatory abilities further complicate conclusions drawn 

from the effects of salinity on grass shrimp growth and population regulation (Knowlton and 

Williams, 1970).  The four species of grass shrimp co-occurring in the St. Johns River fall along 

a continuum of salinity tolerances and preferences (Knowlton and Schoen, 1984; Anderson, 

1985).  Palaemonetes paludosus is characteristic of freshwater habitats, P. pugio and P. 

intermedius are typically found in oligohaline (0.5-5 ppt) and mesohaline (5-18 ppt) conditions, 

and P. vulgaris is typically found in mesohaline (5-18 ppt) and polyhaline (18-30 ppt) 

conditions.  In general, I found strong concordance between the osmoregulatory abilities of these 

species and their relative abundance along a salinity gradient in the lower St. Johns River.  
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Although all four species can tolerate the range of salinities found throughout the study area, it is 

likely that salinity mediates the outcome of competitive interactions among these species and 

plays a significant role in determining their assemblage structure (Dunson and Travis, 1991). 

 Although not addressed in this study, nutrient enrichment is another factor that can cause 

variation in the size of grass shrimp populations throughout the Lower St. Johns River Basin.  

Oligohaline locations receive considerable runoff from urban and agricultural activities and these 

nutrients contribute to enhanced primary production (St. Johns River Water Management 

District, unpublished data).  This enhanced primary production results in high densities and 

biomass of grass shrimp in other culturally eutrophic systems (Beck and Cowell, 1976).  Future 

research should use multifactorial experiments to quantify the relative importance of salinity, 

nutrient enrichment, and other factors on grass shrimp population size and assemblage structure. 

 

Seasonal Variation in Grass Shrimp Abundance 

 I found that the abundance of grass shrimp varied among sampling periods in the Lower 

St. Johns River Basin.  Expected peak densities coincided with an influx of new recruits.  

Recruits in November and February join the adult population in February and May.  The 

considerable decrease in the abundance of adults collected in August possibly indicates that grass 

shrimp may complete their life cycle near August.  The life span of summer recruits of P. pugio 

in two South Carolina estuaries varied between six and ten months (Alon and Stancyk, 1982).  

Vernberg and Piyatiratitivorakul (1998) noted that ovigerous grass shrimp migrate to higher 

salinities from lower salinities to release their larvae.  However, I found no evidence of gravid 

grass shrimp moving downstream into oligohaline portions of the estuary. 
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 Assemblage structure did not vary significantly among sampling periods.  While no 

severe environmental perturbations occurred during the study period (i.e. severe flooding or 

drought conditions), the relative location of oligohaline and tidal freshwater portions in the St. 

Johns River often varies with annual hydrologic cycles (DeMort, 1991).  The oligohaline portion 

of the river extends considerably upstream during drought years (St. Johns River Water 

Management District, personal communication).  In contrast, the tidal freshwater portion of the 

river expands during flood years.  The relative abundance of the four species of grass shrimp is 

likely to shift in concert with transitions in local salinity regimes (Knowlton and Schoen, 1984). 

 

Reproductive Ecology of Grass Shrimp 

 Of the four species of Palaemonetes found during this study, P. pugio was the only 

species to have large numbers of ovigerous females.  No ovigerous female P. pugio were 

collected during the month of November, indicating that P. pugio may not spawn continuously 

during the year.  Other researchers have also noted discontinuous spawning in P. pugio (Wood, 

1967; Sikora, 1977; Anderson, 1985).   

Abundance of ovigerous females peaked in May.  Palaemonetes eggs hatch 12-60 days 

after fertilization (Anderson, 1985).  In addition, it takes 14-21 days for P. pugio to reach the 

postlarval/juvenile stage (Sandifer and Smith, 1979).  Thus, P. pugio juveniles should be 

detected in May through August.  However, juveniles were found throughout the study period 

and reached peak abundance in November and February.  Detection of juveniles in November 

and February could be the result of slowed growth rates during the fall and winter months when 

temperatures are cooler.  Low temperatures contribute to slowed growth in both field (Wood, 

1967; Welsh, 1975) and laboratory experiments (Vernberg and Piyatiratitivorakul, 1998).  
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Moreover, nutritional and physiological factors can slow growth rates.  It is also feasible that 

ovigerous females were not adequately sampled or that ovigerous females use different habitats.  

Wood (1967) found greater numbers of ovigerous P. pugio females in July within a tributary of 

Galveston Bay, Texas, whereas Sikora (1977) found peaks in abundance of ovigerous females 

during the months of July, August and September in two South Carolina estuaries.  Increased 

water temperature has been associated with an increase of ovigerous P. pugio females (Wood, 

1967; Alon and Stancyk, 1982; Vernberg and Piyatiratitivorakul, 1998).  

 There were significantly more ovigerous females at Buckman and Moccasin Slough.  In 

addition, P. pugio produced significantly more ova per female at the Buckman station.  

Therefore, it appears that spawning varies from location to location within the Lower St. Johns 

River Basin.  Vernberg and Piyatiratitivorakul (1998) stated that ovigerous female must migrate 

from areas of low salinity to areas of higher salinity.  I found no evidence of such a movement in 

the Lower St. Johns River Basin.  Buckman and Moccasin Slough may have well established 

populations of grass shrimp because these stations have increased food resources, better 

environmental conditions and/or less predation.  

 Size-specific fecundity (e.g. female length and number of ova) is often highly correlated 

in crustacean studies (see Somers, 1991 for review).  Female length and female mass are usually 

good predictors of clutch size and ovary mass.  In the Lower St. Johns River Basin an average P. 

pugio female will produce an average clutch size of 164.4 + 69.4 SD ova.  The average number 

of eggs per P. pugio female in this study was appreciably lower (≈150-200 less) than that found 

by Sikora (1977), Welsh (1975) and Wood (1967).  Smaller clutch sizes in the Lower St. Johns 

River Basin may be due to a variety of factors that affect reproductive ecology, including 

salinity, nutrient loading and primary productivity and risk of predation. 
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 Evaluating other reproductive variables such as ovigerous female length and mass, 

number of ova, individual ova mass and total ovary mass in relation to female length and mass 

can provide valuable information regarding potential and realized fitness.  Ovigerous P. pugio at 

Buckman are longer, heavier, produce more ova, have greater individual ova mass and total 

ovary mass than Moccasin Slough.  These differences cannot be explained solely from this study.  

Therefore, further studies should be conducted to determine why these differences vary among 

stations.  Certainly differential predation on larger ovigerous females (Nixon and Oviatt, 1973), 

nutrient enrichment (Beck and Cowell, 1976) and physiological maintenance (Vernberg and 

Piyatiratitivorakul, 1998) affect how much ingested energy is allocated towards reproductive 

purposes.   

 

SUMMARY AND CONCLUSIONS 
 

 
 Grass shrimp of the genus Palaemonetes (Decapoda: Palaemonidae) inhabit beds of 

Vallisneria throughout the estuarine portion of the St. Johns River.  The structural complexity of 

Vallisneria provides protection from many fish predators, including largemouth bass 

(Micropterus salmoides).  Vallisneria, like other forms of, reduces predation by creating a visual 

obstruction in addition to decreasing a predator's maneuverability in the vegetation (Mittlebach, 

1984; Savino and Stein, 1989).  My laboratory experiments revealed that grass shrimp habitat 

use varied with risk of predation.  When predators were absent, P. pugio utilized both habitats of 

the experimental tanks equally, thereby indicating no habitat preference.  However, once a 

largemouth bass (Micropterus salmoides) was added to the experimental tank, P. pugio restricted 

its use of the sand habitat and significantly increased its use of the artificial Vallisneria, 

indicating a strong preference for artificial Vallisneria in the presence of a predator.  This 
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provides further evidence that grass shrimp prefer structurally complex habitats due to the risk 

associated with predation.  

  Salinity gradients in the Lower St. Johns River Basin may affected grass shrimp 

assemblage structure over a large spatial scale (90km) because of interspecific differences in 

osmoregulatory physiology.  P. pugio was the most abundant species in the oligohaline stations 

and the first two tidal freshwater stations, whereas P. paludosus was most abundant in the last 

three tidal freshwater stations.  This pattern was expected due to the fact that P. pugio can 

tolerate a wider range of salinity compared to P. paludosus (Anderson, 1985).  However, it is 

quite remarkable to discover how far upstream P. pugio have dispersed.  It is also fair to assume 

that P. pugio have successfully colonized these lower salinity areas because Moccasin Slough 

contained the greatest number of ovigerous females.  However, the reproductive potential is 

greatest at Buckman.  Ovigerous females in this population produce more ova per female and 

heavier ova.  Moreover, ovigerous females in this population are longer, have more mass and 

invest more energy into total ovary mass.  Variation in P. pugio life history characteristics has 

been detected in previous studies (e.g. Alon and Stancyk 1982).  However, further experimental 

studies are needed to determine how abiotic factors (i.e. salinity and temperature) affect life-

history characteristics of grass shrimp in the oligohaline and tidal freshwater portions of a 

drainage basin.  

 Grass shrimp abundance was greatest in February and ovigerous females were most 

abundant in May.  No ovigerous females were detected in November, thereby indicating that P. 

pugio are not continuous spawners.  Other studies in the southeastern United States have also 

found P. pugio not to be a continuous spawner (e.g. Wood, 1967; Sikora, 1977; Anderson, 1985).  

Adult size class decreased considerably in August, comprising only 20% of the total.  This 
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decrease in abundance probably indicates that the life cycle of grass shrimp is completed within 

a year. 
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Table 1: Variation in the life history characteristics of P. pugio at Buckman and Moccasin 

Slough, two oligohaline stations in the Lower St. Johns River Basin, Florida.  Standard errors are 

in parentheses. 

 

 

 

 

Stations  

Life history variable Buckman Moccasin Slough 

Mean total length (mm) 33.1 (0.3) 31.1 (0.2) 

Mean mass (g) 0.200 (0.006) 0.183 (0.004) 

Mean number of ova 207.5 (7.0) 144.8 (4.8) 

Mean individual ova mass (g) 2.83 x 10-4 (2.0-5) 2.77 x 10-4 (1.0-5) 

Mean ovary wet mass (g) 0.288 (0.013) 0.207 (0.009) 
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Figure 1: Map of the Lower St. Johns River Basin, Florida.  Stations 1-9 are in the tidal 

freshwater portion of the river.  Stations 6-9 are in the oligohaline portion of the river.  The 

blackened area represents mesohaline (5-18 ppt), the hatched area represents oligohaline (0.5-5 

ppt) and the whitened area represents the tidal freshwater portion of the river. 
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Figure 2: Mean ± 1 SE (n=3582) density per m2 of grass shrimp sampled in the Vallisneria beds 

and sand flats within the Lower St. Johns River Basin, Florida. 
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Figure 3: Mean ± 1 SE (n=3563) grass shrimp abundance at the nine station located in the 

Vallisneria beds of the Lower St. Johns River Basin, Florida. 
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Figure 4: Relative abundances for the four species of grass shrimp (Palaemonetes) at the nine 

station numbers.  Palaemonetes pugio is most numerous at oligohaline and first two tidal 

freshwater stations.  Palaemonetes paludosus is most numerous at the last three tidal freshwater 

stations. 
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Figure 5: Mean ± 1 SE (n=3563) density grass shrimp abundance for the August and November, 

1996 and February and May, 1997 of the Lower St. Johns River Basin, Florida. 
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Figure 6: Total grass shrimp abundance for August and November, 1996 and February and May, 

1997 in the Vallisneria beds of the Lower St. Johns River Basin, Florida.  
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Figure 7: Relative abundances for the four species of grass shrimp (Palaemonetes) during 

August and November, 1996 and February and May, 1997. 
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Figure 8: Mean + 1 SE proportion of grass shrimp found in the artificial Vallisneria portion of 

the experimental tank for the control and predator trials.   

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Pretreatment Post treatment

Observation period

Control

Predator

 
 
 
Figure 9: Mean + 1 SE (n=270) density of ovigerous P. pugio sampled during the months of 

August and November 1996, and February and May 1997, in the Lower St. Johns River Basin, 

Florida.   
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Figure 10: Mean + 1 SE (n=270) density of ovigerous P. pugio sampled at the nine stations in 

the Lower St. Johns River Basin, Florida. 
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Figure 11: Regression of ovigerous P. pugio clutch size versus female wet mass (g) sampled in 

the Lower St. Johns River Basin, Florida.   
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Figure 12: Regression of ovigerous P. pugio clutch size versus female length (mm) sampled in 

the Lower St. Johns River Basin, Florida.   
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Figure 13: Regression of ovigerous P. pugio total ova wet mass (g) versus female wet weight (g) 

sampled in the Lower St. Johns River Basin, Florida. 
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Figure 14: Regression of ovigerous P. pugio total ova wet mass (g) versus female length (mm) 

sampled in the Lower St. Johns River Basin, Florida. 
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Figure 15: Mean ± 1 SE (n=44,374) number of ova produced by a single ovigerous P. pugio 

female in the Lower St. Johns River Basin, Florida. 
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Figure 16: Mean + 1 SE individual ova mass produced by a single ovigerous P. pugio female in 

the Lower St. Johns River Basin, Florida.  
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ABSTRACT 
 

 

Estuaries are characterized by gradients in salinity, habitat structure, and other environmental 

conditions.  I examined how these environmental gradients affected distribution of larval 

damselflies in the estuarine portion of the St. Johns River, Florida.  Three species of damselfly 

larvae were collected: Enallagma durum (93%), E. pollutum (7%), and E. divigans (<1%). 

Larval abundance varied among study sites ranging from oligohaline to tidal freshwater. 

Enallagma durum was the dominant species throughout the estuary.  Acute salinity tolerance 

experiments indicated that salinity did not directly affect survival of damselfly larvae.  However, 

salinity appears to affect distribution of damselfly larvae indirectly by limiting the availability of 

preferred habitats—beds of submerged aquatic vegetation.  In the field, larval abundance was 

significantly greater in beds of submerged aquatic vegetation than in adjacent sand flats and was 

positively correlated with plant biomass.  Previous research suggests that preference for 

submerged aquatic vegetation is an adaptive behavior that minimizes exposure to abundant 

estuarine predators.  The abundance of damselfly larvae did not vary among collection periods, 

suggesting that reproduction occurred throughout much of the year.  The results of this study 

suggest that the distribution of damselfly larvae in the St. Johns River estuary is regulated by 

small-scale factors associated with habitat type (e.g., risk of predation). 
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INTRODUCTION 

 
����������������������������������������������������������������������������������������������� Estuaries are characterized by a number of physical and chemical gradients (Day et al. 

1989).  Salinity gradients produce longitudinal zonations of biota, ranging from freshwater to 

marine forms.  Although insects are notably absent from the marine environment, the larval 

stages of insects such as odonates, ephemeropterans, and dipterans appear to be abundant in 

estuaries (Williams and Williams 1998).  Factors such as salinity, habitat structure, and 

seasonality likely interact to regulate insect populations in estuaries.  

Salinity gradients represent a major form of chemical variability in estuaries that 

influences the distribution and abundance of aquatic insects.  The occurrence of freshwater 

insects in an estuary is dependent on the ability of insects to tolerate elevated and/or highly 

variable salinities (Williams and Williams 1998).  Salinity may also affect insects indirectly by 

influencing the distribution of preferred habitats in an estuary.  Different species of submerged 

aquatic vegetation vary in their salinity tolerances and preferences and therefore plant 

community composition changes predictably along a salinity gradient. 

Habitats differ from one another in the degree of structural complexity, species 

composition, and physiological conditions (Day et al. 1989).   Although, aquatic insects have 

developed adaptations for living in various types of habitats, vegetated areas in particular are 

known to provide valuable habitat for many insects by offering enhanced foraging opportunities 

and refuge from predation (Penak 1978, Crowder and Cooper 1982, Flecker 1984, Gillinsky 

1984, Hargeby 1990, Miura et al. 1990, Lombardo 1997, Solimini et al. 1997, Batzer et al.1998).  

The distribution of insects in estuaries should match the distribution of the habitats for which 

they are best adapted.   
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Insects must contend with considerable variation in temperature, salinity, and other 

environmental factors in seasonally dynamic estuaries.  Life history factors such as metabolism, 

growth, and emergence are regulated by temperature (Wallace and Anderson 1996) and the range 

of many insects is defined by temperature (Cummins and Merritt 1996).   Salinity also changes 

seasonally in response to annual variation in rain fall, river discharge, and tidal inundation (Day 

et al. 1989).  The distribution of insects within estuaries is affected by annual changes in salinity 

(Williams and Williams 1998a). 

In addition to natural variation in environmental conditions, the activities of humans can 

profoundly affect water quality, availability of suitable habitats, and other aspects of the function 

of aquatic ecosystems.  Insects are quite sensitive to these changes and, in recent years, they have 

been studied in efforts to monitor environmental quality and to restore endangered wetlands 

(Batzer and Wissinger 1996, Rosenberg and Resh 1996, Solimini et al. 1997).  However, most of 

this research has focused on the insects of lakes, streams, and other freshwater systems (Stickney 

1984, Batzer and Wissinger 1996, Stagliano et al. 1998, Williams and Williams 1998).  Few 

studies have examined how insects are distributed along estuarine gradients or evaluated the 

relative importance of biotic and abiotic factors in regulating insect populations within estuaries.   

Damselfly larvae (Class Insecta, Order Odonata) are among the most common large 

aquatic insects in the St. Johns River estuary.  I chose to study damselfly larvae in this system 

because they are reliable indicators of water quality (Solimini et al. 1997) and they are easy to 

collect and manipulate in experimental investigations.  I identified patterns in the distribution and 

habitat use of damselfly larvae in the field and performed a laboratory experiment to determine 

whether salinity accounted for distribution patterns observed in the field.  
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MATERIALS AND METHODS 

Life Cycle of Damselflies 

 Because the life cycle of damselflies includes an aquatic larval stage and a terrestrial 

adult stage, damselflies are common in and around the littoral zones of shallow ponds, streams, 

and coastal waters.  The following review of the life cycle of damselflies is modified from 

Dunkle (1990).  Female adults typically deposit eggs endophytically, using sharp caudal 

appendages called ovopositors to insert eggs into the tissue of submerged plants.  The length of 

the egg stage varies from one week to several months, depending on species, temperature, and 

other environmental conditions.  Larvae, once hatched from the egg, grow by shedding the 

cuticle of the exoskeleton; the number of larval growth stages, or instars, varies from six to 

seventeen, depending on species.  Larval life spans also vary from one month to three years, 

depending on species and temperature.  At the time of metamorphosis into adulthood, larvae 

usually climb onto emergent vegetation.  

Coenagrionidae is the most successful family of damselflies both in numbers of species and in 

abundance (Westfall and May 1996).  It is well represented in Florida, encompassing 75% of all 

damselfly species in the state (Dunkle 1990).  Most members of this family are lentic and crawl 

about on submerged aquatic vegetation.  They are typically ambush predators that feed on small 

invertebrates, including smaller damselflies (Dunkle 1990, Hilsenhoff 1991).  The big bluet, 

Enallagma durum, is a coenagrionid often found in estuaries (Dunkle 1990, Westfall and May 

1996) and is the most abundant species of damselfly larvae in the St. Johns River (field data).   

The range of E. durum extends south to Lake Okeechobee, north to Maine, west to Texas, and 

south to Tamaulipas, Mexico (Dunkle 1990).  
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Study Area 

The St. Johns River is the longest river in Florida and drains approximately 1/5 of the 

land area in the northeastern portion of the state (DeMort 1991; Figure 1).  It originates in 

freshwater marshes about 400 km south of Jacksonville.  From its headwaters, the St. John’s 

River flows north through Jacksonville and then turns east to empty into the Atlantic Ocean.  The 

lower 160 km of the river is tidally influenced due to shallow depth and low gradient, and is 

therefore considered estuarine.  The St. Johns River estuary can be divided into three sections 

based on average salinity: tidal freshwater (< 0.5 ppt), oligohaline (0.5- 5 ppt), and mesohaline 

(5-18 ppt) (Figure 1).  The two main habitat types present in the estuary are sand flats and 

submerged beds of Vallisneria americana, which are plentiful in the tidal freshwater section, but 

become sporadic and eventually scarce in the mesohaline portion of the river.  

The St. Johns River is affected by both urban and rural development along its length.  

Sewage, industrial discharge, agricultural runoff, and other pollutants flowing into the river and 

its tributaries alter water chemistry and ecosystem function by raising nutrient levels.  High 

nutrient concentrations promote the growth of macroalgae and suspended phytoplankton, which 

prevent sunlight from reaching beds of submerged aquatic vegetation.  Increased sedimentation 

rates in urban areas also contribute to reduced water clarity and diminish the amount of sunlight 

available to submerged aquatic plants. (Perkins1974, Stickney 1984, Harlin 1995).  Collectively, 

these environmental pressures result in the loss of grass beds and may adversely affect associated 

organisms. 

This research is part of a larger project funded by the St. Johns River Water Management 

District and is designed to provide baseline data on the status of fishes and invertebrates in the 

lower St. Johns River.  Nine study sites were selected for long-term monitoring (Figure 1).  
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These sites ranged from tidal freshwater (Palatka) to oligohaline (Bolles).  Areal extent of 

submerged aquatic vegetation among sites along with other differences in water chemistry and 

surrounding land use.  Within each site, a patch of Vallisneria and a nearby non-vegetated patch 

of sand or mud were located. 

 

Field Study 

Damselfly larvae and other organisms were collected using a 1-m
2 

aluminum throw trap 

(Jordan et al. 1997, Rozas and Minello 1997).  Once the trap was firmly embedded in the 

substrate, plants were removed and placed in a mesh bag.  Excess water was removed by 

swirling the bag, and the wet biomass was measured to the nearest gram.  A bar seine was then 

passed through the trap repeatedly until obtaining three consecutive sweeps containing no 

damselfly larvae.  Six replicate samples were collected within each habitat type (tapegrass vs. 

sand) at each of the nine sites during each collection season.  Samples were taken quarterly from 

May 1996 through August 1997 during daylight hours.  Damselfly larvae were preserved in 

formalin and later transferred to alcohol in the laboratory.  All damselfly larvae were identified 

to the species level.  Analysis of variance (ANOVA) was used to test for the effects of site, 

habitat, and season on the abundance of damselfly larvae.  I also tested for correlations between 

damselfly abundance and microhabitat features (i.e., plant biomass and depth). 

Salinity Tolerance Experiment 

 I performed an acute salinity tolerance experiment in the lab to test whether salinity 

contributed to distribution patterns observed in the field.  A total of 70 damselfly larvae 

(Enallagma durum) were exposed to 7 salinity treatments in the laboratory.  Water (25ppt) was 

diluted to 0, 2, 4, 6, 8, 10, 12, 16, and 20-ppt treatments.  Each larva was placed in a single 
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plastic 200 ml jar and observed approximately once per hour for a 48-hour period.  All molts and 

deaths were recorded.  Following the observation period, survivorship was quantified by 

assigning either a “1” for live larvae or a “0” for dead larvae.  Logistic regression was used to 

test for the effect of salinity on survival of damselfly larvae.  Logistic regression is analogous to 

analysis of variance for continuously distributed data. 

 

 

RESULTS 

 

 A total of 4,576 damselfly larvae were collected (n=108 throw traps).  Three species of 

the genus Enallagma were identified: E. durum, E. pollutum, and E. divigans.  Enallagma durum 

(93%) was by far the most abundant species in the system, followed by E. pollutum (7%), and E. 

divigans (<1%).  Species composition did not vary significantly among sites (Figure 2).   

 There was no seasonal variation in abundance of damselfly larvae (F5,88=1.9203, 

p=0.989), indicating that breeding by adult damselflies in the St. Johns River estuary likely 

occurs throughout the year (Figure 4).  These data are consistent with reported sightings of adult 

E. durum  (February 15-December 16) and E. pollutum (year-round) in Florida (Westfall and 

May 1996).  Emergence from the larval stage into adulthood also probably occurs year-round. 

Habitat accounted for 58% of the variation in total damselfly larvae abundance.  High 

densities of larvae were found to occupy Vallisneria beds relative to adjacent sand flats 

(F1,88=203.9493, p=0.0001, Figure 4).  Pairwise correlation tests indicated that abundance varied 

significantly as a function of plant biomass within Vallisneria beds (r =0.5619, p=0.0000, Figure 

5).  Water depth had no significant effect on plant biomass (r =-0.0913, p=0.5114, Figure 6) or 
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on larval abundance in grass beds (r=0.0236, p=0.8654).  Patterns of habitat use by damselfly 

larvae did not vary seasonally (F5,88=0.6731, p=0.6449).  

Sampling site accounted for 14% of the variation in larval abundance (Figure 7), 

reflecting a significant decrease in densities on the more saline end of the estuary (F8,88=6.0458, 

p=0.0001).  The biomass of Vallisneria beds also differed significantly among sites in the 

estuary (Figure 8).  

The results of the salinity tolerance experiment indicate that treatments ranging from 0 to 

20ppt had no significant effect on survival (log-likelihood analysis x2=0.73, p=0.995, Figure 9).  

 

 

DISCUSSION 

 

 My field data indicate that damselfly larvae of the St. Johns River estuary are 

significantly more abundant in Vallisneria grass beds than adjacent sand flats. I offer a few 

hypotheses to account for this pattern of habitat use.  First, adult damselflies typically ovoposit 

on aquatic vegetation, and larvae may not emigrate from the grass beds in which they were 

deposited.  Second, higher rates of predation on damselfly larvae in unvegetated habitats may 

account for the apparent tendency to inhabit grass beds.  Indeed, predation experiments 

demonstrated that a typical fish predator of damselfly larvae was significantly more successful in 

bare sand tanks versus those with grass (Frank Jordan and Stephanie Sanborn, unpublished data; 

Figure 10).  Thirdly, damselfly larvae may exercise a preference for vegetated habitats based on 

advantages such as increased foraging success and refuge from predators (Frank Jordan and 

Stephanie Sanborn, unpublished data; Figure 10).  
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I focused on the role of habitat as a predation refuge for damselfly larvae.  Damselfly 

larvae and other aquatic insects occupy intermediate trophic positions in aquatic food webs and 

are important prey items for fishes and larger invertebrates such as water beetles and dragonfly 

larvae (Duffy and LaBar 1994, Stagliano et al 1998).  The relationship between fish predation 

and the habitat use patterns of freshwater invertebrates has been well documented (Crowder and 

Cooper 1984, Flecker 1984, Gillinsky 1984, Main 1987, Diehl 1992, Wiseman et al. 1993).  The 

increased structural complexity of submerged aquatic vegetation relative to bare sand reduces the 

foraging efficiency of visual fish predators by limiting prey detection, capture success, and in 

dense vegetation, predator maneuverability (Crowder and Cooper 1984).  Additionally, 

damselfly larvae are more successful in avoiding fish predators by hiding rather than trying to 

escape by swimming (McPeek 1990).  

I also examined large-scale distribution patterns of damselfly larvae in the estuary.  

Previous studies investigating the distribution of aquatic insects have shown that patterns of 

zonation are often affected by spatial, temporal, and chemical factors (Gregg and Rose 1985, 

McPeek 1990, 1998, Miura et al. 1990, Solimini 1997, Williams and Williams 1998).  I 

hypothesized that damselfly larvae abundance in the St. Johns River estuary varies spatially 

along a salinity gradient.  Although larval abundance varied significantly among sites in the 

estuary, the results of the salinity tolerance experiment indicate that larval survival is not affected 

by salinity at concentrations representative of the sampling sites. 

Salinity may, however, influence the distribution of damselfly larvae among sites 

indirectly by affecting the quality of grass beds.  Gregg and Rose (1985) note that “…differential 

macrophyte distribution patterns make it difficult to separate the effects of plants on 

invertebrates from the effects of other variables.”  A pairwise correlation test indicated that larval 
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abundance is positively correlated with plant biomass; therefore, variation in the densities of 

Valisneria beds among sites due to salinity may contribute to the uneven distribution of larvae in 

the estuary.  Additionally, variation in macrophyte biomass can produce differential predation 

rates on damselfly larvae by both invertebrate and fish predators (Thompson 1987, Dionne 

1990).  Differences in larval abundance may then reflect differential predation rates based on 

variable macrophyte densities. 

Variations in the physiological conditions of grass beds may also influence larval 

distribution among sites in the estuary.  In areas where submerged vegetation is considerably 

shaded by floating macroalgae and cloudy water (e. g., suspended phytoplankton and sediments), 

decreased oxygen production by the macrophytes may limit use of the habitat by damselfly 

larvae as well as their prey.  Thus, Vallisneria beds of different sites may vary with respect to 

density, physiological conditions, and the associated fauna. 

While patterns of habitat use and distribution do not appear to differ for the two species 

of damselfly larvae, E. pollutum was much less abundant than E. durum, comprising only 7% 

(compared to 93% E. durum) of the total number of larvae in the estuary.  I may attempt to 

explain low counts of the species by suggesting that they are more sensitive to salinity than E. 

durum. However, this seems unlikely since E. pollutum was the most abundant at the second 

most saline site (8).  Behavioral experiments quantifying the relative success of the two species 

on a small spatial scale (i.e., foraging success, vulnerability to predation, competition) are needed 

to help identify the factors regulating species composition and abundance in the field. 

The results of this study demonstrate the importance of Vallisneria beds as refugia for 

damselfly larvae in the estuarine portion of the St. Johns River.  Data from the field (this study) 

and laboratory (Frank Jordan and Stephanie Sanborn, unpublished data) indicate that damselfly 
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larvae were more abundant in beds of Vallisneria than in adjacent sand flats and that larvae 

prefer vegetated substrates over bare sand.  The results of predation experiments suggest that this 

habitat preference has probably developed as an adaptive response to the threat of predation 

(Frank Jordan and Stephanie Sanborn, unpublished data).  Structurally complex beds of 

submerged aquatic vegetation minimize the risk of predation for damselfly larvae.  Variation in 

habitat structure along the salinity gradient of the estuary (rather than salinity per se) appears to 

limit the large-scale distribution of larval damselflies in this system. 
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Figure 1.  Map of the lower St. Johns River basin, Florida.  The black area is mesohaline (5-18 
ppt), the hatched area is oligohaline (0.5-5 ppt), and the white area is the tidal freshwater portion 
of the river.  Sites 1-5 are in the tidal freshwater portion of the river and sites 6-9 are in the 
oligohaline portion of the river.  
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Figure 2.  Relative abundances of Enallagma durum and E. pollutum at each of the sampling 
sites, listed in upstream to downstream order. 
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Figure 3.  Mean density (+ 1 SE) of damselfly larvae per square meter during each quarterly 
sampling period (May 1996- August 1997). 
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Figure 4.  Mean density (+1 SE) of damselfly larvae per square meter in Vallisneria beds and 
adjacent sand flats. 
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Figure 5. Correlative relationship (r =0.5619, p=0.0000) between damselfly abundance (larvae 
per m2) and plant biomass (g/m2) in beds of Vallisneria.  Fitted line is added to help visualize 
data. 
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Figure 6.  Relationship between damselfly abundance (larvae per m2) and water depth in beds of 
Vallisneria. 
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Figure 7.  Mean density (+ 1 SE) of damselfly larvae per meter square at each of the sampling 
sites, listed in upstream to downstream order 
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Figure 8.  Mean plant biomass (+ 1 SE) per square meter at each of the sampling sites, listed in 
upstream to downstream order 
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Figure 9.  Proportion of damselfly larvae surviving after 40 hours. 
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Figure 9. Top: Survival of damselfly larvae (Enallagma durum) exposed to predatory 
largemouth bass was significantly (t2=-6.539, p=0.0073) lower in tanks containing vegetation 
than in tanks containing no vegetation.  Bottom: When offered a choice of vegetated and non-
vegetated habitat in the absence of predators or other environmental factors, damselfly larvae 
demonstrated a significant (t11=23.748, p=0.0001) preference for vegetated habitat.  This 
preference persisted during day and night observations. 
 


