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Abstract 

Gut Content Analysis of Benthic Foraging Fish Compared to  

Invertebrate Infauna Distributions in Dredged vs. Undredged Habitats 

Author: Danielle Louise Juzwick  

Advisor: Kevin B. Johnson, Ph. D. 

 

The Indian River Lagoon (IRL) has experienced a loss in seagrasses due to 

organic sediment accumulation and harmful algal blooms. Seagrasses are an essential 

nursery habitat for many fishes and benthic invertebrates. IRL fish known to utilize 

benthic habitat and feed on invertebrates include Atlantic croaker (Micropogonias 

undulates), juvenile Red Drum (Sciaenops ocellatus), and Mojarra (Eucinostomus 

spp.). The most abundant major infaunal taxa of the IRL are crustaceans, 

polychaetes, and mollusks. Environmental dredging in the IRL’s Turkey Creek is 

intended to improve water quality, remove harmful sediments and restore benthic 

habitat.  Such dredging may impact benthic invertebrate populations and, indirectly, 

their predatory fish species. This study explores the impact of environmental 

dredging on benthic invertebrates and fish, and attempts to quantify how those 

impacts affect the food web. This was accomplished by examining how the most 

abundant infaunal community groups changed in dredged vs. undredged sediments, 

and whether those sediments had low, medium, or high organic content (“muck” for 

the latter). Benthic invertebrate populations were sampled and quantified by 
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collecting sediments using a Petite Ponar grab and counting animals >500µm. 

Abundant taxa found to colonize dredged Turkey Creek muck sediments include 

amphipods (e.g., Cerapus tubularis and Grandierdiella bonnieroides), bivalves (e.g., 

Mulinia lateralis and Parastarte triquetra), polychaetes (e.g., Capitella capitata and 

Glycera americana), and tanaids (e.g., Leptochelia dubia). Densities in dredged 

muck sites ranged from 0-3,897 ind. m-2 (±0-3,662 SE, p=0.05) for amphipods, 0-

637 ind. m-2 (±0-178 SE, p<0.001) for bivalves, 0-492 ind. m-2 (±0-234 SE, p<0.01) 

for polychaetes, and 0-148 ind. m-2 (±0-119 SE) for tanaids. Abundant taxa found to 

colonize dredged Turkey Creek intermediate sediments include amphipods (G. 

bonnieroides and C. tubularis), bivalves (M. lateralis and P. triquetra), polychaetes 

(G. americana), and tanaids (Leptochelia dubia).  Densities in dredged intermediate 

sites ranged from 0-23,703 ind. m-2 (±0-6,418 SE, p<0.02) for amphipods, 0-7,170 

ind. m-2 (±0-3,192 SE, p<0.05) for bivalves, 0-10,251 ind. m-2 (±0-6,078 SE) for 

polychaetes, and 0-118 ind. m-2 (±0-118 SE) for tanaids. To explore the impacts on 

trophic relationships, gut content analyses of predatory fish collected via seining 

were compared with the composition and abundances of available prey via a 

modified Costello method in conjunction with Ivlev’s selection index. These were 

contrasted before and after dredging to discover changes in dietary patterns or 

feeding strategies related to dredging. Mojarra were found to feed on prey other than 

their preferred type (amphipods) before dredging, presumably due to low amphipod 

availability. However, after dredging mojarra were selective predators on amphipods 

and this appears to be due to increased amphipod availability. The sciaenids (juvenile 
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Atlantic croaker and red drum) also focused on prey other than their preferred type 

(amphipods and mysids, respectively) before dredging. Dredging yielded conditions 

where all predators could shift to feeding on their preferred prey type based on higher 

Ivlev’s selectivity values.  Increases in fish prey selectivity, abundances in guts, and 

environmental infaunal abundances suggest environmental dredging can be a 

positive step in restoring benthic trophic relationships.  
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Introduction 

 The Indian River Lagoon (IRL) system is considered one of the most 

ecologically important and biologically diverse estuaries in North America (Tremain 

& Adams, 1995). This can be attributed to the lagoon’s unique geographical location 

where temperate and tropical climates, flora, and fauna coexist (Dawes et al., 1995; 

Sigua et al., 2000). Species richness in the IRL has been estimated at 2,500 species, 

which depend upon the coastal and submerged vegetation, including seagrasses, 

mangroves, salt marsh grasses, and macroalgae (Dawes et al., 1995).   

Seagrass communities are a major component of the Indian River Lagoon, 

and are home to all 6 species of seagrass found in the tropical western hemisphere 

(Dawes et al., 1995). Halodule wrightii is the most common species of seagrass 

found in the IRL and in this study. In 2007, the northern IRL seagrass coverage was 

estimated to be 71,676 acres of healthy seagrasses (Morris et al., 2018). Seagrass 

acreage declined by ~45% (31,916 acres lost) in the northern IRL between 2009 and 

2011, due to massive phytoplankton blooms (Morris et al., 2018). This massive loss 

was then followed by a recovery of a 12% gain in seagrass coverage from 2011 to 

2013. The overall decline in seagrasses between 2009 and 2017 has been an 

estimated to be 52%, with over 41,000 acres of seagrass lost (Reynolds et al., 2019). 

Seagrass beds are essential to the IRL because they support complex communities 

that house diverse fauna, including fish and benthic invertebrates. Seagrasses provide 

protection and food for many fishes, especially juvenile fish that feed on benthic 
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invertebrates living in seagrass beds and associated sediments. Vaslet et al. (2012) 

found that, due to large surface area, complexity of habitat and sediment structure, 

seagrass beds enhance foraging opportunities for benthic feeders.  

The majority of seagrass foragers consume benthic prey (Luczkovich et al., 

2002). These benthic feeders are primarily juvenile fish due to both the key nursery 

features of seagrass beds, nourishment and refuge (Gilmore et al., 1977). Common 

benthic feeders include Atlantic croaker (Nestlerode & Diaz, 1998), juvenile Red 

Drum (Gilmore et al., 1977; Luczkovich et al., 2002), and Mojarra (Pessanha & 

Araújo, 2012). Diets are composed mainly of benthic invertebrates such as, 

crustaceans (Gore et al., 1981; Nelson, 1995; Luczkovich et al., 2002), mollusks 

(Mikkelsen et al., 1995; Luczkovich et al., 2002), and polychaetes (Nestlerode & 

Diaz, 1998; Luczkovich et al., 2002), which tend to be the most abundant infaunal 

community groups in the IRL and corresponding estuaries (Woodin, 1974; Virnstein 

& Howard, 1987; Cox et al., 2018). 

Crustaceans, more specifically, pericarid crustaceans are a major diet item of 

juvenile fish and an important link in marine food webs (Nelson, 1995; Roast et al., 

1998). The main organisms that compose the pericarids are amphipods, mysids, and 

tanaids, which are small, shrimp-like creatures. They are often found associated with 

estuarine sediments in high abundances, but are limited in dispersal (Thomas, 1993; 

Roast et al., 1998). Amphipods are a significant component of the benthic 

community associated with seagrasses, specifically the seagrass Halodule wrightii 

(Nelson et al., 1982; Neslon, 1995), the most common seagrass in the region of the 
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current study. Tanaids are tube-dwellers or burrowers, and are edge specialists 

exhibiting their highest abundances on the edge of seagrass beds and sandy habitats 

(Holdich & Jones, 1983; Tanner, 2005). Mysids are considered hyperbenthic due to 

their more mobile nature compared to its pericarid relatives (Mees & Jones, 1997). 

Crustaceans have long been used as environmental indicators due to their ecological 

importance in trophic relationships, numerical abundance, and sensitivity to 

toxicants, pollutants, and loss of habitat (Dauer, 1993; Thomas, 1993; Knowles & 

Bell, 1998; Roast et al., 1998; Tanner, 2005). 

Mollusks are also important indicators for environmental change and water 

quality (McKeon et al., 2015). Mollusks, more specifically bivalves and gastropods, 

are two of the most important and abundant groups of invertebrates in the IRL’s 

marine ecosystem, playing a vital role in trophic relationships (Virnstein & Howard, 

1987; Mikkelsen et al., 1995). Bivalves, most commonly clams and mussels, exhibit 

an enclosed, symmetrical body and a hinged shell. Bivalves also have a muscular 

foot that extends out of their shell to allow them to bury into sandy sediments. 

Gastropods, snails and slugs, have a large, muscular foot to move around on 

sediments and a univalve shell on top of the foot for protection. Mollusks are unique 

due to their ability to utilize essentially any available habitat or niche, and a 

significant habitat utilized in the IRL is seagrasses. Although mollusks are able to 

utilize a variety of habitats, habitat loss threatens their populations (Morris & 

Virnstein, 2004).  
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 Polychaetes are marine, segmented worms that burrow or build tubes in the 

sediment. Polychaete worms are ubiquitous in marine and estuarine sediments, and 

key members of benthic communities (Hutchings, 1998).  Polychaetes exhibit high 

species richness, biomass, density, and tolerances to adverse conditions (Cardoso et 

al., 2007). Under some circumstances, they may be used as indicators of 

environmental health due to their diversity and broad range of pollution sensitivities 

(Olsgard et al., 2003). Polychaetes are often important links in benthic food webs 

and may be consumed by benthic predators from within the sediment.  

 Over the past decade, seagrasses, fishes, and benthic invertebrates have 

declined in the IRL due to complex factors, including the accumulation of polluted 

organic sediments, or “muck” (Dauer, 1993; Fox & Trefry, 2018). Muck derives 

from decaying leaves, grass clippings, dead organisms and organismal waste. Fox 

and Trefry (2018) found that IRL muck is composed of 10%-30% organic matter 

(OM), 60% silt and clay, and a high water content of 75% water by weight. The 

accumulation of muck is exacerbated by estuarine eutrophication due to fertilizer and 

urban runoff; meanwhile the accumulation of muck exacerbates eutrophication, both 

contributing to a vicious cycle. Muck aids eutrophication by its easy resuspension 

into the water column and releasing of Nitrogen and Phosphorous, which blocks light 

from seagrass, consumes oxygen, and kills biota (Erftemeijer & Lewis, 2006; 

Donohue & Molinos, 2009; Fox & Trefry, 2018).  

Organic-rich sediments can impact trophic relationships by diminishing and 

polluting the food web and its surrounding habitat (Yujun et al., 2008). The primary 
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trophic levels, benthic and epibenthic species, are the most sensitive to the 

detrimental effects of muck (Geffard et al., 2002). Fine-grained sediments smother 

benthic species, limit oxygen, and reduce habitat including the degradation of 

seagrasses, by filling the interstitial spaces and smothering sediments (Kefford et al., 

2010; Kemp et al., 2011). As eutrophication and muck inflame in an estuary, the 

contaminated sediments result in lower long-lived, benthic species richness and 

abundance, followed by a shift of community composition to opportunistic, short-

lived species (Dauer, 1993). Depletion of the primary trophic levels, high organic 

sedimentation, and high turbidity can in turn decrease fish populations. Typically, 

fish species can easily relocate during eutrophication periods, but many benthic 

foraging fish rely heavily on visual search strategies to consume their prey. Turbid, 

eutrophic waters can impair their ability to obtain food (Kemp et al., 2011). Trophic 

relationships in these degraded environments are declining in species abundance, 

biomass, and diversity because of the reduced food and habitat availability affecting 

the growth and recruitment at the bottom of the food web (Henley et al., 2000; Kemp 

et al., 2011).  

Environmental dredging is underway to remove muck from the IRL, with 

considerable dredging having been completed in Turkey Creek (Palm Bay, Florida). 

Such dredging is a remedial process intended to remove contaminated sediments and 

restore benthic habitats (Cox et al., 2018). This study aims to assess how muck 

removal changes the habitat utilized by benthic invertebrates and fish, and quantify 

how this impacts the food web.   
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This study addresses the following hypotheses: (1) The types and abundances of 

infaunal fish prey in dredged areas increases in similarity to those in undredged, 

control sites, and (2) Benthic-feeding fish taxa exhibit differential predation upon 

infaunal taxa. 
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Methods 

Field Collections and Laboratory Procedures for Benthic Invertebrates  

Sampling of infauna and sediment in Turkey Creek and associated sites 

occurred monthly from May 2015 until July 2017, followed by a quarterly (seasonal) 

schedule from July 2017 until June 2018 (Table 1). Sampling locations were 

organized into two control sites and three treatment sites, with four sampling stations 

per site, except for the control muck site, which only had two sampling stations 

(Table 2). Control sites were assigned in Crane Creek due to its’ analogous habitats: 

Crane Creek muck (CCM 1-2) and the IRL near Crane Creek lagoon (CCL 1-4) 

(Figure 1A). Treatment sites were assigned within Turkey Creek muck (TCM 1-4), 

intermediate sediments of Turkey Creek (TC 1-4), and the IRL near Turkey Creek 

(TCL 1-4) (Figure 1B). Muck sites were so designated because of their abundance 

of black organic sediments.  Sites CCL and TCL have sandier sediments, an 

abundance of infauna, and seagrass populations. Site TC was selected based on 

intermediate sediments, a combination of organic silt and sand, with intermediate 

infauna, and little seagrass. Infauna samples (n=3) and a sediment sample (n=1) were 

collected at each site, along with measurements of water quality. Only one sediment 

sample was taken from each site due to the consistency of the sediments.  

Sediment and infauna grab samples were collected using a Wildco Petite 

Ponar (6” scoop) grab. For infauna, sediments were then sifted through a 0.5 mm 

sieve, and the retained portion was labeled and frozen for later identification. At each 
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station, a fourth grab sample was collected unsifted to analyze sediment % water 

content, % organic matter content, and % silt-clay content.  

Water quality parameters were collected at each station and included 

temperature, salinity, and dissolved oxygen. A secchi disk was employed to measure 

turbidity (~0.5-1 m deep) and water depth (0.5-5 m deep). A Yellow Springs 

Instrument (YSI) Multimeter was used at each station to measure these parameters 

at the secchi depth and total depth of the water column.  

Infauna abundances were determined by viewing the samples under a 

stereomicroscope (8 – 35x magnification). Samples were sorted by taxonomic groups 

(annelids, crustaceans, mollusks), identified to the lowest specific taxonomic level, 

and counted (WoRMS, 2016).  

Turkey Creek has undergone environmental dredging, a process for removing 

contaminated sediment, such as IRL muck, from a waterbody to improve the 

sediment composition and water quality (Palermo et al., 2008). Environmental 

dredging in Turkey Creek began on February 20, 2016, halted on April 22, 2016, and 

resumed on September 6, 2016 to be completed January 11, 2017.  160,000 m3 of 

muck and sediment was removed from Turkey Creek from 2016-2017 (Fox & Trefry, 

2018), leaving ~63% of the dredged area muck-free. Sampling stations falling within 

the dredging area include TC 3, TC 4, and TCM 1-4. While TCM stations were muck 

and mostly devoid of metazoan life, Stations TC 3 and TC 4 had intermediate levels 

of organic sediments and, prior to dredging, numerous benthic organisms. TCM 
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stations had water depths ranging from 1-1.5 meter, while TC stations had depths 

ranging from 0.5-1 m.  

To compare infaunal groupings (crustaceans, mollusks, and polychaetes) 

abundances, spatially and temporally, a two-way analysis of variance (ANOVA) 

coupled with post-hoc pairwise comparisons via Tukey HSD was conducted for 

dredged versus undredged muck sites (TCM vs. CCM) and dredged versus 

undredged intermediate sites (TC12 vs. TC34). The months and seasons were split 

into either pre-dredging or post-dredging, with Summer 2015 through Summer 2016 

considered pre-dredging and Fall 2016 through Summer 2018 considered post-

dredging.  
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Table 1: Schedule for Infauna Sampling, Fish Seines, and Fish Collections for gut 

content analysis. The last column displays the corresponding months (seasons) used 

for infaunal abundance results (IR) in graphs and ANOVAs.  

Date Infauna Fish Guts  IR Date Infauna Fish Guts  IR 

2015-May ✓ ✓ ✓  2016- Oct ✓ ✓  ✓ 

2015- June ✓ ✓   2016- Nov ✓ ✓ ✓  

2015- July  ✓ ✓   2016- Dec ✓ ✓  ✓ 

2015- Aug ✓ ✓  ✓ 2017- Jan ✓ ✓ ✓  

2015- Sept ✓ ✓ ✓  2017- Feb ✓ ✓ ✓  

2015- Oct ✓ ✓  ✓ 2017- Mar ✓ ✓ ✓ ✓ 

2015- Nov ✓ ✓   2017- Apr ✓ ✓   

2015- Dec ✓ ✓  ✓ 2017- May ✓ ✓ ✓ ✓ 

2016- Jan ✓ ✓   2017- July ✓ ✓   

2016- Feb ✓ ✓ ✓  2017- Aug  ✓   

2016- Mar ✓ ✓  ✓ 2017- Oct ✓ ✓  ✓ 

2016- Apr ✓ ✓   2017- Dec ✓ ✓  ✓ 

2016- May ✓ ✓   2018- Feb  ✓   

2016- June ✓ ✓  ✓ 2018- Mar ✓   ✓ 

2016- July ✓ ✓   2018- May  ✓   

2016- Aug  ✓ ✓   2018- June ✓ ✓  ✓ 

2016- Sept ✓ ✓ ✓  2018- Aug  ✓   
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Table 2: GPS Coordinates for control and treatment sampling stations. 

Site Station GPS Coordinates 

Crane Creek Muck  CCM 1 28° 4'39.16"N 80°36'04.52"W  

CCM 2 28° 4'35.77"N 80°36'11.31"W  

Crane Creek Lagoon  CCL 1 28° 4'35.89"N 80°35'52.77"W  

CCL 2 28° 4'24.25"N 80°35'54.38"W  

CCL 3 28° 4'15.29"N 80°35'51.48"W  

CCL 4 28° 4'07.11"N 80°35'46.42"W 

Turkey Creek Muck  TCM 1 28° 2'13.01"N 80°34'48.23"W  

TCM 2 28° 2'08.51"N 80°34'49.64"W 

TCM 3 28° 01’58.7"N 80°34'51.5"W 

TCM 4 28° 01'57.4"N 80°34'53.7"W 

Turkey Creek Lagoon  TCL 1 28° 2'33.97"N 80°34'54.21"W  

TCL 2 28° 2'26.47"N 80°34'48.16"W  

TCL 3 28° 1'49.46"N 80°34'33.28"W  

TCL 4 28° 1'38.55"N 80°34'28.94"W  

Turkey Creek Intermediate TC 1 28° 2'20.09"N 80°34'50.65"W  

TC 2 28° 2'18.39"N 80°34'54.03"W  

TC 3 28° 2'16.07"N 80°34'54.41"W  

TC 4 28° 2'13.25"N 80°34'53.82"W  
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Figure 1: A. Crane Creek control stations: Crane Creek Muck (CCM) and Crane 

Creek Lagoon (CCL). B. Turkey Creek treatment stations: Turkey Creek Muck 

(TCM), Turkey Creek Lagoon (TCL), and Turkey Creek (TC). Muck stations 

exhibited large amounts of black, organic sediments, lagoon stations had sandier 

sediments, and TC stations exhibited an intermediate of sandy to silty sediments.  

Control sites were chosen ~6 km away from Turkey Creek dredging, but with 

analogous habitats. 
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Field Collections and Gut Content Analyses for Benthic Predators  

 Benthic feeding fish were collected in Turkey Creek on a seasonal schedule 

during the same time period as the infauna sampling described above (Table 1). 

Turkey Creek sampling for fish via a seine net (21.3-m long center bag seine x 1.8 

m deep, 3 mm mesh netting) was conducted at 2 sites along the western shore of 

Turkey Creek, 2 sites along the north shore of Turkey Creek, and 1 site outside the 

mouth of Turkey Creek (Figure 3). At each sampling location, 2 seining tow samples 

were collected at a depth of 50-75 cm and 2 seining tow samples were collected at a 

starting depth of about 1 m parallel to the shore. All sampling was conducted using 

standardized Fisheries Independent Monitoring (FIM) seining protocols (Shenker, 

2018). Each seine sampled a standardized area of 140 m2. Fish and any other 

organisms caught in the tow were identified, counted, and frozen to await further 

laboratory processing.  

 To determine the prey of these fishes, frozen fish were thawed and the 

stomachs were removed to assess gut contents. Contents were rated on a 4-level scale 

of digestion (0 = completely unidentifiable to 3 = identifiable to species). Prey in the 

stomach were removed, identified to the lowest taxonomic level possible, and 

counted. When possible, identification of prey taxa was conducted using a process 

analogous to that used for infauna.  
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  Diet analyses of predatory fish gut contents before and after dredging were 

analyzed via the modified Costello method (Figure 2). The Costello method was 

developed by Costello (1990) to visualize relative abundance of prey to their 

frequency of occurrence, but was later modified by Amundsen (1996) to better 

visualize the prey-specific abundance (%Pi) compared to the frequency of occurrence 

(%Fi) of prey types found in fish gut contents (Amundsen et al., 1996). The prey-

specific abundance (%Pi) of a prey item is defined as the percentage of a prey taxon 

comprises of all prey items in only those predators in which the actual prey occurs. 

%Pi=(ΣSi /ΣSt) x 100, Si= the gut content comprised of prey i, St= the total gut 

contents in only those predators that contained prey i. The frequency of occurrence 

is defined as the number of stomachs in which a specific prey item occurs in a fish 

species population. %Fi = (Ni / N) x 100   where Ni = the number of predator guts 

with prey i, and N= the total number of predator guts with prey (Amundsen et al., 

1996; Hinz et al., 2005). The ratio of frequency of occurrence to prey-specific 

abundance when plotted on the diagram displays important aspects of diet analysis, 

such as, feeding strategy, niche width contribution, and prey importance.  

Feeding strategy is typically lumped into two categories, generalist 

(consuming many prey types at lower abundances) and specialist (consuming a few 

prey types at higher abundances), and is imperative when considering niches. A 

generalized predator has a broad dietary niche, whereas a specialized predator has a 

narrow dietary niche.  Not only are niches an important consideration for individuals, 

but also for the entire population of a predatory species, hence the niche width 
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contribution. Niche width contribution of predatory populations is categorized into 

between-phenotype contribution (BPC) and within-phenotype contribution (WPC). 

A population with a high BPC compared to the niche width is comprised of 

specialized predators exhibiting little to no overlap in prey types, while a population 

with a high WPC consists of generalist predators that each exploit a wider range of 

and possibly overlapping prey types. Prey importance is categorized into dominant 

(high occurrence and abundance) and rare (low occurrence and abundance) 

(Amundsen et al., 1996).  

 

 
Figure 2: Modified Costello plot displaying feeding strategy (generalization or 

specialization), prey importance (dominant or rare), and niche width contribution 

(high BPC, high WPC, or broad niche width) (Amundsen et al., 1996).  
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To furthermore determine fish predation selectivity upon infaunal taxa before 

and after dredging, Ivlev’s selection index (E) was calculated by comparing the 

abundance of prey found in gut contents of a predator to the abundance of infaunal 

prey taxa found in the environmental sediment grabs (Ivlev, 1961). E = (ri – pi) / (ri 

+ pi), where ri= the relative abundance of prey found in gut contents, and pi = the 

relative abundance found in the environmental grab samples. E ranges from -1 to +1, 

where negative values indicate avoidance or inaccessibility of a fish to a prey item, 

or an absence of a prey item in guts while a presence was found in grabs. Positive 

values indicate a selection of prey type or very low abundances in grabs. An E value 

of zero indicates non-selective feeding (Hinz et al., 2005).  
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Figure 3: Control and treatment seining sites in Turkey Creek. Each site contained 

two stations, a deep seine (green arrow) and shallow seine (yellow arrow), with 

starting point and direction chosen at random. Both deep and shallow seines 

consisted of pulling a 21.3-m bag (3 mm mesh) along a 9.1-m transect with a 15.5-

m distance between poles, yielding a 140 m2 sampling area.  
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Results 

Benthic Invertebrates 
  

Amphipods were absent from Crane Creek and Turkey Creek muck sites until 

after dredging in 2017 (Figure 4). Following dredging in the spring of 2017, dredged 

muck sites (Turkey Creek) experienced the first significant amphipod recruitment 

(mean density= 578 individuals m-2 ± 285 SE), which was significantly different 

from all previous seasons in Turkey Creek during the dredging window (p=0.005-

0.04). In the summer of 2017, amphipod recruitment significantly increased again in 

dredged Turkey Creek muck sites where amphipods had an average abundance of 

3,897 ind. m-2 (±3,662 SE) in comparison to Summer 2016 with zero amphipods 

observed (p=0.05). After summer 2017, amphipod numbers in dredged muck 

declined, but were still higher than before or during dredging. Undredged muck 

stations (Crane Creek) usually had zero amphipod recruitment (2015, 2016, and 

2018), but saw 44 ind. m-2 (±30 SE) to 326 ind.m-2 (±291 SE) in summer 2017 and 

fall 2019, respectively.  The majority of amphipod densities after dredging were 

made up by two species, Cerapus tubularis and Grandidierella bonnieroides.  In 

Turkey Creek muck sites, C. tubularis made up 58% and G. bonnieroides made up 

18% of the amphipod density after dredging, while in Crane Creek muck sites G. 

bonnieroides made up 68% and C. tubularis made up 15%. Site (Turkey Creek 

dredged muck sites vs. Crane Creek undredged muck sites) and year (pre vs. post) 

both had significant effects on amphipod numbers (p<0.02).  
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Figure 4: Mean amphipod density (±Standard Error) for dredged (Turkey Creek 

TCM) and undredged (Crane Creek CCM) muck sites seasonally before (2015), 

during (2016) and after (2017+) dredging. Lines indicate start and finish of dredging.  

 

 

Bivalve abundances at all muck sites were zero until after dredging began 

(Figure 5).  Bivalves experienced their largest recruitment after dredging was 

completed in the summer of 2017 at dredged Turkey Creek muck sites with 637 ind. 

m-2 (±178 SE), which was significantly different from all previous seasons in Turkey 

Creek before and during the dredging window (p<0.001). This recruitment was also 

significantly different (p=0.01) from bivalve abundances at the undredged Crane 

Creek muck sites with only 15 ind. m-2 (±15 SE) in the summer of 2017. In the fall 

of 2017 bivalve numbers dropped to zero and were completely depleted in both 
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dredged Turkey Creek and undredged Crane Creek muck sites. Bivalve recruitment 

in the dredged Turkey Creek muck sites exhibited another slow, steady rise 

beginning in the winter of 2017 and into 2018 with a peak in recruitment in the 

summer of 2018 (474 ind. m-2 ±474 SE) while undredged Crane Creek bivalve 

recruitment stayed zero with only a peak in spring of 2018 (59 ind. m-2 ±59 SE). 

Bivalve densities in Turkey Creek and Crane Creek muck sites were also dominated 

by two species, Mulinia lateralis and Parastarte triquetra. After dredging bivalve 

density was comprised of 84% of M. lateralis and 12% of P. triquetra at dredged 

Turkey Creek muck sites, whereas at Crane Creek sites bivalve density was 

completely made up of 62% of P. triquetra and 38% of M. lateralis. Site (Turkey 

Creek dredged muck sites vs. Crane Creek undredged muck sites), year (pre vs. post), 

and interaction all had significant effects on bivalve numbers (p=0.0009-0.05).  
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Figure 5: Mean bivalve density (±Standard Error) for dredged (Turkey Creek TCM) 

and undredged (Crane Creek CCM) muck sites seasonally before (2015), during 

(2016) and after (2017+) dredging. Lines indicate beginning and end of dredging.  

 

 

Polychaete abundances (Figure 6) were zero until after dredging began in 

both Turkey Creek and Crane Creek muck sites. In spring 2017, dredged Turkey 

Creek muck sites displayed the highest recruitment of polychaetes (492 ind. m-2 ±234 

SE), which was significantly different than all prior seasons in Turkey Creek before 

dredging, spring and summer of dredging, and seasons of 2018 (p<0.01). Undredged 

Crane Creek muck sites only experienced polychaete recruitment from fall 2016 

through summer 2017. Polychaete abundances began to decline throughout 2017 in 

both dredged and undredged muck sites, and by 2018 polychaete abundances were 
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zero at both sites. After dredging at Turkey Creek muck sites, polychaete density was 

made up of mostly Capitella capitata (37%) and Glycera americana (22%). At Crane 

Creek muck sites polychaete densities were made up by 68% of G. americana and 

27% of Ctenodrilus serratus. Site (dredged Turkey Creek muck and undredged 

Crane Creek muck) and year (pre vs. post) both had significant effects on polychaete 

numbers (p=0.04 and 0.002).  

 

 
Figure 6: Mean polychaete density (±Standard Error) for dredged (Turkey Creek 

TCM) and undredged (Crane Creek CCM) muck sites seasonally before (2015), 

during (2016) and after (2017+) dredging. Lines indicate beginning and end of 

dredging. 
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Tanaids (Figure 7) were not found at Crane Creek undredged muck sites 

throughout the entire course of this study, and weren’t found at Turkey Creek 

dredged muck sites until after dredging was completed. The first occurrence of 

tanaids was in the spring of 2017 (103 ind. m-2 ±103 SE), and the highest abundance 

occurring in the summer of 2017 (148 ind. m-2 ±119 SE). Tanaid densities at dredged 

Turkey Creek muck sites followed a similar trend to amphipods and polychaetes with 

a rise in the beginning of 2017 (directly after dredging), followed by a decline in their 

abundances to zero by summer 2018. Tanaid densities at dredged Turkey Creek 

muck sites were mostly comprised by Leptochelia dubia (54%). There was no 

significant difference found for site (TCM vs. CCM), year, or interaction. 
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Figure 7: Mean tanaid density (±Standard Error) for dredged (Turkey Creek TCM) 

and undredged (Crane Creek CCM) muck sites seasonally before (2015), during 

(2016) and after (2017+) dredging. Lines indicate start and end of dredging.  

 

 

Amphipod densities at all intermediate sites were low before and during 

dredging, and did not see a significant increase until after dredging ended (Figure 8). 

Before dredging occurred Cymadusa compta (58%) and G. bonnieroides (35%) 

comprised the majority of undredged Turkey Creek intermediate sites (TC12), 

whereas to be dredged intermediate sites (TC34) were made up of mostly 

Grandidierella spp. (40%) and Eusirus cuspidatus (30%). Undredged intermediate 

sites experienced their highest amphipod abundances in summer 2017 (10,251 ind. 

m-2 ±3,559 SE), which was significantly different from all months in 2015 before 
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dredging (p<0.05). Dredged intermediate sites also experienced an increase in 

amphipods after dredging was completed with their peak in the fall of 2017 (23,703 

ind. m-2 ±16,418 SE), which was significantly different from all previous seasons 

(except for the summer months) in Turkey Creek intermediate sites (p<0.02). During 

the period of dredging, undredged intermediate sites displayed higher abundances 

(~120-496 ind. m-2 ±118-307 SE) on average than the dredged intermediate sites (~0-

88 ind. m-2 ±0-59 SE). Amphipod densities began declining in both dredged and 

undredged intermediate sites after their peaks, but more significantly in the dredged 

sites with abundances reaching zero in winter 2017 and spring 2018. In the winter of 

2017, dredged intermediate sites displayed zero amphipods while undredged sites 

had a significantly higher density of 1,214 ind. m-2 (±532 SE) (p=0.037). Amphipod 

numbers continued to decline throughout the end of 2017 and beginning of 2018, but 

in the summer of 2018 both dredged and undredged sites experienced another 

recruitment of amphipods. Undredged sites had a significantly  (p=0.04) larger 

recruitment of amphipods (4,325 ind. m-2 ±2,350 SE) in the summer of 2018 

compared to dredged sites (118 ind. m-2 ± 75 SE). The majority of amphipod 

densities in dredged Turkey Creek intermediate sites (TC34) were made up by G. 

bonnieroides (54%) and C. tubularis (21%), while undredged Turkey Creek 

intermediate sites (TC12) were mostly C. tubularis (62%) post dredging. Site 

(Turkey Creek dredged intermediate vs. Turkey Creek undredged intermediate), year 

(pre vs. post), and interaction all had significant effects on amphipod densities 

(p<0.03).  
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Figure 8: Mean amphipod density (±Standard Error) for dredged (Turkey Creek 

TC34) and undredged (Turkey Creek TC12) intermediate sites seasonally before 

(2015), during (2016) and after (2017+) dredging. Lines indicate start and end of 

dredging.  

 

 

Bivalve densities at dredged intermediate sites (Figure 9) slowly increased 

after dredging was completed, but did not see it’s largest recruitment until the 

summer of 2018 (7,170 ind. m-2 ±3,192 SE). This large recruitment was significantly 

different from all previous months at dredged Turkey Creek intermediate sites 

(p<0.05), except for winter of 2015 and 2017. Densities at the undredged 

intermediate sites also did not see a significant increase in bivalves until summer 

2018 (9,407 ind. m-2 ±3,014 SE), which was significantly different from all months 

in 2015, spring and summer 2016, and spring and fall 2017 (p<0.05).  Bivalve 
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densities before and after dredging were composed of mostly M. lateralis and P. 

triquetra. M. lateralis made up 95% of the bivalve densities at undredged 

intermediate sites (TC12) before dredging, and 94% of the densities at the to be 

dredged intermediate sites (TC34). After dredging occurred, the undredged 

intermediate sites were composed mostly of P. triquetra (56%) and M. lateralis 

(35%), while at the dredged intermediate sites M. lateralis and P. triquetra both made 

up 44% of bivalve densities. Site (Turkey Creek undredged intermediate vs. dredged 

intermediate) and year (pre vs. post) both had significant effects on bivalve densities 

(p<0.003).  
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Figure 9: Mean bivalve density (± Standard Error) for dredged (Turkey Creek TC34) 

and undredged (Turkey Creek TC12) intermediate sites seasonally before (2015), 

during (2016), and after (2017+) dredging. Lines indicate start and end of dredging.  

 

 

Polychaete densities (Figure 10) at dredged Turkey Creek intermediate sites 

displayed their highest recruitment in fall 2017 (10,251 ind. m-2 ±6,078 SE) with 

relatively low abundances during all prior months (15 ind. m-2 ±15 SE to 502 ind. m-

2 ±277 SE). Before dredging, polychaete densities were mostly comprised of 

Polychaete T (40%) and Alitta succinea (31%) at undredged intermediate sites, and 

C. serratus (29%) made up the majority at the soon to be dredged intermediate sites. 

Undredged Turkey Creek intermediate sites experienced larger polychaete densities 

on average compared to dredged intermediate sites (29 ind. m-2 ±22 SE to 1,325 ind. 
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m-2 ±558 SE), but experienced their highest polychaete density before dredging 

occurred in winter 2015 (1,325 ind. m-2 ±558 SE). After dredging, undredged 

intermediate site densities were made up by C. capitata (32%), G. americana (29%), 

and C. serratus (21%), but at the dredged intermediate sites G. americana made up 

43% of the polychaete densities. Site (dredged Turkey Creek and undredged Turkey 

Creek intermediate) had significant effects on polychaete abundances (p=0.007).  

 

 
Figure 10: Mean polychaete density (± Standard Error) for dredged (Turkey Creek 

TC34) and undredged (Turkey Creek TC12) intermediate sites before (2015), during 

(2016), and after (2017+) dredging. Lines indicate start and end of dredging.  
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Tanaid abundances (Figure 11) were zero in dredged Turkey Creek 

intermediate sites until after dredging completed. The first recruitment of tanaids into 

dredged intermediate sites occurred in summer 2017 (74 ind. m-2 ±58 SE), followed 

by a second and highest recruitment in dredged sites in spring 2018 (118 ind. m-2 

±118 SE). Undredged intermediate sites exhibited tanaid recruitment in all months 

of 2015 before dredging, but tanaid numbers dropped once dredging began in spring 

2016. Tanaid densities at undredged intermediate sites before dredging were mostly 

made up of L. dubia (60%). Once dredging ended, tanaids slowly recruited back into 

the undredged intermediate sites with the highest abundance occurring in summer 

2018 (267 ind. m-2 ± 170 SE). L. dubia also made up the majority of tanaid densities 

after dredging occurred in both undredged (80%) and dredged (100%) intermediate 

sites. Site (Turkey Creek dredged and undredged intermediate) had a significant 

effect on tanaid abundances (p=0.001). 
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Figure 11: Mean tanaid density (±Standard Error) for dredged (Turkey Creek TC34) 

and undredged (Turkey Creek TC12) intermediate sites before (2015), during (2016), 

and after (2017+) dredging. Lines indicate start and end of dredging.  
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Benthic Predators 
 

There were a total of 3,682,665 fishes collected from April 2015- August 

2018 by seine net (Table 3). Anchovies, a small pelagic schooling species, made up 

99% of 2015’s catch, 97% of 2016’s catch, 80% of 2017’s catch, and 30% of 2018’s 

catch, so total number of fishes minus anchovy numbers were calculated to better 

visualize the remaining fish caught. Aside from anchovies, the seine catches were 

dominated by small, juvenile fish species. The main species collected in seines 

(excluding anchovies abundances) were Eucinostomus spp. (Mojarra), which made 

up ~20-40% of the seine catch, and the family Sciaenidae (Micropogonias undulatus-

Atlantic croaker and Sciaenops ocellatus- juvenile Red Drum), which made up ~15-

50% of the seine catch (Shenker, 2018).  

 

Table 3: Total amounts of fish collected from seines throughout the course of the 

study. (Shenker, 2018). 

Year Total # of 

Fishes 

Total # - 

Anchovies 

Total # 

of Taxa 

Total # of 

Mojarra 

Total # of 

Atlantic 

croaker 

Total # 

of Red 

Drum 

2015 1,812,498 11,369 50 2,557 277 12 

2016 1,734,610 46,568 44 7,949 6,953 341 

2017 126,808 25,687 45 11,241 3 33 

2018 8,749 6,200 34 1,827 3,061 15 

 

  

Mojarra exhibited an average density of under 200 ind. 100m-2 throughout 

the course of the study, with a minimum density of 3 ind. 100m-2 (± 3 SD) in fall 

2015 and a maximum density of 1,234 ind. 100m-2 in the spring of 2017 (Figure 12). 
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Atlantic croaker were only found in the summer of 2015 (mean= 1 ind. 100m-2 ± 3 

SD, max=10 ind. 100m-2), spring and winter 2016 (mean=20 ind. 100m-2 ± 30 SD, 

max= 120 ind. 100m-2), spring 2017, and the highest peak in spring 2018 with an 

average density of 218 ind. 100m-2 (± 221 SD) and a maximum of 793 ind. 100m-2. 

Juvenile red drum exhibited the lowest densities of the three species throughout the 

entire course of the study with an average density under 10 ind. 100m-2 (± 17 SD) 

and a maximum density of 56 ind. 100m-2 in the fall of 2016.   
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Figure 12: Mean densities of predatory fish at Turkey Creek seining sites before 

(2015), during (2016), and after (2017+) dredging. Lines indicate start and end of 

dredging. (Shenker, 2018).  
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 The fish collected for gut content analysis (Table 4) were mojarra 

(Eucinostomus spp.), Atlantic croaker (M. undulatus), and juvenile red drum (S. 

ocellatus). Guts that were empty or indecipherable due to completed digestion were 

left out of the analyses.  

 

Table 4: Total numbers of fish collected for dissections before and after dredging, 

and total numbers of fish with gut contents before and after dredging. 

 Pre-Dredging Post-Dredging 

Fish Species 
# of Fish 

Dissected 

# of 

Fish w/ 

guts 

Total 

# of 

Prey 

# of Fish 

Dissected 

# of 

Fish w/ 

guts 

Total # 

of Prey 

Mojarra 37 24 124 33 15 52 

Atlantic croaker 31 10 11 17 17 51 

Juv. Red Drum 8 8 80 21 17 95 

 

  Mojarra’s prey items before and after dredging were composed of 

amphipods, tanaids, copepods, mysids, polychaetes, ostracods, bivalves, and 

gastropods (Figure 13). Amphipods in mojarra guts displayed higher prey-specific 

abundances (%P) than frequencies of occurrences (%F) before and after dredging. 

Amphipods also had the highest %F and %P compared to any other prey item found 

in mojarra guts post-dredging. In contrast, mysids had the highest %F and %P in 

mojarra guts before dredging.  
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Figure 13: Mojarras’ gut contents displayed in frequency of occurrence (%F) to 

compare pre- and post-dredging.  

 

 

The modified Costello plot for mojarra (Figure 14) showed a change in 

feeding strategy, prey importance, and niche width contribution before and after 

dredging. Before dredging most prey species found in mojarras’ guts showed low 

prey-specific abundance with low to medium values in the frequency of occurrence, 

which suggests a generalized feeding strategy on many prey items. The mojarra 

population experienced a broader niche width with a higher within-phenotype 

component (WPC) before dredging, which is composed of more generalists in the 

population each exploiting a wider range of the same resources. This generalized 

feeding and broad niche width of mojarra is depicted by the prey-specific abundances 

of a wider variety of prey items before dredging: mysids (57%), amphipods (20%), 

ostracods (13%), bivalves (3%), gastropods (2%), tanaids (2%), copepods (1%), and 
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polychaetes (1%). Despite mojarra’s mostly generalized feeding before dredging, 

there was one prey type they specialized in: mysids. Mysids exhibited the highest 

frequency of occurrence and prey specific abundance in mojarra guts before dredging 

indicating that they were the dominant prey type compared to all other prey types. 

After dredging, mojarra consumed only half of the prey types at varying pre-specific 

abundances: amphipods (77%), polychaetes (19%), ostracods (2%), and tanaids 

(2%). This displayed specialization of the mojarra predator population on 

amphipods, a dominant prey type.  Mojarra’s displayed more generalized feeding on 

less important prey types (polychaetes, ostracods, and tanaids) after dredging.  
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Figure 14: Modified Costello graph displaying feeding strategy (specialization or 

generalization), prey importance (dominant or rare), and niche width contribution 

(high BPC, high WPC, or broad niche width) of Mojarra before and after dredging. 

Refer to Figure 2 for description. A=Amphipods, B=Bivalves, G=Gastropods, 

M=Mysids, O=Ostracods, P=Polychaetes.  

 

 

The Ivlev’s selection index for all predator species (Figures 15, 18, 21) 

depicts a positive selection, negative selection, or no selection of prey types for 

before and after dredging. Positive selection depicts a higher abundance of prey 

found in predator guts compared to prey found in the environmental grabs. A zero 

value for Ivlev’s selection of a prey type indicates non-selective or random feeding 

of that predator, or the abundance of prey in the environment was the same as the 

abundance of prey in the guts. Negative selection of a prey type displays a higher 
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abundance of a prey type in the environmental grabs compared to the prey found in 

the guts, which can be due to inaccessibility to a prey type or avoidance of that prey 

type. Inaccessibility of a prey type can occur when a prey takes refuge or cannot be 

adequately found due to deteriorated conditions like low visibility. An E value of -1 

indicates that the prey species were absent in guts, but present in environmental 

grabs. Copepods, fish, isopods, and mysids tended to avoid being caught in the 

benthic grab samples, even though they were likely present in the environment as 

potential prey for fish. In contrast, amphipods, bivalves, gastropods, polychaetes, 

ostracods, and tanaids are more reliably sampled in benthic grabs and Ivlev’s index, 

and inferred preferences, need have no qualifications.  

The Ivlev’s index calculated for mojarra (Figure 15) displays a change in 

feeding strategy before and after dredging, similar to the modified Costello plot. 

Mojarra’s positively selected for amphipods, copepods, mysids, and ostracods before 

dredging, and negatively selected bivalves, gastropods, polychaetes, and tanaids.  

After dredging mojarra positively selected for amphipods and tanaids, but negatively 

selected mysids, polychaetes, and ostracods. The positive selection of amphipods 

occurred both before and after dredging, but after dredging completed mojarras only 

positively selected for one other prey item compared to three additional prey items 

before dredging. This depicts a more generalized feeding of mojarra on many prey 

types before dredging, and a more specialized feeding of mojarra on key prey types 

after dredging.  
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Figure 15: The Ivlev’s Index scores (E) for prey species of mojarra before and after 

dredging.  Ivlev’s score of +1 indicates prey that were abundant in guts, but absent 

or rare in environmental samples. In contrast, Ivlev’s score of -1 indicates prey that 

were abundant in the environment, but absent or rare in the guts of Eucinostomus 

spp. 

 

 

Atlantic croaker diets (Figure 16) were comprised of only three species 

before dredging (amphipods, copepods, and polychaetes) and after dredging four 

prey species (amphipods, copepods, mysids, and polychaetes).  Amphipod and 

polychaete %F and %P were both higher after dredging compared to before dredging. 

In contrast, copepod %F and %P were higher before dredging occurred rather than 

after dredging.  
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Figure 16: Atlantic croakers’ gut contents displayed in frequency of occurrence 

(%F) to compare pre- and post-dredging. 

 

 

The modified Costello plot for Atlantic croaker (Figure 17) showed similar 

feeding trends in regards to feeding strategy, prey importance, and niche width 

contribution before and after dredging. Atlantic croaker diets before dredging were 

composed mostly of amphipods (64%), copepods (27%), and polychaetes (10%). 

After dredging diets were composed mostly of amphipods (84%), polychaetes (12%), 

copepods (2%), and mysids (2%). Amphipods were the dominant prey type for 

Atlantic croaker before and after dredging, indicating more specialized feeding on 

this prey type and more generalized feeding on the remaining, rarer prey types. The 

lower number of prey types grouped with higher prey-specific abundances than 

frequencies of occurrence indicates that Atlantic croaker as a population exhibit high 

between-phenotype contribution before dredging occurred.  Atlantic croaker still 
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displayed BPC after dredging, but seemed to shift towards a broader niche width 

with amphipods and polychaetes displaying both higher prey-specific abundances 

and frequencies of occurrence, while copepods and mysids (a new prey type 

consumed after dredging) displayed lower values.  

 

 
Figure 17: Modified Costello graph displaying feeding strategy (specialization or 

generalization), prey importance (dominant or rare), and niche width contribution 

(high BPC, high WPC, or broad niche width) of Atlantic croaker before and after 

dredging. Refer to Figure 2 for description. A=Amphipods, C=Copepods, 

M=Mysids, and P=Polychaetes. 

 

 

The Ivlev’s Index (Figure 18) for Atlantic croaker displayed similar prey 

selectivity, as well. The index displayed two prey items that were both positively 
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selected before and after dredging: amphipods and copepods. The positive selection 

of Atlantic croaker on copepods is likely due to the lack of copepods found in 

environmental grabs and the presence in guts. Amphipods however are readily found 

in grabs, giving an accurate depiction for the index, and supporting the modified 

Costello plots’ findings that this is a key prey type for Atlantic croaker. Polychaetes 

were negatively selected for by Atlantic croaker before and after dredging. 

Polychaete abundances were lower in guts compared to polychaete abundances in 

the environment for both before and after dredging, indicating an inaccessibility of 

this prey item.  

 

 
Figure 18: The Ivlev’s Index scores (E) for prey species of Atlantic croaker before 

and after dredging. Ivlev’s score of +1 indicates prey that were abundant in guts, but 

absent or rare in environmental samples. In contrast, Ivlev’s score of -1 indicates 

prey that were abundant in the environment, but absent or rare in the guts of M. 

undulatus. 
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 Juvenile red drum gut contents (Figure 19) were comprised of fish, 

amphipods, tanaids, isopods, copepods, mysids, and ostracods before dredging. After 

dredging their guts were made up of fish, amphipods, isopods, copepods, mysids, 

and polychaetes. Before dredging fish, amphipods, and mysids displayed higher %F 

and %P than after dredging.  

 

 
Figure 19: Juvenile red drums’ gut contents displayed in frequency of occurrence 

(%F) to compare pre- and post-dredging. 

 

 

The modified Costello plot for juvenile red drum (Figure 20) depicted similar 

trends of feeding strategy, prey importance, and niche width contribution before and 

after dredging. A clustering of amphipods, copepods, and mysids, and another 

clustering of isopods, fish, ostracods, polychaetes, and tanaids display these major 

trends for both before and after dredging. Juvenile red drum displayed higher %F 

and %P before and after dredging for amphipods, copepods, and mysids suggesting 
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that these are the dominant prey types that red drum are specialized in feeding. Red 

drum also can be considered a generalized feeder on fish, isopods, ostracods, and 

tanaids before dredging, and on fish, isopods, and polychaetes after dredging. Due to 

the variety of prey types juvenile red drum consume, along with their feeding 

strategies, juvenile red drum exhibit a broad niche width.  

 

 
Figure 20: Modified Costello graph displaying feeding strategy (specialization or 

generalization), prey importance (dominant or rare), and niche width contribtion 

(high BPC, high WPC, or broad niche width) of juvenile Red Drum before and after 

dredging. Refer to Figure 2 for description. A=Amphipods, C=Copepods, F=Fish, 

I=Isopods, M=Mysids, P=Polychaetes, O=Ostracods, and T=Tanaids.  
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The Ivlev’s Index (Figure 21) for juvenile red drum further depicts their 

feeding and selectivity on key prey species. Juvenile red drum positively selected for 

fish, isopods, copepods, and mysids before and after dredging. All of which are 

exhibiting high E values due to their low abundances in environment grabs coupled 

with their abundance found in guts. Amphipods were positively selected by juvenile 

red drum before dredging, but were negatively selected after dredging indicating a 

change in feeding patterns. Before dredging red drum consumed a higher abundance 

of amphipods (20%) compared to mysids (17%), and both were positively selected 

due to their abundance found in guts and in the environment. After dredging red drum 

were feeding on a higher abundance of mysids (22%) compared to amphipods (17%). 

Juvenile red drum selected for mysids compared to amphipods, despite a rise in 

amphipod abundances in the environment after dredging (50%) compared to before 

dredging (16%).  
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Figure 21: The Ivlev’s Index scores (E) for prey species of juvenile Red Drum before 

and after dredging. Ivlev’s score of +1 indicates prey that were abundant in guts, but 

absent or rare in environmental samples. In contrast, Ivlev’s score of -1 indicates 

prey that were abundant in the environment, but absent or rare in the guts of S. 

ocellatus.  
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Discussion 

The purpose of this study was to determine how environmental dredging 

impacts benthic invertebrates and fish, and to quantify how those changes impact the 

food web. This was accomplished by examining how the most abundant infaunal 

community groups (crustaceans, mollusks, and polychaetes) changed in dredged vs. 

undredged muck sites (TCM and CCM, respectively), and in dredged vs. undredged 

intermediate sites (TC34 and TC12, respectively). The results display a recurring 

pattern of low or absent infaunal densities in muck prior to dredging, with increasing 

abundances after. Benthic predator (demersal fish) gut contents were examined to 

determine prey preferences, comparing gut content ratios to those of benthic 

invertebrates available in the environment.  This was contrasted before and after 

dredging to discover changes in dietary patterns related to dredging. The details of 

preferences and shifts are species-specific for fish, but dietary shifts following 

dredging are common.  

Dredging is typically considered to be an ecological disturbance because it 

alters sediment characteristics, increases turbidity and nutrient loads, and impacts 

benthic community structure (Bolam & Rees, 2003; Kelaher et al., 2003).  There 

have been many studies conducted on the negative impacts of dredging, whether for 

navigation (deepening channels), renourishing beaches, or for oil or gas drilling 

(Bolam & Rees, 2003; Hall & Harding, 1997; Ohimain et al., 2005; Thomas, 1993). 

Documented negative impacts often arise from the physical removal of sediments 
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and associated organisms (Newell et al., 1998), as well as the disposal of dredged 

material (Bolam & Rees, 2003). In contrast, this project examined the impacts of 

environmental dredging, a remedial process to remove polluted organic sediments 

(i.e. muck) with the intent of restoring benthic habitat. Cox et al. (2018) found that 

removing these organic sediments from Turkey Creek via environmental dredging 

allowed for some polychaete recovery in the most impacted areas, indicating that this 

could be a potential strategy for habitat restoration.  

Turkey Creek is a dynamic environment that exhibits a complex relationship 

between many factors, which is essential for understanding the accumulation of 

muck and the effects on organisms. Gray et al. (2002) conducted a review on 

eutrophication and hypoxia in coastal marine systems, and found that there wasn’t a 

simple relationship between the nutrient inputs, increased organic matter production, 

flux of particulate organic matter (POM), and the consequential sedimentation to the 

seafloor; similar to the complex relationship of the eutrophic Turkey Creek. Turkey 

Creek is a deep, salt-wedge tributary that receives high amounts of urban runoff and 

fine-grained, organic rich sediments, and has a history of impact from wastewater 

treatment plants (Sigua et al., 2000; Trefry et al., 2007). It also experiences major 

changes in salinity in association with rainfall events, and major dumping and 

accumulation of drift algae from the IRL basin following periods of strong winds 

(Shenker, 2018). The excessive amounts of muck in Turkey Creek can be attributed 

to the fact that Turkey Creek has been in a constant state of eutrophication; caused 

by an increase in nutrient and dissolved organic matter (DOM) concentrations more 
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than natural levels, which accompanies a greater production in POM in the water 

column, and is followed by the degradation of the organic matter onto the seabed 

leading to lowered oxygen concentrations and muck. Eutrophication in Turkey Creek 

has had many negative effects, especially lowering species abundance and diversity.  

Before dredging began in Turkey Creek, muck sites exhibited mucky 

sediments up to 3 meters thick in the deepest areas (Fox & Trefry, 2018), and such 

locations were virtually devoid of metazoan life (Cox et al., 2018; Johnson et al., 

2019). Following dredging, muck thickness decreased to <1 meter for 95% of sites 

(70% decrease in the mean thickness of muck) and volume dropped by 50% (Fox & 

Trefry, 2018).  This exposed sands that had been covered by muck for years.  Shortly 

after dredging, however, sandy substrata were re-blanketed or received more organic 

content due to muck slumping into dredged areas from the undredged perimeter, or 

from storms and currents redistributing muck from other parts of the bay.  Before 

dredging occurred, the muck sites with >1 meter of muck were inhospitable to life, 

while the intermediate sites had some organic content, which limited benthic 

populations to a lesser degree. Hope (2016) compared the basic fine-grained organic 

rich sediment (FGORS) indicator parameters, organic matter (%OM) and silt-clay, 

of Turkey Creek sediments to the infaunal community densities in Turkey Creek, and 

found an inverse logarithmic relationship. He also found a negative linear 

relationship between increasing organic matter (OM% or muck) in sediments of 

Turkey Creek and the resulting decrease in densities of crustaceans, polychaetes, and 

mollusks. The removal of muck and sediments of intermediate organic content is 
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hypothesized to create a benthic environment more hospitable to infaunal life, and in 

turn restore trophic relationships.  

Infaunal prey organisms (amphipods, bivalves, and polychaetes) appeared or 

increased in number following the removal of muck from dredged Turkey Creek 

muck sites (TCM) compared to the non-dredged Crane Creek muck sites (CCM). 

Dredged Turkey Creek sites that were once barren experienced the highest 

recruitment of amphipods, bivalves, and polychaetes observed in this study. 

However, months later amphipod and bivalve densities declined, with polychaete 

also declining, but more gradually. The decline of infauna in dredged muck might be 

explained by muck in neighboring, undredged areas slumping into the deeper valleys 

and covering or mixing with the sandier sediments. Hope (2016) found that as 

organic matter increases, all taxa (crustaceans, annelids, and mollusks) decreased in 

abundance, but annelids declined less rapidly. He also found that crustaceans were 

the most abundant group found in sediments with low organic matter, followed by 

mollusks, then annelids, suggesting that annelids in Turkey Creek were slightly less 

sensitive to organic matter and stressors than the other taxa groups. Gray et al. (2002) 

stated that there are general responses and assumptions that can be made in regards 

to the sensitivity of major marine taxa to eutrophication. The sensitivity of marine 

taxa to eutrophication is as follows: fish > crustaceans > annelids > mollusks. Within 

each taxon group, there is considerable variability in family and species sensitivities, 

which can be seen in Turkey Creek and this study.   
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There are many factors that can influence and limit distribution of 

amphipods: salinity, substrate preference, water temperature, dissolved oxygen 

concentration, pollution and seasonality (Feely & Wass, 1971). Amphipods are 

extensively used worldwide as environmental indicators to detect sediment 

contamination and changes in the benthic environment, and have also been 

documented to show responses to dredging (Melo & Nipper, 2007; Thomas, 1993). 

They are considered more sensitive than other benthic invertebrates, such as 

polychaetes and mollusks, due to their high degree of habitat specificity and niche 

requirements (Thomas, 1993). Feely and Wass (1971) described estuarine amphipod 

seasonality in the lower Chesapeake estuaries. The Chesapeake estuaries are similar 

to the IRL estuary in regards to their common Atlantic coast characteristic estuary 

features, such as sediments in deeper areas composed of more silt-clay and sandier 

sediments in shallower areas. Amphipod seasonality was described as follows: 

Juveniles repopulate in the spring, and populations grow upstream in estuaries in the 

summer and fall.  Towards the end of fall, as freshwater runoff increases, amphipods 

are swept down river. During winter and spring as freshwater runoff peaks, most 

species are moved down estuary, with remaining amphipod densities declining due 

to reduced salinities, cessation of reproduction, and predation. In Turkey Creek, the 

coupling of new habitat with amphipod seasonality may help explain the surge of 

amphipod occurrence followed by decline in dredged muck sites. Five species 

comprised amphipod abundances following dredging in Turkey Creek: Cerapus 

tubularis, Grandidierella bonnieroides, Cymadusa compta, Eusirus cuspidatus, and 
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Corophium spp. C. tubularis, G. bonnieroides, and Corophium spp. are known to be 

opportunistic, more tolerant, and occasionally abundant in fine grained substrata due 

to the nutrient advantages offered by organic-enriched sediments (Borja & Perez, 

2000; Feely & Wass, 1971; Hindari et al., 2010). Grizzle (1984) defined 

opportunistic species as those exceeding 2,000 individuals m-2 during a 

recolonization event followed by a population crash. He found that Corophium and 

G. bonnieroides were both opportunistic species, but that G. bonnieroides 

substantially exceeded densities and showed more than one event of rapid 

invasion/population crash similar to our results. G. bonnieroides experiences both a 

juvenile and adult pelagic dispersal mechanism, broods its young, and attains high 

densities due to their tendencies to migrate and settle together (Santos & Simon, 

1980), possibly explaining their common occurrence in large numbers in Turkey 

Creek. The more sensitive species, C. compta and E. cuspidatus, were also found, 

but at lower abundances.  

Bivalves also recruited into the dredged muck sites with their most significant 

increase. By the fall of 2017, bivalve numbers had declined, but a limited population 

persisted from that point forward to the end of the sampling period. Mollusks are also 

indicators for environmental change and water quality, but are known to be more 

resilient than some other benthic groups (Gray et al., 2002; McKeon et al., 2015). 

The two species of bivalves found at the dredged Turkey Creek muck sites were 

Mulinia lateralis and Parastarte triquetra, which are common in the Indian River 

Lagoon (Mikkelsen et al., 1995). M. lateralis is an opportunistic, small infaunal 
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bivalve with pelagic larval dispersal, which yields variable annual recruitment 

(Santos & Simon, 1980), a known pattern with complex pelagic life cycles 

(Luckenbach, 1984).  In the Chesapeake Bay, M. lateralis is considered an 

environmental indicator for pollution (Weisburg et al., 1997). In contrast to M. 

lateralis, P. triquetra has limited dispersal and more restricted habitat, and are thus 

prone to extinction (Mikkelsen et al., 1995). Thus, both bivalve species may provide 

some indication of the degree of environmental sediment quality and success of 

restoration. 

Polychaetes at dredged muck sites in Turkey Creek also increased after 

dredging, subsequently declining. The two main species that comprised polychaete 

abundances were Capitella capitata and Glycera americana. Polychaetes are 

considered a more sensitive group compared to bivalves and there are species which 

thrive in eutrophic conditions and are commonly used as pollution indicators 

(Olsgard et al., 2003; Grizzle, 1984; Pearson & Rosenburg, 1978). Capitella capitata 

can quickly colonize previously defaunated organic-enriched sediments, presumably 

through a combination of tolerating low oxygen conditions and competitive ability 

(Grassle, 1974; Hutchings, 1998; Weisburg et al., 1997; Young & Young, 1982). 

Experimental studies have shown that C. capitata recolonizations occur more 

frequently and in greater numbers in sediments with more mud than sand (Zajac & 

Whitlach, 2001), which was consistent in this study when comparing polychaete 

species in dredged muck sites compared to dredged intermediate sites. G. americana 

has been considered both a species more sensitive to organic-enriched sediments 
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(Weisburg et al., 1997) and a species tolerant to metal contaminated sediments (Ward 

& Hutchings, 1996). These two species occurring in dredged muck sites suggests the 

benefit of the previously organic-enriched habitat to both species. Cox et al. (2018) 

also found that these polychaete species would appear following dredging and 

persist; there is a compelling case for the success of dredging in restoring benthic 

habitat for polychaetes.  

Dredged muck sites display a consistent pattern of infauna appearing 

following dredging, and then persisting in modest numbers. Before dredging, 

infaunal organisms were absent due to the high sediment organic content and 

associated characteristics. After dredging begins, however, infauna began recruiting 

into the newly exposed substrata. Eventually the recruitment pulses decline, most 

likely due to the muck reaccumulating. The most important trend to note is the 

absence of infauna in muck prior to dredging, and their rapid appearance afterwards.  

Sites with sediments of intermediate organic content exhibited a very 

different response to dredging compared to muck sites. Intermediate sites hosted a 

fairly diverse community of infaunal organisms before dredging, unlike the muck 

sites, and displayed an overall decrease in abundances following dredging. In Turkey 

Creek, there is evidence, and local memories confirm, that intermediate sediment 

sites once hosted seagrass meadows and complex associated communities of fish and 

invertebrates. These sites, however, are now almost completely depleted of seagrass 

and have lower densities of animals. The undredged intermediate sites (TC12) hosted 

more infauna compared to the dredged intermediate sites (TC34) both before and 
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after dredging, with one possible reason due to the amount of muck that was mixed 

into the sandy sediments. Before dredging, the undredged intermediate sites 

displayed intermediate sediments with >10 cm of muck mixed into the sandy 

sediment, meanwhile dredged intermediate sites displayed intermediate sediments 

with up to 50 cm- 1m thick in muck mixed into the sandy sediment (Fox & Trefry, 

2018). The undredged intermediate sites also displayed lower mean values of organic 

matter (OM%), silt-clay (%), and water weight (%) compared to dredged 

intermediate sites both before and after dredging (Mallick, 2019).  Infaunal densities 

exhibit an overall decline from dredging, but then observe their highest 

densities/peak after dredging is completed. The site and season of the density peak 

differed based on infaunal taxa.      

The undredged intermediate sites (TC12) displayed (on average before, 

during, and after dredging) higher abundances of taxa (amphipods, bivalves, 

polychaetes, and tanaids) than the dredged intermediate sites (TC34) most likely due 

to muck thickness, lower FGORS parameters, and infaunal seasonality. Amphipods, 

bivalves, polychaetes, and tanaids were all affected by site, while amphipods and 

bivalves were also affected by year. Not only were TC12 sites a better habitat for 

infauna due to the lower organic matter and silt-clay, but also they were closer to 

potential source populations for immigration, such as seagrass sites in the IRL. 

During the dredging timeframe, populations saw greater declines in the dredged 

intermediate sites (TC34) caused by disturbances from dredging (e.g., removal of 

intermediate surface sediments). Amphipods were the only taxa that were impacted 



57 

 

by the interaction between site and time, suggesting that the act of dredging had an 

impact on their populations.  

After dredging was completed, undredged intermediate sites experienced 

their largest recruitment of amphipods in the summer of 2017, while dredged 

intermediates sites experienced their largest recruitment of amphipods in the fall of 

2017. Amphipod recruitment into the undredged intermediate sites first and then into 

the dredged intermediate sites could possibly be due to dredging providing a better 

habitat, but limited by supply and seasonality.  In this scenario, the fall recruitment 

pulse in the dredged intermediate sites would eventually arise after the time lag 

required for migrating amphipods to make their way upstream. Before dredging, the 

two main species of amphipods found at TC12 were Cymadusa compta and 

Grandidierella bonnieroides, and at TC34 the majority of abundances were made up 

by Eusirus cuspidatus, 2 Grandidierella spp., and C. compta. After dredging 

occurred, both sites saw a change in the major types of amphipods contributing to 

the overall amphipod abundance to more tolerant and opportunistic species of 

amphipods, with TC12 sites composed of mostly Cerapus tubularis and TC34 sites 

comprised of both G. bonnieroides and C. tubularis. C. tubularis and G. 

bonnieroides are known to be opportunistic, more tolerant, and occasionally 

abundant in silt/clay due to the nutrient advantages offered by organic-enriched 

sediments (Borja & Perez, 2000; Feely & Wass, 1971; Hindari et al., 2010). Mallick 

(2019) discussed the influence of sediment characteristics on these amphipod 

abundances after dredging, and explained that v.  
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Bivalves at both intermediate sites did not reach peak abundance until the end 

of the study in summer 2018. The intermediate sites are much shallower than the 

muck sites, and therefore the water column and sediments undergo quicker exchange 

of particles and solutes (Balthis, 2002). While the nearby dredging was contained 

within a turbidity curtain, these sites already experienced high rates of silt-clay 

sedimentation due to the accumulated muck. Peterson (1985) observed high 

mortality of bivalves following high rates of sedimentation of fine silts and clays 

deposited from flooding in Mugu Lagoon, California; turbid water can cause the 

disappearance of filter-feeding bivalves (Steele-Petrovic, 1975). Some bivalves are 

able to withstand some turbidity by adjusting their feeding, but high turbidity clogs 

bivalve gills as they attempt to acquire food and oxygen. Once dredging was 

completed and the sediments were sandier, bivalves slowly recruited back in, but 

didn’t reach peak abundances until over a year later in summer 2018. This significant 

recruitment into both dredged and undredged intermediate sites might be explained 

by the lower sedimentation rates, proximity to the IRL, and bivalve seasonality. M. 

lateralis and P. triquetra made up the majority of bivalves at both sites before 

dredging, but M. lateralis dominated in both locations after dredging. M. lateralis 

experiences variable annual recruitment (Santos & Simon, 1980), but at all muck and 

intermediate sites the largest recruitments occur in the summer months. M. lateralis 

are more suited to survive stressful conditions, such as escaping burial in unstable, 

oxygen-deficient sediment due to behavioral and physiological adaptations 



59 

 

(Shumway, 1983). These adaptations explain how M. lateralis easily dominated the 

newly, more stable intermediate sites, especially after dredging.  

The largest recruitment of polychaetes into intermediate sites of Turkey 

Creek occurred after dredging (fall 2017) in the dredged intermediate sites (TC34), 

while the undredged intermediate sites saw their largest recruitment before dredging 

began (winter 2015). Cox et al. (2018) found that some polychaete species 

disappeared from intermediate sediment sites immediately following dredging, and 

was suggested to be due to an increase in fine-grained organic rich sediments 

following the dredging. The majority of densities at undredged intermediate sites 

were composed of Capitella capitata and Glycera americana, and mostly G. 

americana at dredged intermediate sites after dredging. C. capitata was able to 

quickly colonize the defaunated, but still slightly polluted, undredged intermediate 

sediments (Grizzle, 1984), but not the dredged intermediate sediments due to their 

sensitivity to the elevated hypoxia (Cox et al. 2018). G. americana, a known sensitive 

species to organic-enriched sediments (Weisburg et al., 1997), dominated the 

dredged intermediate sites following dredging. A more sensitive species dominating 

the dredged intermediate sites, most likely due to the removal of muck, also makes a 

compelling case for the success of dredging in restoring benthic habitat for 

polychaetes. 

Tanaid abundances varied in undredged intermediate sites (TC12) throughout 

the course of the study, while in dredged intermediate sites (TC34) they were absent 

until after dredging was completed. The varying abundances in the undredged 
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intermediate sites is most likely driven by seasonality of tanaids and their high 

sensitivity to silt-clay. Tanaid reproduction is biannual and typically occurs during 

spring and fall (Krasnow, 1992), consistent with observations at undredged 

intermediate sites. Tanaids brood their young and release the benthic larvae or 

juveniles directly into the habitat, lacking a planktonic or swimming dispersal phase  

(Highsmith, 1985; Holdich & Jones, 1983). Limited dispersal and environmental 

intolerances could explain why they don’t occur in the dredged intermediate sites 

until after dredging. Tanaids burrow or build tubes in soft-bottom habitats and enter 

the water column only when disturbed (Highsmith, 1985). Tanner (2005) found that 

tanaids are edge specialists, experiencing low abundances in both sand and seagrass, 

but higher abundances at the boundary/edge of the seagrass habitat. Directly outside 

the mouth of Turkey Creek are seagrass habitats that experience higher densities of 

tanaids, and they could be carried on currents into TC12 sites even though they may 

not survive long due to pollution or organic intolerances (Nelson, 1995). Leite et al. 

(2003) found that while organic matter content had a positive influence on tanaid 

populations, silt-clay contents negatively affected tanaid populations.  Tanaids 

occurred more often and in higher abundances in the undredged intermediate sites 

(TC12) most likely due to the lower silt-clay content (Mallick, 2019) compared to 

the dredged intermediate sites throughout the entire course of the study. The 

recruitment of tanaids into dredged intermediate sites after dredging is completed 

displays that dredging could be restoring benthic habitat for tanaids.  
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Environmental dredging is intended to remove contaminated sediments and 

restore benthic habitat, especially seagrasses. Demersal fishes and their benthic 

invertebrate prey are known to utilize seagrasses as critical habitat, and their 

association with seagrasses has implications for trophic relationships and energy 

flow  (Dawes et al., 1995; Gilmore, 1995; Hutchings, 1998; Mikkelsen et al, 1995; 

Luckovich et al., 2002; Neslon, 1995; Nestlerode & Diaz, 1998; Vaslet et al., 2012) 

Eutrophication and seagrass decline in Turkey Creek has likely impacted these 

trophic relationships in some way. For instance, a common symptom of 

eutrophication is hypoxia, which can promote the transfer of benthic production to 

higher trophic levels (Nestlerode & Diaz 1998).  Hypoxia can lead to higher rates of 

predation on benthic invertebrates due to their inability to escape and vulnerability 

from altered survival behaviors (Nestlerode & Diaz, 1998; Pihl et al., 1992; Wu, 

2002). When oxygen concentrations decline, infaunal organisms will migrate to the 

surface and sometimes emerge from sediments. Different benthic invertebrate taxa 

display different tolerances to hypoxia, and low tolerance could mean differential or 

selective predation on those organisms. For example, bivalves experiencing hypoxia 

will limit burrowing, increase exposure, extend siphons, increase water processing 

rates, and/or reduce activity levels (Nestleroade & Diaz, 1998; Shumway et al., 1983; 

Steele-Petrovic, 1975; Wu, 2002). Polychaetes, on the other hand, will emerge from 

sediments and, in an attempt to acquire more oxygen, will undulate to create a current 

(Nestlerode & Diaz, 1998; Wu, 2002). Limp and motionless infaunal species exposed 

to low dissolved oxygen can typically recover and re-burrow if the hypoxic period is 
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brief, provided they were not consumed while vulnerable. If dissolved oxygen stays 

low or continues to fall, infauna become more vulnerable and predation by demersal 

fish will increase. Mortality can occur from predation or prolonged hypoxia. Benthic 

feeding fish may quickly change their feeding habits to take advantage of exposed or 

lethargic prey (Diaz et al., 1992). Of course, fish also can be negatively impacted by 

hypoxia, but they cruise centimeters or more above the sediment where hypoxia is 

less severe.  They also have the ability to migrate out of hypoxic areas, but can briefly 

return to take advantage of weakened infauna and/or will return when oxygen levels 

have risen, but before infauna have recovered (Nestlerode & Diaz, 1998). This 

phenomenon of increased or differential predation due to hypoxia could potentially 

be seen in Turkey Creek. Hope (2016) displayed a positive linear relationship 

between the accumulations of silt-clay and organic matter in Turkey Creek, and in 

turn found that as organic matter increases, dissolved oxygen plummets. The 

tolerance of hypoxia to prey items in Turkey Creek is speculated to be 

crustaceans<annelids<mollusks based on Hope’s (2016) findings of infauna 

sensitivity to organic matter and Gray’s et al. (2002) categorizations of infauna 

sensitivity to eutrophication. Crustaceans were the heaviest consumed prey group of 

all three species of predatory fish, and could have been preyed upon not only because 

they are a main prey item, but also because they could have been more available in 

hypoxic conditions. Polychaetes were consumed on average more than mollusks 

even though they were more tolerant to organic matter, indicating that they were 

probably more susceptible to predation due to their more exposing reactions in 
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hypoxic situations. The impact on trophic relationships from a decline in seagrasses, 

eutrophication, and hypoxia will all hopefully be minimized and restored from the 

removal of muck.  

 Mojarra displayed a change in diet and feeding strategy when comparing 

before and after dredging. Before dredging, mojarra consumed a wider range of non-

specific prey items at lower abundances. This indicates a higher within-phenotype 

component (WPC) where the mojarra population was comprised of generalized-

feeding individuals each utilizing many resource types simultaneously. In contrast, 

after dredging mojarra consumed a smaller range of rare prey items, and specialized 

in feeding on amphipods. The observed shift in feeding patterns from a generalist to 

a specialist can be linked to dredging. Following dredging, there were higher 

amphipod abundances in Turkey Creek and in turn mojarra fed on them in greater 

abundance. Amphipods were the only prey type that was positively selected relative 

to environmental availability both before and after dredging. Despite mojarra’s 

specialty on amphipods, mysids were consumed at a higher abundance and frequency 

before dredging occurred. Mysids were consumed more than amphipods before 

dredging due to the lower abundances of amphipods before dredging. While the 

majority of benthic predators prey types (amphipods, bivalves, polychaetes, and 

tanaids) were sampled via environmental grabs, there was one major prey type that 

was likely present in the environment and avoided being caught in the grabs: mysids. 

Roast et al. (1998) described inadequate sampling of mysids occurs due to evasion 

of most sampling gear, but that mysids still display high densities in estuaries and 
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are an important link in energy transfer.  Before dredging, mojarras in this study were 

generalized feeders, feeding on whatever prey were available, but after dredging 

were specialized feeders on amphipods. Gning et al. (2010) studied mojarra in a 

tropical estuary in Senegal and found their diets were also characterized by a variety 

of benthic invertebrates. They also displayed differences found in mojarra diets in 

relation to salinity, locality and substrate. Areas similar to Turkey Creek, with 

medium salinities, less mangroves, and more flats displayed amphipods as the main 

prey item of mojarra, consistent with this study. In a sandy shore on the southeastern 

coast of Brazil, the feeding behavior and morphology of Eucinostomus gula relied 

on visually inspecting the substrate before protracting its tubular mouth to slurp 

benthic invertebrates (crustaceans and polychaetes) out of the sand (Zahorcsak et al., 

2000). Zahorcsak et al. (2000) suggested that mojarra’s foraging strategy is to select 

patches of highest prey density, consistent with optimal foraging theory (Stephens & 

Krebs, 1986). After dredging, mojarra consumed on average 10% more prey items 

and, since infaunal abundances also increased, dredging could be providing a higher 

concentration of prey items and/or better conditions (lower turbidity, sandier 

sediments) for easier foraging.  

 Atlantic croaker experienced similar dietary trends before and after dredging. 

Atlantic croaker fed upon amphipods, copepods, and polychaetes before and after 

dredging. Atlantic croaker displayed a higher between-phenotype component (BPC) 

than mojarra and red drum, with different croaker individuals specialized on different 

prey types. Previous studies of Atlantic croaker from other locations indicate a wide 
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variety of mostly benthic prey items (amphipods, polychaetes, bivalves, copepods, 

shrimp)  (Chao & Musick, 1977; Govoni et al., 1986; Overstreet & Heard, 1978; Pihl 

et al., 1992; Soto et al., 1998). Chao & Musick (1977) conducted gut content analyses 

on Atlantic croaker in York River Estuary and found that their main prey items were 

polychaetes and crustaceans. Overstreet & Heard (1978) compared nearshore and 

offshore diets of Atlantic croaker from the Mississippi Sound, which differed due to 

a reflection of available prey in the respective locations. Notably, amphipods (i.e., 

Corophium sp.) were the primary prey ingested in the Mississippi Sound. In this 

study, gut contents were not identified to species, but Corophium spp. did contribute 

to the amphipod community in the environment. Amphipods were the most important 

(i.e., abundant) prey items in Atlantic croakers guts. As dredging allowed for an 

increase in amphipods, this in turn enhanced Atlantic croaker consumption of 

amphipods. Another important prey item for Atlantic croakers in this study were 

polychaetes. Baustian et al. (2009) found that polychaetes and smaller numbers of 

crustaceans in hypoxic areas in the Gulf of Mexico dominated the diet composition 

of croakers. As hypoxia affected benthic infauna and caused shifts in prey quality or 

availability, polychaetes played a role in mediating the effects of hypoxia on the 

foraging and growth of Atlantic croakers in the gulf. Atlantic croaker’s consumption 

of amphipods and polychaetes (in higher frequencies of occurrence) in Turkey Creek 

is due to their specialization on these two prey types, but it also could be an impact 

of hypoxia and eutrophication.  



66 

 

 Juvenile red drum experienced similar feeding patterns in regards to feeding 

strategy, prey importance, and niche width contribution before and after dredging. 

Red drum before and after dredging displayed specialization on the dominant prey 

items: copepods, mysids, and amphipods. Specialization in one to a few prey items 

has been observed in juvenile red drum (Scharf & Schlicht, 2000).  Red drum also 

display generalized feeding, but on less common prey items. Soto et al. (1998) found 

that juvenile red drum may have stage-specific dietary strategies, where fish >9.99 

mm SL (standard length) feed primarily on copepods and fish ≥12 mm SL consume 

mostly mysids, prey items consistent with those observed in this study. Mysids and 

amphipods seem to play similar roles in juveniles’ diets based on the modified 

Costello graph before and after dredging, but the index allows for further 

investigation into the dominant prey item. While they were both commonly 

consumed by individuals and selected for before dredging, mysids were still 

positively selected after dredging while amphipods were negatively selected after 

dredging. Despite increased amphipod densities found in all Turkey Creek sites, 

juvenile red drums targeted copepods and mysids over amphipods, a known 

preference (Baltz et al., 1998; Peters & McMichael, 1987).  

Dietary overlap occurred in both species of sciaenids (Atlantic croaker and 

Red Drum) in this study.  The major prey items of both species included amphipods, 

copepods, mysids, and polychaetes, but with varying quantities.  In Texas seagrass 

meadows, juvenile Atlantic croaker and juvenile red drum observed dietary overlap 

with major prey items including copepods and mysids, but in varying quantities (Soto 
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et al., 1998). They also found that these seagrass meadows were a more suitable 

habitat for both species compared to sites lacking seagrass. It has been suggested that 

the large dietary overlap seen in these sciaenids is able to occur through niche 

partitioning via the seagrass habitat (Chao & Musick, 1977; Rooker et al., 1998; Soto 

et al., 1998). Rooker et al. (1998) determined juvenile red drum inhabited seagrass 

meadows during the spring and summer, while Atlantic croaker was present during 

the fall and winter. Atlantic croaker and juvenile red drum in Turkey Creek displayed 

a similar temporal trend in shifting dominance, which should reduce interspecific 

competition by separating their benthic habitat use in time.  

 All three predatory fish species consumed a variety of the benthic 

invertebrates in Turkey Creek before and after dredging, indicating that, despite 

eutrophication, this is an important habitat in their life histories. Dredging of muck 

is intended to improve degraded sediments in hopes of returning Turkey Creek to 

ecosystem health. If environmental dredging changes types and amounts of benthic 

organisms in the sediments, it can be expected that fish diets, and perhaps fish 

presence, may shift as well.  
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Conclusion 

Before dredging began in Turkey Creek, muck sites were virtually devoid of 

metazoan life. After dredging was completed, infaunal densities increased in muck 

sites. Sites with sediments of intermediate organic content exhibited a very different 

response to dredging compared to muck sites. Intermediate sites hosted a fairly 

diverse community of infaunal organisms before dredging, unlike the muck sites, and 

displayed an overall decrease in abundances following dredging. Despite the overall 

decrease in infaunal abundances in intermediate sites after dredging, the months after 

dredging was when each infaunal grouping experienced their largest recruitment in 

the course of the study. Indicating an overall improvement in benthic habitat, and 

possible restoration if efforts continue. All three predatory fish species consumed a 

variety of the benthic invertebrates in Turkey Creek before and after dredging, 

indicating that, despite eutrophication and muck, this is an important habitat in their 

life histories. After dredging, all three benthic predators were able to better consume 

their preferred prey species in higher abundances, and since infaunal abundances also 

increased, this provides a compelling case in dredging restoring not only benthic 

habitats, but also trophic relationships, by providing a higher concentration of prey 

items and/or better conditions (lower turbidity, sandier sediments) for easier 

foraging. 
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