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Abstract 

The Black Drum (Pogonias cromis) is a large-bodied sciaenid species occurring 

throughout warm-temperate to subtropical estuaries including the Gulf of Mexico. This 

sportfish is economically important to Texas having generated $1.6 million in landings in 

2013, second only to Louisiana in the U.S. Within Texas’ bays and estuaries, Baffin Bay 

supports the highest relative abundance of Black Drum. In late 2012, the Texas Parks and 

Wildlife Department reported an emaciation event among the Black Drum population of 

Baffin Bay, represented by underweight fish with jelly-like fillets. Due to a lack of 

environmental and biological data collected in the Baffin Bay ecosystem during this time 

period, it was difficult to determine the proximate causes. Although a number of factors 

may have been responsible, I sought to determine whether trophic dynamics could play a 

role. In this study, I characterized: 1) the distribution and abundance of benthic food 

resources, and 2) the diet of Black Drum using a combination of stomach content analysis 

and stable isotopes. Macrofauna (<500 µm) abundance, diversity and biomass were 

examined in conjunction with hydrological parameters throughout Baffin Bay from 

March 2014 to March 2015. The diet of Black Drum during this period was evaluated 

using gut content analysis and stable isotopes of C and N. Of 21 different food categories 

identified, bivalves and polychaetes were the two most frequently occurring prey items in 

the 264 drum stomachs analyzed. Vacuity indices reflected the proportion of empty 

stomachs, indicating relatively full stomachs (0≤VI≤20) in all Baffin Bay regions except 

Baffin Bay proper (VI=63.16). The Strauss Index (L>0) indicated that Black Drum were 

positively selecting gastropod and bivalve prey over other available benthic invertebrates. 

Isotopic compositions of macrofauna were -24.89 to -13.79‰ for δ13C, and 4.36 to 
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11.36‰ for δ15N. Sediment organic matter ranged from -19.04 to -22.11‰ for δ13C, and 

4.1 to 10.19‰ for δ15N. Isotopic composition of Black Drum stomach contents ranged 

widely for δ13C, from -26.7 to -12.8‰, and from 4.7 to 11.4‰ for δ15N. Black Drum 

muscle tissue ranged from -21.13 to -13.68‰ for δ13C and 7.93 to 12.43‰ for δ15N. 

These results indicate Black Drum rely on a wide variety of benthic invertebrates, 

including those that depend on both benthic (e.g. annelids) and pelagic (e.g. bivalves) 

food sources. My study demonstrates the benefits of using stable isotopes as a 

complement to traditional stomach content analysis in characterizing fish diets. Such an 

approach provides key information to fisheries resource managers so they may better 

understand, plan, and respond to future emaciation events.  
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Literature Review of Black Drum in Texas	

Life History 

Black Drum, Pogonias cromis, are large-bodied sciaenid sportfish species 

occurring throughout warm-temperate to subtropical estuaries in stretching from 

Argentina up to the Gulf of Mexico and northwest Atlantic (New England) (Leard et al. 

1993). The natural history of Black Drum was first described by Pearson (1929); they 

mature at approximately two years of age, or 285-330 mm, and spawn between February 

and March in open bays and estuaries of the Gulf of Mexico. Larval transport and 

juvenile maturation depend on tidal currents and estuary protection to attain full adult 

size. The average size of Black Drum in the Gulf of Mexico is approximately 59.7 cm 

(Pearson 1929, Doerzbacher et al. 1988). Black Drum are euryhaline species that 

establish bay fidelity upon maturation (Simmons and Breuer 1962).  

Population dynamics and Baffin Bay 

A considerable amount of research has been devoted to Black Drum predation on 

oyster reef and benthic communities (Blasina et al. 2010, Brown et al. 2003, Brown et al. 

2006), including feeding effects and fine-scale habitat use (George 2007, Brown et al. 

2008). Despite the rather ubiquitous nature of this species in the Gulf of Mexico, there 

have been no recent studies of Black Drum feeding behavior in other habitats (sand and 

mud bottoms) or across large spatial scales (>10 km2). Estuarine bay systems are 

important for Black Drum spawning and recruitment (Beckman 1990, Nieland 1993, 

Ross et al. 1983), however the factors explaining Black Drum spatial distribution patterns 

remain poorly understood (Brown et al. 2008). Black Drum can rapidly achieve large size 
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and sexual maturity (at 2-3 years), providing the ecological advantage of maintaining 

high population numbers when compared to other long-lived but slower-growing fish 

(Pearson 1929, Jones and Wells 1998). Predatory fish populations such as Black Drum 

can serve as keystone predators in estuarine trophic webs, playing an integral role in the 

environmental stability of surrounding nursery habitat (Paine 1966; 1969, Osburn and 

Matlock 1984) and adding resilience to the commercial and recreational fisheries that 

depend on them.  

The Baffin Bay Complex (BBC; comprising Baffin Bay proper, Laguna Salada, 

Cayo de Grullo, and Alazan Bay) is a shallow (2.3 m), microtidal, wind-driven estuary 

reaching inland from the Upper Laguna Madre (ULM) of South Texas. Long residence 

times (exceeding 1 year) paired with minimal freshwater inflow and high evaporation 

rates create a system that is prone to hypersaline conditions and susceptible to water 

quality degradation and eutrophication (Buskey and Stockwell 1993, Buskey et. al 1997, 

Eby et al. 2005, Reid 1961, Shormann 1992, Montagna and Palmer 2012). Freshwater 

inflow to the Baffin Bay Complex is delivered by Petronila, San Fernando and Los 

Olmos ephemeral creeks. Alazan Bay, Cayo de Grullo and Laguna Salada form the 

tertiary arms of the Baffin Bay Complex and are characterized by muddy sediments, 

phytoplankton-based primary production, and mollusk-rich benthos (Street et al. 1997). 

The Baffin Bay Complex is adjacent to the Upper Laguna Madre (ULM), which is unique 

in its large beds of Halodule wrightii and Thalassia testudinum seagrass. The presence of 

these mollusk- and seagrass-containing areas attract various fish species leading this 

region to support some of the highest catches of sportfish—including Black Drum—

along the Texas coast (TPWD). The economy of Texas generated an estimated $1.6 
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million from Black Drum landings during 2013, the second most profitable state in the 

United States after Louisiana (NOAA Fisheries 2013). Despite flourishing Black Drum 

populations in Texas, these popular sportfish are subjected to fishing pressure and 

extreme environmental (particularly salinity) conditions in the Baffin Bay system.  

Prey and feeding strategy 

Black Drum possess powerful pharyngeal jaws composed of large molariform 

teeth and grinding plates, allowing them to ingest hard-shelled benthic prey (Cousseau 

and Perrotta 2004, Benson 1982). Pogonias cromis orient to and feed in benthic 

environments such as seagrass, oyster reef, sand, and mud bottoms (Leard et al. 1993). 

Previous research indicates that Black Drum diet varies ontogenetically, with smaller 

individuals preferring crustaceans, worms, or small bivalves (e.g. Mulinia lateralis, dwarf 

surf clam), while larger individuals consuming large, hard-shelled mollusks such as 

eastern oyster, Crassostrea virginica (Leard et al. 1993; Sutter et al. 1986; Peters and 

McMichael 1990). Previous observations of these benthic predators report formations 

feeding pits by Black Drum as they wallow on their noses and sides in beds of benthic 

macrofauna, where prey is collected in the pharyngeal cavity through the mouth or gills 

for crushing (Fisk 1959). This digging in bottom sediments while feeding results in Black 

Drum nearly standing on their heads in shallow water, termed “flagging” when their 

caudal fins are exposed (Darnell 1958). Black Drum are also trophic opportunists, 

capable of adapting their feeding strategy in response to seasonal shifts (Blasina et al. 

2010).  
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Benthic ecology and economics in the Baffin Bay Complex (BBC) 

The benthic prey communities on which Black Drum feed are unique 

bioindicators of environmental change, integrating ephemeral water column conditions 

over time to provide a long-term record of short-term changes (Beseres-Pollack et al. 

2009; Montagna et al. 2002). Benthic prey communities are relatively long-lived and 

sessile, have an intermediate trophic position, and demonstrate a variety of consistent 

responses to multiple sources of stress (Pearson and Rosenberg 1978, Bilyard 1987, 

Weisberg et al. 1997, Beseres-Pollack et al. 2009; Montagna et al. 2002). As important 

food sources for predatory fish populations, combining analysis of fish stomach contents 

and stable isotope composition can help determine which food resources are utilized by 

consumers over both short and longer time scales (Peterson and Fry 1987, Fry and Parker 

1979, Fry and Sherr 1984). With over two million sportfish anglers in Texas generating 

an economic impact of over $2 billion a year (Southwick Associates 2012; USFWS 

2011), it is important to better understand Black Drum’s susceptibility to surrounding 

environmental conditions and shifts in benthic prey communities to support future 

management of this key resource.  
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Chapter 2: Diet of Black Drum (Pogonias cromis) using a combination of stable 

isotope and stomach content analyses 

Introduction 

 The Black Drum, Pogonias cromis, is a large-bodied sciaenid fish that 

occurs in warm-temperate to subtropical estuaries in the northwest Atlantic Ocean, 

including the Gulf of Mexico (Leard et al. 1993). Black Drum are an important 

recreational and commercial fishery species throughout their range (Ross et al. 1983, 

Osburn and Matlock 1984). They are primarily benthic, with juvenile and adults utilizing 

a variety of estuarine bottom habitats such as seagrass, oyster reef, sand and mud bottoms 

(Leard et al. 1993). Juvenile and adult Black Drum exploit a variety of these benthic food 

resources within estuaries using their mouth and chin barbels to search for food and their 

strong pharyngeal teeth to crush the shells of mollusks and crustaceans (Simmons and 

Breuer 1962). Black Drum diet varies ontogenetically with smaller individuals 

consuming primarily soft-bodied prey such as annelids and larger individuals consuming 

mollusks, decapod crustaceans, and fishes (Dugas 1986).  

 Fish trophic ecology has been inferred primarily from stomach content analysis 

(Blasina et al. 2010), which provides information on fish food resources but only presents 

a snapshot of prey items recently ingested (Pinnegar and Polunin 1999). Differential 

digestion has been found to cause errors in determination of diet, where food resources 

that are rapidly digested such as annelids (Kennedy 1969) may be underrepresented 

compared to overrepresentation of food resources with calcium carbonate shells or 

chitinous pieces (Hyslop 1980). It is also not always clear from stomach content analysis 

how much a particular ingested food resource will contribute to production of the 



9 
	

 
 

consumer itself. Distinguishing between ingested and assimilated food resources is 

important because individual diets can vary substantially depending on individual size, 

food availability, and other factors (Polis and Strong 1996).  

 Analysis of stable isotope composition of fish can be used to determine the 

different food resources they utilized (Fry 2006; Peterson and Fry 1987). Stable isotope 

analysis is complementary to stomach content studies to elucidate what food resources 

are really assimilated (Pinnegar and Polunin 2000, Lebreton et al. 2011, Lebreton et al. 

2013, Fry et al. 2008, Pethybridge et al. 2011, Genner et al. 2003, Carrasson and Cartes 

2002). Stable isotopes integrate short-term variation in diet and thus are less biased by 

temporal (i.e., day to day) variability (Pinngear and Polunin 2000; Grubbs et al. 2013). 

Carbon isotope composition in particular can be useful for identifying origin of food 

resources (Fry & Sherr 1984; Peterson and Fry 1987) since primary producers access 

different pools of CO2 and carry out photosynthesis through various pathways in the 

carbon cycle.  

 Along the Texas coast, Black Drum are most abundant in the Baffin Bay Complex, 

comprising Baffin Bay proper and three tertiary bay arms (Grubbs et al. 2013, 

Bumguardner et al. 1996). The bay system has been historically productive for Black 

Drum (Cornelius 1984a, 1984b). Previous research indicates Black Drum movement 

between Texas bay systems is minimal and suggests Texas bays are closed systems with 

limited access in regards to Black Drum populations (Osburn and Matlock 1984). In 

2012, Black Drum landed by both recreational and commercial fisheries were exhibiting 

abnormal physical characteristics including below average weights, transparent or “jelly-

like” tissue morphology, and empty guts (Grubbs et al. 2013, Olsen et al. 2014). Such 
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emaciated conditions parallel the reported mushy halibut syndrome in Alaskan waters, 

suspected to be caused due to a nutritional deficiency and observed as severe muscle fiber 

atrophy, fragmentation, and necrosis (Meyers et al. 2008). Previous stomach contents 

analysis studies identified the dwarf surf clam Mulinia lateralis as the primary food 

resource of Black Drum in the Baffin Bay Complex (Martin 1979). Densities of Mulinia 

lateralis are quite variable over time (Montagna et al. 1993, Breuer 1962, Simmons & 

Breuer 1962, Martin 1979), and have not been assessed in nearly a decade. The rationale 

for this study is that information on the benthic food resources available to Black Drum, 

as well as the utilization of these prey items in the Black Drum diet, is key to better 

understanding their population dynamics and the potential drivers of emaciation events.  

 The objectives of this study were: (1) to characterize the distribution and abundance 

of potential benthic food resources in the Baffin Bay Complex, and (2) to assess the 

extent to which stable isotope and stomach content analysis data would yield similar 

inferences for the diet of Black Drum. 	

Materials and Methods 

Study Area 

 The Baffin Bay Complex is a 248 km2 estuarine ecosystem adjacent to the Upper 

Laguna Madre in south Texas (Fig. 1). The Baffin Bay Complex comprises Baffin Bay 

proper, Alazan Bay, Cayo de Grullo, and Laguna Salada and is separated from the Gulf 

of Mexico by Padre Island, a 182 km barrier island. Long residence times (exceeding 1 

year), minimal freshwater inflow, and high evaporation rates create a system that is prone 

to hypersaline conditions (e.g. >60 ppt) and susceptible to water quality degradation such 
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eutrophic conditions that foster harmful algal blooms (Reid 1961, Shormann 1992, 

Montagna and Palmer 2012). Freshwater inflow is delivered at highly variable rates to the 

Baffin Bay Complex by Petronila, San Fernando and Los Olmos creeks.  

Sampling and preparation of benthic food resources 

 Ten uniformly distributed sampling stations representing a broad range of salinity 

habitats throughout the Baffin Bay Complex were sampled quarterly for benthic 

macrofauna and water quality from March 2014-March 2015 (Fig. 1). Four additional 

benthic sampling stations (CG3, AL6, AL7, AL9) were added in September and 

December 2014 and March 2015 to increase spatial coverage. Of these stations, three 

were previously surveyed from 1989 to 1993 (BB6, BB24, BB40) (Montagna et al. 1993; 

Street et al. 1997) and were chosen to allow for historical comparison.  

 Benthic macrofauna were sampled using a 35.4 cm2 cylindrical corer to a depth of 

10 cm. On each sampling date, 5 replicate cores were collected from each station. Three 

cores were sectioned into 0-3 cm and 3-10 cm sections, and preserved with 5% buffered 

formalin for analysis of macrofauna community structure (Palmer et al. 2011, Manly et 

al. 2002). Two cores were stored in a cooler to collect live macrofauna to determine the 

stable isotope composition of potential fish prey.  

Hydrographic measurements (temperature, dissolved oxygen, pH, specific 

conductivity, turbidity, and salinity) were taken at the surface and bottom of the water 

column using a multiparameter instrument (Hydrolab Surveyor II or YSI 6 series). Water 

depth, wind speed, wind direction, cloud cover, and wave height were also recorded. 
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 In the laboratory, benthic macrofauna for community analysis were extracted on a 

500 µm sieve, sorted using a dissecting microscope, identified to the lowest possible 

taxonomic level (LPTL; usually species), and enumerated. Biomass measurements were 

obtained after combining individual macrofauna into higher taxa levels (e.g., Crustacea, 

Gastropoda, Bivalvia, Polychaeta, and others), drying at 55 oC for 24 hours, and then 

weighing. Mollusk shells were removed with 10% HCl prior to drying and weighing.  

In order to measure stable isotope composition (δ13C, δ15N), representative 

individuals of each macrobenthic species collected from core sampling were sieved live 

on a 500 µm mesh and kept alive in artificial seawater for 24-48 hours to remove gut 

contents. Organisms were then frozen at -20 °C, freeze dried and ground to a fine and 

homogeneous powder using a ball mill (Retsch MM 400). Three individuals of each 

macrobenthic species were processed from each station. When insufficient material was 

obtained for a particular species at a particular station, samples were combined with the 

same species from the closest station(s). For δ13C measurements, samples containing 

inorganic carbonates (e.g., macrofauna with shells) were decarbonated by adding 1-5 ml 

of 1 M HCl and then placing them in an ultrasonic bath for 1 minute. This procedure was 

repeated until the end of bubbling, indicating all carbonates were removed. Decarbonated 

samples were then dried at 60 °C. Stable isotope analysis of nitrogen was conducted on 

raw sample material to prevent any potential bias that can be caused by acidification 

(Bunn et al. 2003). 

Sampling and preparation of surface sediment organic matter 

 Surface sediment organic matter was sampled using a 35.4 cm2 cylindrical corer 

to a depth of 3 cm. On each sampling date, 1 sediment core (0-3 cm) was collected at 
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each of five benthic stations to determine the stable isotope composition of the surface 

sediment organic matter. Sediment samples were sieved through a 500 µm screen to 

remove shell hash and large organic material, then freeze-dried and then ground using a 

mortar and pestle. Samples were decarbonated with 10% HCl prior to measurements of 

δ13C values. δ15N values were measured on raw samples.  

Sampling and preparation of Black Drum 

 Black Drum were collected throughout the Baffin Bay Complex on a monthly basis 

in partnership with the Texas Parks and Wildlife Department fishery-independent 

surveys. Fish were collected using gill nets that were 183 m wide x 1.21 m deep, 

comprising 46 m sections of 7.6 cm, 10.2 cm, 12.7 cm, and 15.2 cm mesh. Nets were set 

overnight perpendicular to the shoreline beginning with the 7.6 cm mesh and extending to 

the 15.2 cm mesh at the deep end. Collected fish were immediately placed on ice in the 

field and then frozen (-20 °C) prior to processing.  

 In the laboratory, fish were measured for standard length (SL), fork length (FL), 

total length (TL), weight, otoliths, and sex (if possible) (Harrington et al. 1979). Whole 

digestive tracts of Black Drum were removed beginning with the esophagus and ending 

with the anal vent. Excised digestive tracts were fixed in 10% buffered formalin. After a 

48-hour fixation period, digestive tracts were transferred to jars with 70% ethanol until 

further processing. All stomach content items were enumerated (if possible), weighed, 

and identified (LPTL). Stomachs collected for stable isotope analyses were not fixed in 

formalin but were instead frozen. 

 To determine the isotope composition of Black Drum, five individuals (200-400 
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mm TL) were selected from each sampling month. Epaxial muscle tissue was removed 

from the anterior portion of all specimens, avoiding presence of fish bones in samples. 

Samples were frozen at -20 °C, then freeze dried and then ground to a fine and 

homogeneous powder using a ball mill. 

Digestive tracts were cut open and emptied onto a 500 µm sieve over a glass bowl 

to collect any undigested food resources. Highly digested organic material passed through 

the sieve and into a glass bowl for weighing (Ohaus Discovery DV215CD analytical 

balance [Switzerland], readability (mg) 0.01*/0.1, repeatability (std. dev.) (mg) 

0.02*/0.1). Digested material was then centrifuged to obtain a pellet, freeze dried then 

ground using a ball mill. Samples containing inorganic carbonates were decarbonated as 

for macrobenthic core samples.  

Stable isotope analyses 

Stable isotope compositions for benthic macrofauna, surface sediment organic 

matter, and Black Drum samples were determined using an elemental analyzer (ECS 

4010 with a Zero Blank Autosampler, Costech, Valencia, USA) connected to a 

continuous flow isotope ratio mass spectrometer (Delta V Plus, Thermo Scientific, 

Bremen, Germany) via a Conflo IV interface. Analyses were conducted at the stable 

isotope facility at Texas A&M University-Corpus Christi. Carbon and nitrogen stable 

isotope compositions are expressed in the delta (δ) notation in parts per thousand (‰) as 

deviation from international standards (Vienna Pee Dee Belemnite for δ13C and N2 in air 

for δ15N) and following the formula: δX (‰) = [(Rsample/Rstandard) - 1] x 103, where X is 

13C or 15N and R is 13C/12C or 15N/14N isotopic ratios, respectively. Methionine (Costech, 
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N = 9.39 %; C = 40.25 %) was used as a standard for determination of carbon and 

nitrogen content. Two-point calibration was done using international reference materials 

(USGS-40: δ15N = -4.52 ‰; δ13C = -26.39 ‰ and USGS-41: δ15N = 47.57 ‰; δ13C = 

37.63 ‰) (Paul et al. 2007). Laboratory standards (Acetanilide, GNPS, and rice [SIGF 

standards]; USGS40 and USGS41 [calibration]) were analyzed after every 12 samples to 

monitor instrument performance and check data normalization. The precision of the 

laboratory standards was ± 0.2‰ for carbon and nitrogen.  

Statistical Analysis 

 Spearman’s partial correlation coefficients were calculated to determine the 

strength and direction of linear relationships between macrobenthic abundance and 

diversity (N1; Hill 1973, Sanders 1968) with hydrological variables. Partial correlations 

measure the degree of association between the macrobenthic and hydrological variables 

while statistically controlling for the potential effects of other hydrological variables in 

the model. Partial lag times were examined and incorporated into the correlations 

between macrobenthic and hydrological variables when necessary. Hydrological 

variables were also correlated with the most abundant species and higher taxa groups. 

Principal Component Analysis (PCA) was used to assess relationships between 

hydrologic variables during the different sampling periods. All correlations were 

calculated using SAS software (SAS Institute Inc. 2009). 

 Similarities among macrobenthic communities were analyzed using non-metric 

multidimensional scaling (NMDS) using a Bray-Curtis similarity matrix (Clarke and 

Warwick 1994). Significant groupings of communities were determined using the 

SIMPER routine as part of cluster analysis (Clarke 1993, Anderson 2001). Correlations 
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between hydrological variables and macrofauna community structure were examined 

using BIO-ENV, a multivariate procedure that calculates weighted Spearman rank 

correlations (ρw) between sample ordinations from all of the environmental variables and 

the ordination of species abundances for each sample (Clarke and Ainsworth 1993). All 

multivariate statistics were calculated using PRIMER 5 for Windows v5 (Copyright 

PRIMER-E Ltd.).  

 For gut content analysis, the percent frequency of occurrence (%O) and percent 

by weight (%W) were calculated for each prey item to estimate the importance of various 

prey items to the Black Drum diet. Percent frequency of occurrence was calculated using 

equation %!! = !!
! ! 100 where Sa is the number of stomachs containing LPTL a, and S 

is the total number of stomachs with gut content (Ajemian and Powers 2012, Gray et al. 

1997). The vacuity index (VI) was also calculated to reflect Black Drum feeding 

frequency and fraction of the population with food in the digestive tract (Ivlev 1961) 

using !" = !!! !""
!!

 where Es=number of empty stomach samples and Ts=total number of 

stomach samples. The Black Drum feeding intensity indicated by the VI results in a 

number from 0 to 100 is interpreted as: abstemious (80≤VI≤100), relatively abstemious 

(60≤VI≤80), moderate feeder (40≤VI≤60), relatively edacious (20≤VI≤40), and edacious 

(0≤VI≤20). Calculation of the Strauss index (L) (Strauss 1979) was also performed by L= 

ri-pi where ri= relative abundance of prey type i in the diet (as a proportion of the total 

number of prey in the diet) and pi= relative abundance of prey type i in the environment 

from benthic core data. Strauss indices range from -1<L<1, where +1 indicate perfect 

selection for a prey type, and -1 indicates perfect selection against it.  
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Quantitative gut content weights and volumes were also assessed. Spatial and 

temporal variations in the Black Drum diet were visualized using non-metric 

multidimensional scaling (NMDS) on fourth-root transformed (4√x) data using a Bray-

Curtis similarity matrix. Differences in stomach contents driven by contribution of 

various prey items to the diet were tested with one-way analyses of similarities 

(ANOSIM) over space and time based on the R-statistic. Significant groupings of fish 

stomachs were determined using a similarity percentages routine (SIMPER) as part of 

cluster analysis (Clarke 1993). These tests were run three ways in response to the number 

of fish samples provided by TPWD from each Baffin region: fish from Alazan Bay over 

four sampling seasons (Spring/Summer/Winter 2014, Winter 2015), fish from Baffin Bay 

over four sampling seasons (Spring/Summer/Winter 2014, Winter 2015), and all fish 

samples collected across all BBC regions in May 2014 (the only month with all regions 

sampled contiguously; Table 2). The analyses were run using all 21 categories of dietary 

components quantified, and conducted using 4th root transformed data. Trophic position 

for Black Drum was estimated following Hobson and Welch (1992), and compared 

across time and space.  

Non-parametric tests were used where appropriate to determine spatial and seasonal 

significant differences between δ13C and δ15N values of stable isotope samples from 

sediment organic matter, benthic macrofauna from cores and fish stomachs, Black Drum 

gut liquid, and muscle tissue.   
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Results 

Hydrologic parameters 

Across all sampling regions, Alazan Bay had the lowest mean temperature 

(19.9±5.06 °C), salinity (45.3±6.44 ppt), and highest dissolved oxygen (7.5±1.14 mg L-1). 

Laguna Salada had the highest mean salinity (49.9±5.42ppt) and temperature (23.9±6.38 

°C). Seasonally, temperature and salinity were both lowest in the spring when dissolved 

oxygen was at its peak (17.2±1.54 °C; 43.6±5.85 ppt; 8.3±1.28 mg/L). This is different 

from the highest mean temperature (30.00±0.76 °C) and salinity (53.9±2.64 ppt) recorded 

during fall sampling when dissolved oxygen was low (5.2±0.63 mg/L).  

Benthic food resources 

A total of 186 (0-10 cm) benthic cores were analyzed over the course of five 

seasonal sampling dates, yielding a total of 4924 individuals and 31 taxonomic groups of 

macrofauna (Table 1). Alazan Bay had the highest overall and mean macrofauna 

abundance (12,133 n m-2) by bay across all sampling dates (Fig. 2A, B; App. 2.2). The 

highest mean macrofauna abundance by date across all stations (10,407 n m-2) was 

observed in September 2014 (App. 2.3). Macrobenthic abundance was dominated by 

polychaete worms (Fig. 3A), specifically the species Streblospio benedicti (>2000 n m-2 

at all stations) (App. 2.1). Macrobenthic biomass was dominated by mollusks 

(gastropods, bivalves) and polychaetes (Fig. 3B). Mulinia lateralis abundance was 

highest at two stations in Alazan Bay (AL6 and AL9; App. 3.1). Species groups of 

regular occurrence across all stations (≥10) include Anomalocardia auberiana (bivalve), 

Acteocina canaliculata (gastropod), Fargoa gibbosa (gastropod), Mulinia lateralis 
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(bivalve), Amphipoda (crustacean), Eulimastoma harbisonae (gastropod), and 

Streblospio benedicti (polychaete) (App. 2.1).  

Data transformations were performed using SAS 9.4 (SAS Institute Inc. 2015) 

where necessary to meet ANOVA assumptions and improve normality prior to statistical 

analyses. Results were considered statistically significant at α ≤ 0.05. Multiple ANOVAs 

showed no apparent spatial trends in benthic abundance (n m-2), biomass (g m-2), Hill’s 

N1 diversity (N1), or species richness (N0) between all 14 stations over the course of 

three sampling dates from September 2014 through March 2015 (p<0.0001) (Fig. 2 and 

3). No obvious temporal trends were observed in overall benthic abundance (n m-2), 

biomass g m-2, Hill’s N1 diversity (N1), or species richness (N0) between the 10 original 

stations over the course of all sampling dates (p<0.0001). Although multidimensional 

scaling did not show any clear separation of benthic communities (Fig. 4), temporal 

separation was strongest for December 2014 cores that form a small cluster on the left 

side of the figure. The main items contributing to the dissimilarity of December 2014 

benthic cores were the polychaete Streblospio benedicti (39.88%), and the bivalve 

Anomalocardia auberiana (10.10%).  

Calculating Spearman partial correlation coefficients from the original 10 benthic 

stations across all five sampling dates resulted in significant, positive relationships 

between Hill’s N1 diversity with salinity (ppt) (R=0.34; p=0.03) and dissolved oxygen 

(mg L-1) (R=0.37; p=0.01). Species richness (N0) was also positively correlated with 

salinity (R=0.34; p=0.03) and dissolved oxygen (R=0.41; p=0.008) (App. 2.4). 

Macrofauna biomass was positively correlated with dissolved oxygen (R=0.30; p=0.05). 
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Correlation coefficients for dates when all 14 benthic stations were sampled are in 

Appendix 2.5. 

The BIO-ENV procedure indicated the best correlations existed between 

macrofaunal abundance and log-transformed salinity (ppt) (Corr=0.136, p=0.03) and log-

transformed dissolved oxygen (mg L-1) (Corr=0.135, p=0.03) (App. 1). Principal 

component analysis helps visualize hydrological variation between sampling dates in the 

BBC. PC1 and PC2 are shown, accounting for 64.5% and 22.2% of the sample variation, 

respectively (Fig. 5). High salinity and temperature are the primary differences between 

September 2014 and March 2015, when dissolved oxygen was higher and salinity and 

temperature were lower. The PCA also shows strong separation of June and December 

2014, where primary differences are higher turbidity and pH in the summer season.  

Stomach Content Analysis 

Of the 264 Black Drum collected at various locations within the Baffin Bay 

complex between December 2013 and February 2015, 213 (80.6%) stomachs had 

contents with an overall vacuity index (annual) of 19.32 (App. 2.6). Spatially, fish 

stomachs from all BBC regions except Baffin Bay proper had a vacuity index in the 

0≤VI≤20 range (App. 2.6). This subsample of fish with stomach contents had a mean 

total length of 335 mm ±�92.90 and wet mass ranging from 0.06 to 3.00 kg. A total of 21 

different food categories were identified in the stomachs (Table 3). Bivalves were the 

most frequently occurring prey group recognized in the stomach contents across sites. 

Polychaetes were similarly encountered with high frequency in the gut contents from all 

sites (Table 3). The most conspicuous and common bivalve that could be identified from 
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the gut contents was Anomalocardia auberiana, followed by Mulinia lateralis. 

Gastropods were observed in approximately 40% of stomachs, with the two positively 

identified species being Rissoina punctostriata and Acteocina canaliculata. Crustaceans 

were encountered with substantially lower frequency and included amphipods, decapods, 

xanthid and portunid crabs, tanaid crustaceans, and peracaridean shrimps. In terms of 

biomass, gastropods (<1%) and crustaceans (<4%) contributed very little to the Black 

Drum diet. Seagrass and fish scales were found in stomach samples of 69 and 83 

individuals, respectively, though we speculate these were incidentally consumed while 

foraging for benthic invertebrates. Strauss indices revealed that bivalves were the most 

positively selected prey group in both Alazan (L=0.09) and Cayo de Grullo (L=0.47), 

whereas gastropods were most selected for in Baffin proper (L=0.20) and Laguna Salada 

(L=0.39).  

 Bivalves produced the variability between significant fish groupings collected 

during May 2014 (n=47), and the two most similar BBC regions were Baffin Bay proper 

and Laguna Salada (55.94% similarity). Although general trends indicate bivalves were 

driving most differences between BBC regions and sampling dates, multidimensional 

scaling (MDS) and analyses showed no clear separation of stomach contents across space 

or time.  

Stable isotope composition of surface sediment organic matter and benthic food 

resources  

δ13C values of surface sediment organic matter ranged from -21.8 to -19.04‰. On 

a general basis, the data show more 13C-enriched (>δ13C) surface sediment organic matter 



22 
	

 
 

(SOM) in Alazan (-19.9 ± 1.2‰) as compared to the other Baffin Bay regions (Laguna 

Salada= -20.3‰ ± 0.4, Cayo de Grullo= -21.1‰ ± 0.9, Baffin Bay proper= -21.1‰ ± 

0.5) (Fig. 6). Seasonally, sediment organic matter samples revealed more 13C-depleted 

values in spring than any other season (δ13C= -21.97‰ ± 0.2). This was followed by 

winter (δ13C= -20.8‰ ± 1.2), summer (δ13C= -20.5‰ ± 0.6), and the most 13C-enriched 

values in fall (δ13C= -20.1‰ ± 0.7). None of the differences in δ13C values were 

statistically significant spatially or temporally.  

δ15N values of surface sediment organic matter ranged from 4.1 to 10.2‰. 

Although not significantly different, Baffin Bay proper had the lowest δ15N value (5.7‰ 

± 1.5) when compared with all other tertiary arms (Alazan= 6.2‰ ± 0.6, Laguna Salada= 

6.7‰ ± 1.2, Cayo de Grullo= 6.7‰ ± 1.9). δ15N values were highest on average in spring 

(δ15N= 7.7‰ ± 1.5), followed by fall (δ15N= 6.2‰ ± 1.4), winter (δ15N= 5.7‰ ± 0.8), 

and summer (δ15N= 5.7‰ ± 0.3). Spring δ15N values were significantly different from 

summer (p=0.009) and winter (p=0.028).  

Assignments of δ13C and δ15N values for benthic and fish stomach fauna were 

supported by previous literature containing isotopic composition data of potential prey 

items on the Texas coastal bend (App. 2.7). Lower trophic level prey items included 

Oligochaete worms (δ13C= -18.5‰, δ15N = 6.5‰), bivalves Anomalocardia auberiana 

and Mulinia literalis (δ13C= -20.3 to -20.4‰, δ15N= 5.2 to 5.3‰), Capitellidae 

polychaetes (includes Capitellidae and C. notomastus; δ13C= -18.0 to -19.5‰, δ15N= 4.8 

to 5.2‰), Spionidae polychaetes (includes Spionidae and Streblospio benedicti; δ13C= -

17.7 to -20.9‰, δ15N= 4.7 to 4.5‰), Nereididae polychaetes (δ13C= -19.5‰, δ15N= 

4.4‰), and crustaceans (includes general amphipod and tanaid (δ13C= -24.0 to -24.3‰, 
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δ15N= 4.4 to 4.6‰). Higher trophic level prey items included crustacean Hargeria rapax 

(δ13C= -23.6‰, δ15N= 11.4‰), nematodes (δ13C= -20.0‰, δ15N= 8.5‰), Goniadidae 

worm (δ13C= -18.6‰, δ15N= 7.6‰), other polychaetes (δ13C= -18.8‰, δ15N= 7.4‰), and 

fish Anchoa mitchilli (δ13C= -24.9‰, δ15N= 6.9‰) (Fig. 6).  

Stable isotope composition of Black Drum stomach liquid 

 δ13C values of Black Drum stomach liquid ranged from -26.7 to -12.8‰. Gut 

liquid isotopic compositions from fish out of Baffin Bay proper (BB) are all oriented 

towards lower values (δ13C= -24.0 ± 2.8) as compared to the more δ13C-enriched stomach 

liquids from Cayo de Grullo (δ13C= -21.9 ± 2.6; p=0.006), Laguna Salada (δ13C= -20.3 ± 

3.5; p=0.002), or Alazan (δ13C= -20.7 ± 2.6; p<0.0001) (Fig. 6). Sediment organic matter 

δ13C values were also significantly different between samples from Laguna Salada and 

Cayo de Grullo (p=0.035). Data show that fish stomachs were most δ13C-depleted in the 

winter (δ13C= -24.0 ± 2.8) and most δ13C-enriched during the fall (δ13C= -20.8 ± 3.0). 

Statistically significant differences were found between winter and summer samples 

(p=0.025), and winter and fall samples (p=0.0009).  

δ15N values of Black Drum stomach liquid ranged from 4.7 to 11.4‰. Stomach 

samples taken from Laguna Salada yielded the most δ15N-enriched stomach liquids 

(δ15N= 8.1‰ ± 1.2) when compared to the other Baffin regions (Alazan= 7.9‰ ± 0.9, 

Baffin Bay proper= 7.4‰ ± 0.9 [p=0.036], Cayo de Grullo= 7.3‰ ± 1.0 [p=0.004]). δ15N 

values of stomach liquid samples were also significantly different between Cayo de 

Grullo and Alazan (p=0.04). Black Drum stomach liquid δ15N values were most enriched 
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in the summer season (δ15N= 8.3 ± 0.7) and lowest in the winter (δ15N= 7.4 ± 0.9), 

however none of the temporal differences in δ15N values were statistically significant.  

Stable isotope composition of Black Drum muscle tissue 

δ13C values of Black Drum muscle tissue samples (fish mean total length 342.7 ± 

64.5 mm) ranged from -21.1 to -13.7‰. Isotope compositions for gut liquid had a wider, 

more δ13C depleted composition than that of muscle tissue. Fish from Cayo de Grullo had 

the most 13C-enriched muscle tissue on average (δ13C= -18.7 ± 0.8‰), and muscle tissue 

from Baffin Bay proper was the most 13C-depleted (δ13C= -20.3 ± 0.6‰). The only 

spatial significant differences of δ13C values were between Baffin Bay proper and Cayo 

de Grullo (p=0.034). δ13C values of muscle tissue were highest in spring (-19.3 ± 1.4‰) 

and lowest in summer (-20.2 ± 0.5‰). There were no significant differences of δ13C 

values between seasons.  

δ15N values of fish muscle tissue ranged from 7.9 to 12.4‰. which are consistent 

values with other benthic predator isotope compositions reported (McMeans et al. 2010, 

Herzka 2005, Iken et al. 2001, Botto et al. 2005, Hard et al. 2011). Although not 

statistically significant, data show Alazan muscle tissue as having the highest average 

δ15N (11.1‰ ± 1.2), followed by Cayo de Grullo (10.8‰ ± 0.1), Baffin Bay proper 

(10.4‰ ± 0.7), and Laguna Salada (9.5‰ ± 0.3). Muscle δ15N values from Laguna 

Salada were significantly different from that of Baffin Bay proper (p=0.003). Tissue 

samples from the summer season had the highest δ15N values (11.4‰ ± 0.8), whereas 

spring had the lowest (δ15N= 10.2‰ ± 0.9). Differences of δ15N values were significantly 
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different between summer verses spring samples (p=0.021), and summer verses winter 

samples (p=0.014).  

Discussion 

Similarities between available food resources and Black Drum diet 

In contrast to previous studies (White et al. 1989, Pearce 2003, Bartlett 2002), this 

study found no statistically significant spatial or temporal trends in benthic community 

structure within the Baffin Bay Complex. The results reported here showed that Black 

Drum generally have the same types of prey resources available for consumption 

wherever they travel in the bay system. However, the abundance and biomass for the 

majority of macrobenthic resources appear to be elevated in the tertiary arms relative to 

Baffin Bay proper. Preliminary observations from a companion telemetry study 

(unpublished results) indicate that Black Drum have great mobility within the Baffin Bay 

system, moving freely around the complex and are thus able to avoid small-scale 

perturbations while finding patches of resources outside of our spatially-confined benthic 

sampling. The acoustic telemetry study recorded the most frequent residence of Black 

Drum in the Alazan region of the bay system. The greatest macrofaunal abundances and 

biomass found at stations in stations in Alazan bay support results from previous studies 

with similarly occurring species including A. auberiana, M. lateralis and S. benedicti 

(Martin 1979, Breuer 1957, Dalrymple 1964, Parker 1959, White et al. 1989). Pearce 

(2003) reported the most common gastropod of the Baffin Bay Complex was Rictaxis 

punctostriatus whereas Acteocina canaliculata was the most frequently occurring 

gastropod in this study. There were very few pioneer organisms found in the BBC 
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channel stations (BB6, BB24, BB40) such as the polychaete S. benedicti and bivalve M. 

lateralis is possibly an effect of substrate type, which is particularly muddy in these 

locations (Nicolau and Nunez 2005). 

Historical reports of environmental conditions in the BBC show trends of 

hypersalinity from 2010 to 2013, with decreases in salinity observed after the Black 

Drum emaciation event (Fig. 7; Montagna et al. 1997, Montagna et al. 2010). Although 

environmental data helps infer what factors may have led to the Black Drum emaciation, 

a lack of benthic prey resource monitoring over the course of the emaciation event 

prevents any absolute confirmation of an exact cause. It appears that even if benthic 

communities in the BBC were affected by the environmental changes recorded, there was 

no significant shift in benthic prey resources over the range of conditions observed in this 

study and others (Montagna et al. 1993, 2010; Street et al. 1997). This study, instead, 

provides a more current baseline for what range of benthic abundance and biomass 

should be considered the standard throughout the BBC.  

Historical reports of fin “flagging” while Black Drum wallow in the benthos to 

consume prey (Darnell 1958, Fisk 1959) may suggest that the small amount of food 

biomass collected in benthic cores (~ <20g m-2) and gut contents were mere incidentally-

consumed prey among the many dietary resources these fish consume. Simmons and 

Breuer (1962) found polychaetes packed in the stomachs of Black Drum that coincided 

with lunar swarming of the small worms (pelagic), furthermore suggesting the fish are 

not primarily consuming benthic prey. Scavenging for soft-bodied organisms such as 

crabs, fish, or dead shrimp is often necessary for these fish to sustain themselves (Martin 

1979). During the study Black Drum diet in Baffin Bay was mainly comprised of 
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bivalves and polychaetes, with mollusk species such as A. auberiana being the most 

commonly observed macrofauna of prey item composition. This is similar to previous 

findings that documented dominance of mollusks in Black Drum stomachs (Martin 1979, 

Pearson 1929). Spatially, this observed variation is clearly driven by benthic resource 

presence such as seagrass in the Laguna Madre and bivalves in BBC sub-embayments. 

This differs from previous studies that report Black Drum preference of the specific prey 

species M. lateralis (Pearson 1929, Martin 1979). We observed similar fish stomach 

contents to that of benthic cores, coinciding with the highest prey abundance and biomass 

values. An overall cumulative prey curve approached an asymptote indicates good 

explanation of Black Drum diet (App. 3.2). Extending the gut content and benthic studies 

into Laguna Madre and further up BBC creek extremities, with an extension of sampling 

seasons, would help provide more comparative information between bay systems.  

Results from stomach content analyses clearly showed that the Black Drum are 

relying on a wide array of prey organisms in the BBC. Further, these prey organisms are 

consumers which themselves rely on both benthic (e.g. annelids; Gaston et al. 1997) and 

pelagic (e.g. suspension-feeding bivalves; Gili and Coma 1998) food resources. Although 

common methods were used to dissect Black Drum stomachs and examine gut contents 

(Li et al. 2015, Matlock and Garcia 1983, Mustamaki et al. 2014, Tarnecki and Patterson 

2015), approximately 20% of stomachs were empty likely due to the fact that these fish 

had not consumed prey prior to sample collection. We must also consider differential 

digestion rates of various prey items (e.g. digesting a larval fish verses a polychaete) 

(Grubbs et al. 2013, Darnell 1958) that may have affected what items were identified in 

the stomachs. Additionally, the edacious nature of Black Drum in terms of the variety of 



28 
	

 
 

resources ‘sucked’ up during feeding may prevent delineation between incidentally-

consumed prey and more important food items that are rapidly digested before specimen 

collection and analysis. Large amounts of stomach contents were either too pulverized 

(e.g. molluscs) or too decomposed for identification. These sources of potential bias 

using traditional methods, in addition to multivariate results showing similar Black Diet 

across time and space, indicated how applying a complementary stable isotope approach 

was essential to determine which prey resources may have been affected by an external 

change, whether the fish were indeed feeding from local food resources, and overall BBC 

trophic dynamics.   

Stable isotope composition of food resources 

Isotope compositions of prey resources in the BBC food web had a wide range of 

δ13C (-27 to -12‰) and δ15N (4 to 12‰). Values were generally within the range of 

previously reported values from the literature (App. 2.7, Street et al. 1997, Hardegree 

1997, Oakley et al. 2014, Anderson et al. 1992, Winemiller et al. 2007). There was an 

overall increase in δ13C and δ15N values moving through the different BBC food web 

roles via trophic isotope fractionation, from primary producers, to ingested prey items 

and then to assimilation in fish muscle.  

Sediment organic matter (SOM) samples had relatively typical δ13C values 

ranging from -23 to -20‰ (Lebreton et al. 2011). SOM δ13C values show that the BBC 

food web heavily depends on these resources, more particularly benthic macrofauna 

(δ13C -20 to -12‰) feeding in the SOM. Enriched SOM of Alazan Bay suggests a small 

potential influence of other carbon sources like decomposed detritus and marsh or 
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terrestrial plants in that area possibly facilitated by invertebrate prey species (Botto et al. 

2005, Winemiller et al. 2007, Peterson and Fry 1987). In other systems containing more 

seagrass beds, such as the Laguna Madre, the diet of Black Drum may be influenced by 

seagrass material. It should be noted, however, that we did not collect isotopic 

compositions of benthic algae, phytoplankton, or sediment particulate organic matter 

(SPOM) to confirm significant impacts on SOM isotope values. We observed similar 

isotope compositions of the main prey (e.g. bivalves, polychaetes) to that of SOM, thus 

highlighting the high influence of SOM in the Black Drum diet and as a result, the 

importance of the benthic compartment in Black Drum diet. 	

δ15N values of Black Drum muscle tissue were consistent values with other 

benthic predator isotope compositions reported (McMeans et al. 2010, Herzka 2005, Iken 

et al. 2001, Botto et al. 2005, Hard et al. 2011). Moreover, stable isotope values of 

muscle tissue were close to those of SOM and main prey items found in the stomach 

contents and benthic cores, suggesting food resources as a whole were representative of 

the in situ population and well assimilated through a benthic pathway. Although gut 

liquid samples showed large variability, use of Baffin Bay resources was confirmed with 

isotope values of gut liquids.  

Functioning of Black Drum in a hypersaline estuary 

Black Drum are generalist benthic predators, with a diet composed primarily of 

macrofaunal species (Leard et al. 1993, Doerzbacher et al. 1988, Sutter et al. 1986, Peters 

and McMichael 1990, Cousseau and Perrotta 2004, Benson 1982). Stomach content 

analysis indicated how Black Drum in the BBC are generalists both spatially and 
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temporally, preying on what food resources are available in the system. Diet composition 

in conjunction with Strauss and vacuity indices reported in this study are in agreement 

with the edacious, non-selective nature of Black Drum feeding reported in previous 

literature (Blasina et al. 2010, Pearson 1929). However, selection for bivalves in Cayo de 

Grullo (Strauss L=0.473), and for gastropods in Baffin proper (Strauss L= 0.202) and 

Laguna Salada (Strauss L= 0.388) may suggest that these prey groups yield more 

nutritional benefit to Black Drum per unit of effort spent feeding and are less cryptic in 

the environment.  

Because Black Drum use the BBC subembayments as essential feeding habitat year-

round and during reported breeding aggregations in the winter months (Cornelius 1984b, 

Gunter 1945; 1961, Breuer 1957), more current information on habitat use from the 

ongoing acoustic study will be helpful in correlating the benthic and diet studies. If BBC 

Black Drum are still indeed attracted to freshwater influxes from the creek extremities 

(Breuer 1957) where there is generally more macrofaunal diversity following high inflow 

events (Montagna and Kalke 1992; Kim and Montagna 2009, Remane & Schlieper 1971), 

this could imply that Black Drum using the Baffin Bay Complex are perhaps trophically 

constrained to a particular feeding niche provided by specific benthic macrofauna species 

in the hypersaline estuary. Moreover, dry-year climatic patterns (Grubbs et al. 2013) and 

high salinity regimes (Olsen 2015) overlapped the reported Black Drum emaciation 

event, thus attributing low macrofaunal abundance and diversity from drought as a 

potential primary factor that caused resident fish starvation.  
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Conclusions 

The aim of this study was to analyze the prey resource availability and trophic status 

of Black Drum in the Baffin Bay Complex, a hypersaline estuary on the Texas coastal 

bend. Employing dietary and stable isotope analyses to examine food web dynamics and 

provide guidance for fisheries managers has been recently advocated and grown in 

popularity over the last decade (Winemiller et al. 2007, Beaudoin et al. 1999, Botto et al. 

2005, Lebreton et al. 2013, Loc’h et al. 2008, Melville and Connolly 2003, Carpentier et 

al. 2014, Galvan et al. 2011). Our analyses revealed many apparent similarities in the 

information provided by stomach content and stable isotope analyses. Both methods 

proved useful in quantifying fish diet composition: gut analysis provided biomass data 

and importance of individual prey items in fish diet, whereas isotopic compositions show 

on what carbon sources the BBC Black Drum population feeds and at what trophic level 

they are.  

The Black Drum we sampled appear to be very opportunistic, indicating that the 

cause for the observed emaciation event was likely one or more potential factors that 

were external to the system (e.g. drought and water quality change) that affected both 

benthic and pelagic food resources. Stable isotope results, in conjunction with well-

established benthic and diet findings, confirm that Black Drum in the Baffin Bay 

Complex depend on a food web driven by benthic macrofauna resources, and are 

trophically constrained residents of the region. These fish can be good bioindicators of 

the functioning of the system; their position as secondary and tertiary consumers in the 

benthic food web are indicative of surrounding benthic health, and can be used as a 
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practical tool when investigating benthic fish emaciation events and monitoring 

ecosystem dynamics of hypersaline bay systems.  

Future trophic studies 

The range of isotope values of stomach liquid and muscle tissue along the δ13C 

gradient indicate possible differences of habitat and fish diet in each subembayment of 

the BBC, where digestion and assimilation rates of prey items could be affected by local 

water and prey quality (Iken et al. 2001, Lebreton et al. 2011, Hobson and Welch 1992, 

Hobson et al. 1995, Fry 1988). Other potential sources of bias regarding isotope analyses 

performed include the varying assimilation rate of prey by fish with respect to body size, 

trophic position and migratory status between bay systems (Winemiller et al. 2007, 

Herzka 2005). An isotope-based feeding assessment providing more temporal and spatial 

resolution in each BBC subembayment would be beneficial to reveal comprehensive 

information about the local food web and lead to a BBC isotope-mixing model, especially 

with addition of another stable isotope such S34. With our trophic web data and 

companion acoustic telemetry study, we suggest future collaborations to develop 

bioenergetics studies and other useful research to build a Black Drum carrying capacity 

model for the BBC.  
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Figure captions:  

Figure 1. Baffin Bay Complex, Texas, USA. Fish sampling stations are designated by 
black squares. Current benthic sampling stations are designated by yellow circles, and 
current and historic sampling stations are designated by red circles.  

Figure 2. Summary statistics of macrofauna abundance (n m-2) and biomass (g m-2) for 
each benthic survey station. The length of the each boxplot represents the interquartile 
range, the large round symbol in the box interior is the group mean, and the horizontal 
line in each box interior represents the group median. 

Figure 3. Mean benthic core abundance (n m-2) and biomass (g m-2) by major taxa and 
sampling date.  

Figure 4. Non-metric multidimensional scaling (MDS) ordination plot of mean 
macrofaunal community structure for each survey sampling date overlaid with 40% 
similarity contour. Resemblance: S17 Bray-Curtis similarity. A stress value of 0.182 
indicates a good two-dimensional representation of the data (Clarke and Warwick 1994).  

Figure 5. Principal component analysis (PCA) plot showing the degree of association 
between macrobenthic and hydrological variables in Baffin Bay. PC1 and PC2 are 
shown. Each benthic sampling season is represented by a different shape.  

Figure 6. Stable isotope values (δ13C and δ15N) of Black Drum gut liquid (GL=open 
points) and muscle tissue (MU=closed points) separated by bay AL=Alazan BB=Baffin 
bay proper CG=Cayo de Grullo LS=Laguna Salada. SOM=sediment organic matter by 
bay. Potential food sources and prey: A.aub, Anomalocardia auberiana; A.can, Acteocina 
canaliculata; Amphi, amphipods; Anch, anchovy; Capit, Capitellidae; Goni, Goniadidae; 
H.rap, Hargeria rapax; M.lat, Mulinia lateralis; Nema, nematodes; Noto, Notomastus; 
Olig, oligochaetes; Orbi, Orbiniidae; Poly, general polychaetes; Spion, Spionidae; S.ben, 
Streblospio benedicti; Seagrass; Tena, Tenaidacea. Food source data collected from 
March 2014 to June 2015.  

Figure 7. Salinity over time in Baffin Bay Complex and Upper Laguna Madre. Texas 
Parks and Wildlife Data 2000-2014. 

  



42 
	

 
 

Figure 1.  

 

 

   



43 
	

 
 

Figure 2.  
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Figure 3.  
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Figure 4.  
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Tables 

Table 1. Species and taxonomic groupings in benthic cores across all survey sites and sampling 
seasons. Taxonomic groups: B Bivalvia, C Crustacea, CN Cnidaria, G Gastropoda, P Polychaeta. 
 

Taxon Taxa Grouping 
Anomalocardia auberiana B 
Mactrotoma fragilis B 
Mulinia lateralis B 
Anemone CN 
Amphipoda C 
Hargeria rapax C 
Sphaeroma terebrans C 
Acteocina canaliculata G 
Acteon candens G 
Bittiolum varium G 
Cerithidea pliculosa G 
Costoanachis semiplicata G 
Cycloscala echinatocosta G 
Eulimastoma didymum G 
Eulimastoma engonium G 
Eulimastoma harbisonae G 
Fargoa bartschi G 
Fargoa gibbosa G 
Mitrella lunata G 
Nassarius vibex G 
Petitilla crosseana G 
Rissoella galba G 
Turbonilla spp.  G 
Eteone heteropoda P 
Glycera tesselata P 
Goniadidae spp.  P 
Nereididae spp.  P 
Orbiniidae spp.  P 
Phyllodocidae spp.  P 
Scoloplos foliosus P 
Streblospio benedicti P 
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Table 2. Number of fish with identifiable stomach content collected between January 2014 to 
February 2015 from each bay: AL Alazan, AL/CG Alazan-Cayo de Grullo junction, BB Baffin 
Bay proper, CG Cayo de Grullo, LM Laguna Madre, LS Laguna Salada. Multivariate analyses 
were run on the following groups: AL, BB, and May 2014.  
 
  Winter Spring Summer Fall Winter 

Bay Jan'14 Feb'14 Mar'14 May'14 Jun'14 Sept'14 Oct'14 Feb'15 
AL 1 4 7 11 6 2 20 0 
AL/CG 0 0 0 6 0 0 0 0 
BB 0 7 14 2 18 0 0 10 
CG 0 0 0 4 0 4 27 0 
LM 0 0 0 19 0 0 0 0 
LS 0 0 3 5 0 41 0 0 
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Table 3. Black Drum dietary index of importance showing frequency of occurrence and 
proportional weight of various taxonomic groups consumed. Bays: AL Alazan, AL/CG Alazan-
Cayo de Grullo junction, BB Baffin Bay proper, CG Cayo de Grullo, LM Laguna Madre, LS 
Laguna Salada. Unidentifiable stomach content was not included in the frequency of occurrence 
or proportional weight calculations.  
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Parameter 
  Site 

  AL AL/CG BB CG LM LS 

Sample Size 51 6 51 35 19 49 

Frequency of 
Occurrence 

Taxon             

BIVALVIA 0.69 0.83 0.69 0.66 0.86 0.73 

  Anomalocardia auberiana 0.25 0.67 0.25 0.14 0.57 0.29 

  Macrotoma fragilis 
    

0.10 
   Mulinia lateralis 0.10 0.67 0.20 

 
0.24 0.06 

  Nuculana acuta 
 

0.17 
    GASTROPODA 0.06 0.17 0.06 

 
0.05 0.02 

  Acteocina canaliculata 
     

0.02 

  Rissoina punctostriata 0.02 0.17 
    OTHER MOLLUSCA 0.10 0.17 0.08 0.03 0.05 

 POLYCHAETA 0.47 1.00 0.47 0.46 0.67 0.18 

CRUSTACEA 0.02 
 

0.27 
 

0.38 0.04 

  Pericarida 
  

0.08 
 

0.14 
   Acanthomysis serrata 

    
0.05 

   Amphipoda 0.02 
 

0.18 
 

0.05 0.02 

  Panopeidae 
  

0.02 
     Pleocyemata 

  
0.02 

 
0.10 

   Portunidae 
    

0.10 0.02 

  Tanaidacea 
  

0.02 
   ACTINOPTERYGII 

  
0.02 0.06 

  SEAGRASS 0.37 0.50 0.41 0.31 0.29 0.47 

FISH SCALES 0.24 0.33 0.14 0.23 0.90 0.43 

Proportional 
Weight 

Taxon             

BIVALVIA 0.76 0.81 0.84 0.68 0.67 0.79 

  Anomalocardia auberiana 0.06 0.03 0.03 0.19 0.01 0.04 

  Macrotoma fragilis 
        Mulinia lateralis 0.01 

 
0.02 

  
0.03 

  Nuculana acuta 
      GASTROPODA 0.01 

       Acteocina canaliculata 
        Rissoina punctostriata 
 

0.01 
    OTHER MOLLUSCA 0.05 0.14 0.05 

   POLYCHAETA 0.10 
 

0.01 0.03 0.01 0.03 

CRUSTACEA 
  

0.01 
 

0.02 0.01 

  Pericarida 
    

0.01 
   Acanthomysis serrata 

        Amphipoda 
        Panopeidae 
        Pleocyemata 
    

0.01 
   Portunidae 

     
0.01 

  Tanaidacea 
      ACTINOPTERYGII 
  

0.01 0.08 
  SEAGRASS 0.01 

 
0.01 0.01 

 
0.01 

FISH SCALES 0.01 
 

0.01 0.01 0.27 0.08 
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Appendices 

Appendix 1. Best BIO-ENV procedure (PRIMER) for macrofaunal core abundance and 
hydrological variables. 
 
BEST 
Biota and/or Environment matching 
 
Resemblance worksheet 
Name: Resem6 
Data type: Similarity 
Selection: 1,2,4-7,9,10,12,14,15,17,18,20,21,23,24,26-34,36,38-62 
 
Data worksheet 
Name: Data6 
Data type: Environmental 
Sample selection: All 
Variable selection: 1-5 
 
Parameters 
Correlation method: Spearman rank 
Method: BIOENV 
Maximum number of variables: 1 
Analyse between: Samples 
Resemblance measure: D1 Euclidean distance 
 
VARIABLES 
log(Temp) Trial 
log(DO_mgl) Trial 
log(Sal) Trial 
pH Trial 
log(Turb) Trial 
 
Number of variables: 1 
No.Vars    Corr. Selections 
      1    0.136 log(Sal) 
      1    0.135 log(DO_mgl) 
      1    0.069 log(Temp) 
      1    0.039 pH 
      1   -0.001 log(Turb) 
 
Best result for each number of variables 
No.Vars    Corr. Selections 
      1    0.136 log(Sal) 
 
Global Test 
Sample statistic (Rho): 0.136 
Significance level of sample statistic: 3.7% 
Number of permutations: 999 (Random sample) 
Number of permuted statistics greater than or equal to Rho: 36 
 
Best results 
No.Vars    Corr. Selections 
      1    0.136 log(Sal) 
      1    0.135 log(DO_mgl) 
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      1    0.069 log(Temp) 
      1    0.039 pH 
      1   -0.001 log(Turb) 
 
Outputs 
Plot: Graph27 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 2. Ancillary Tables  
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Appendix 2.1. Mean macrofauna abundance (n m-2) at all 14 stations. Table values only include sampling dates where all 14 stations were 
sampled (3 sampling seasons). Bays: AL Alazan, BB Baffin Bay proper, CG Cayo de Grullo, LS Laguna Salada. Taxa groups: B Bivalvia, 
C Crustacea, CN Cnidaria, G Gastropoda, P Polychaeta.  

Taxa Taxa 
Grouping AL1 AL2 AL3 AL6 AL7 AL9 BB24 BB40 BB6 CG1 CG2 CG3 LS1 LS2 Mean 

Anomalocardia 
auberiana B 126 0 1008 1103 4034 14686 0 32 0 252 189 126 189 0 1553 

Mactrotoma 
fragilis B 63 32 0 0 158 252 0 0 0 189 0 189 0 0 63 

Mulinia 
lateralis B 536 662 315 1859 189 599 32 32 95 315 410 410 126 95 405 

Amphipoda C 0 0 0 0 32 0 0 0 0 0 0 95 0 0 9 
Hargeria 
rapax C 0 0 32 0 0 0 0 0 32 0 0 0 0 0 5 

Sphaeroma 
terebrans C 0 0 0 0 0 63 0 0 0 0 0 0 32 0 7 

Anemone CN 0 0 0 0 0 0 0 0 63 0 0 0 0 0 5 
Acteocina 
canaliculata G 158 63 32 788 0 599 63 32 0 252 126 32 252 63 176 

Acteon 
candens G 0 0 0 567 0 158 0 0 0 0 0 0 0 0 52 

Bittiolum 
varium G 32 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

Cerithidea 
pliculosa G 32 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

Costoanachis 
semiplicata G 0 0 0 0 0 0 0 0 0 0 0 32 0 0 2 

Cycloscala 
echinatocosta G 0 0 0 0 0 0 0 0 0 32 0 0 0 0 2 

Eulimastoma 
didymum G 0 0 0 221 0 126 0 0 0 0 0 0 0 0 25 

Eulimastoma 
engonium G 0 0 0 32 0 0 0 0 0 0 0 0 0 0 2 

Eulimastoma 
harbisonae G 189 284 378 315 1733 3908 32 126 32 0 0 0 0 32 502 

Fargoa 
bartschi G 0 0 0 0 0 32 0 0 0 0 0 0 0 0 2 

Fargoa 
gibbosa G 95 63 0 914 252 4822 0 0 0 315 32 63 32 126 479 
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Mitrella lunata G 32 158 0 0 0 0 0 0 0 0 0 0 0 0 14 
Nassarius 
vibex G 0 0 0 0 0 0 0 0 0 32 0 0 0 0 2 

Petitilla 
crosseana G 0 0 0 0 0 32 0 0 0 0 0 0 0 0 2 

Rissoella galba G 32 0 32 0 0 0 0 0 0 32 0 0 0 0 7 
Turbonilla spp. G 0 0 0 32 0 32 0 0 0 0 0 0 0 0 5 
Eteone 
heteropoda P 0 0 0 0 32 95 0 0 0 0 0 0 0 0 9 

Glycera 
tesselata P 0 0 0 0 0 32 0 0 0 0 0 0 0 0 2 

Goniadidae 
spp. P 32 0 0 0 32 0 0 0 0 0 0 0 0 0 5 

Nereididae 
spp. P 0 0 0 0 0 0 0 32 0 0 0 0 0 0 2 

Orbiniidae spp. P 0 0 0 0 32 0 0 0 95 32 0 0 0 0 11 
Phyllodocidae P 0 0 0 0 0 63 0 0 0 0 0 0 0 0 5 
Scoloplos 
foliocis P 0 0 0 32 0 0 0 0 0 0 0 0 0 0 2 

Streblospio 
benedicti P 3025 5326 4727 10211 4664 2616 1922 3435 410 2962 3939 4444 7375 2175 4088 

Total    4349 6587 6524 16073 11157 28112 2049 3687 725 4412 4696 5389 8005 2490 7447 
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Appendix 2.2. Mean macrofauna abundance (n m-2) in each bay. Table values only include 
sampling dates where all 14 stations were sampled (3 sampling seasons). Bays: AL Alazan, BB 
Baffin Bay proper, CG Cayo de Grullo, LS Laguna Salada. Taxa groups: B Bivalvia, C 
Crustacea, CN Cnidaria, G Gastropoda, P Polychaeta.  
 

Taxa Taxa Grouping AL BB CG LS Mean 
Anomalocardia auberiana B 3493 11 189 95 947 
Mulinia lateralis B 693 53 378 110 309 
Mactrotoma fragilis B 84 0 126 0 53 
Amphipoda C 5 0 32 0 9 
Sphaeroma terebrans C 11 0 0 16 7 
Hargeria rapax C 5 11 0 0 4 
Anemone CN 0 21 0 0 5 
Fargoa gibbosa G 1024 0 137 79 310 
Eulimastoma harbisonae G 1135 63 0 16 303 
Acteocina canaliculata G 273 32 137 158 150 
Acteon candens G 121 0 0 0 30 
Eulimastoma didymum G 58 0 0 0 14 
Mitrella lunata G 32 0 0 0 8 
Rissoella galba G 11 0 11 0 5 
Costoanachis semiplicata G 0 0 11 0 3 
Cycloscala echinatocosta G 0 0 11 0 3 
Nassarius vibex G 0 0 11 0 3 
Turbonilla spp. G 11 0 0 0 3 
Bittiolum varium G 5 0 0 0 1 
Cerithidea pliculosa G 5 0 0 0 1 
Eulimastoma engonium G 5 0 0 0 1 
Fargoa bartschi G 5 0 0 0 1 
Petitilla crosseana G 5 0 0 0 1 
Streblospio benedicti P 5095 1922 3782 4775 3893 
Orbiniidae spp. P 5 32 11 0 12 
Eteone heteropoda P 21 0 0 0 5 
Goniadidae spp. P 11 0 0 0 3 
Nereididae spp. P 0 11 0 0 3 
Phyllodocidae P 11 0 0 0 3 
Glycera tesselata P 5 0 0 0 1 
Scoloplos foliosus P 5 0 0 0 1 
Total    12133 2154 4832 5247 6092 
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Appendix 2.3. Mean macrofauna abundance (n m-2) on each sampling date. Table values only 
include sampling dates where all 14 stations were sampled (3 sampling seasons). Bays: AL 
Alazan, BB Baffin Bay proper, CG Cayo de Grullo, LS Laguna Salada. Taxa groups: B Bivalvia, 
C Crustacea, CN Cnidaria, G Gastropoda, P Polychaeta.  
 

Taxa Taxa Grouping 10 Sep 2014 9 Dec 2014 13 Mar 2015 Mean 
Anomalocardia auberiana B 1445 277 2938 1553 
Mactrotoma fragilis B 27 41 122 63 
Mulinia lateralis B 507 263 446 405 
Amphipoda C 0 27 0 9 
Hargeria rapax C 0 0 14 5 
Sphaeroma terebrans C 20 0 0 7 
Anemone CN 0 0 14 5 
Acteocina canaliculata G 155 95 277 176 
Acteon candens G 0 155 0 52 
Bittiolum varium G 7 0 0 2 
Cerithidea pliculosa G 7 0 0 2 
Costoanachis semiplicata G 7 0 0 2 
Cycloscala echinatocosta G 0 0 7 2 
Eulimastoma didymum G 47 0 27 25 
Eulimastoma engonium G 0 0 7 2 
Eulimastoma harbisonae G 581 74 851 502 
Fargoa bartschi G 0 0 7 2 
Fargoa gibbosa G 723 0 716 479 
Mitrella lunata G 27 0 14 14 
Nassarius vibex G 0 7 0 2 
Petitilla crosseana G 7 0 0 2 
Rissoella galba G 7 0 14 7 
Turbonilla spp. G 7 7 0 5 
Eteone heteropoda P 0 14 14 9 
Glycera tesselata P 0 7 0 2 
Goniadidae spp. P 0 0 14 5 
Nereididae spp. P 7 0 0 2 
Orbiniidae spp. P 0 0 34 11 
Phyllodocidae P 14 0 0 5 
Scoloplos foliosus P 0 7 0 2 
Streblospio benedicti P 6814 4619 831 4088 

    10407 5592 6341 7447 
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Appendix 2.4. Spearman partial correlation coefficients calculated using BIO-ENV, measuring 
relationships between hydrological variables (salinity, temperature, dissolved oxygen) and 
biological variables (macrofaunal biomass (g m-2), abundance (n m-2), Hill’s N1 diversity, and 
species richness (N0). Correlations are calculated with data from sampling dates where all 
original 10 benthic stations were sampled (March 2014 through March 2015).  
 

Spearman Partial Correlation Coefficients, N = 35 
Prob > |r| under H0: Partial Rho=0 

Parameter sal (ppt) temp 
(°C) 

DO 
(mg/L) 

Biomass (g/m2) 
0.249 -0.047 0.302 
0.117 0.769 0.055 

Abundance 
(nm2) 

0.262 -0.063 -0.002 
0.099 0.696 0.990 

Hill's N1 
Diversity 

0.336 -0.179 0.375 
0.032 0.263 0.016 

Species Richness 
(N0) 

0.336 -0.082 0.406 
0.032 0.609 0.009 

 
Appendix 2.5. Spearman partial correlation coefficients calculated using BIO-ENV, measuring 
relationships between hydrological variables (salinity, temperature, dissolved oxygen) and 
biological variables (macrofaunal biomass (g m-2), abundance (n m-2), Hill’s N1 diversity, and 
species richness (N0). Correlations are calculated with data only from sampling dates where all 
14 benthic stations were sampled (September 2014 through March 2015).  
 

Spearman Partial Correlation Coefficients, N = 35 
Prob > |r| under H0: Partial Rho=0 

Parameter sal (ppt) temp 
(°C) 

DO 
(mg/L) 

Biomass (g/m2) 
0.048 0.063 0.268 
0.793 0.727 0.131 

Abundance (nm2) 
0.105 0.144 0.101 
0.560 0.424 0.575 

Hill's N1 
Diversity 

0.048 -0.171 0.205 
0.792 0.341 0.252 

Species Richness 
(N0) 

0.072 -0.087 0.227 
0.691 0.628 0.205 
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Appendix 2.6. Vacuity indices of fish stomachs by bay. Bays: AL Alazan, BB Baffin Bay 
proper, CG Cayo de Grullo, LM Laguna Madre, LS Laguna Salada. Feeding intensity 
interpreted as: abstemious (80≤VI≤100), relatively abstemious (60≤VI≤80), moderate 
feeder (40≤VI≤60), relatively edacious (20≤VI≤40), and edacious (0≤VI≤20). 
 

Bay # Stomachs Empty 
Stomachs 

Vacuity 
Index Feeding Intensity 

AL 51 7 13.73 edacious 
BB 57 36 63.16 relatively abstemious 
CG 35 1 2.86 edacious 
LS 49 3 6.12 edacious 
LM 21 4 19.05 edacious 
TOTAL 264 51 19.32 edacious 
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Appendix 2.7.  
  

Species Taxonomic Group δ13C δ15N Location in 
TX 

Reference 

Polysiphonia spp.  Algae (red algae) -15.5 	 Baffin Bay Hardegree 1997 
  	 -21.9 	 Baffin Bay Hardegree 1997 
Cladophora spp.  Algae (reticulated 

filamentous 
-16 	 Baffin Bay Hardegree 1997 

  green algae) -19.9 	 Baffin Bay Hardegree 1997 
Mussel unidentified 
bivalve 

B -22.2 8 Mad Island Winemiller et al. 2007  

Benthic organic matter BOM  -17.61 +/- 0.60 5.57 +/- 0.18 Lavaca Bay Oakley et al. 2014 
Amphipoda C  -14.8 +/- 0.3 6.4 +/- 0.1 Mad Island Winemiller et al. 2007  
Callinectes sapidus C  -17.32 +/- 0.65 9.58 +/- 0.52 Lavaca Bay Oakley et al. 2014 
  	 -11.6 	 Laguna Madre Street et al. 1997 
  	  -19.3 +/- 1.4 11.1 +/- 2.3 Mad Island Winemiller et al. 2007  
Corophium louisianum C -19.6 	 Baffin Bay Hardegree 1997 
  	 -24.4 	 Baffin Bay Hardegree 1997 
  	 -18.3 	 Alazan Bay Street et al. 1997 
Farfantepenaeus aztecus C  -16/56 +/- 0.60  8.65 +/- 0.37 Lavaca Bay Oakley et al. 2014 
  	  -18.4 +/- 0.6 8.0 +/- 0.5 Mad Island Winemiller et al. 2007  
Farfantepenaeus spp.  C  -17.39 +/- 0.59 9.99 +/- 0.51 Lavaca Bay Oakley et al. 2014 
Litopenaeus setiferus C  -17.45 +/- 0.81 9.93 +/- 0.50  Lavaca Bay Oakley et al. 2014 
  	  -20.6 +/- 0.2 10.1 +/- 3.3 Mad Island Winemiller et al. 2007  
Neopanope texana C -20 	 Baffin Bay Hardegree 1997 
  	 -23 	 Baffin Bay Hardegree 1997 
Palaemonetes vulgaris C  -16.54 +/- 0.56 9.35 +/- 0.42 Lavaca Bay Oakley et al. 2014 
  	 -14.2 	 Alazan Bay Street et al. 1997 
Penaeidae spp.  C  -17.10 +/- 0.48 9.84 +/- 0.90 Lavaca Bay Oakley et al. 2014 
Pogonias cromis F (Black Drum) -18 	 Baffin Bay Hardegree 2000 
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  	  -17.06 +/- 1.35 12.03 +/- 1.14 Lavaca Bay Oakley et al. 2014 
  	 -14.8 	 Alazan Bay Street et al. 1997 
  	 -13.6 	 Laguna Madre Street et al. 1997 
  	  -18.8 +/- 1.1  12.9 +/- 1.1 Mad Island Winemiller et al. 2007  
Elops saurus F (ladyfish)  -16.5 +/- 0.5 9.3 +/- 1.5  Mad Island Winemiller et al. 2007  
Lagodon rhomboides F (pinfish) -15.6 	 Baffin Bay Hardegree 1997 
Sciaenops occelatus F (red drum)   -15.78 +/- 1.08 12.38 +/- 1.01 Lavaca Bay Oakley et al. 2014 
  	 -14.2 	 Alazan Bay Street et al. 1997 
  	  -17.9 +/- 0.6 13.3 +/- 0.9 Mad Island Winemiller et al. 2007  
Cynoscion nebulosus F (spotted seatrout) -15.3 	 Baffin Bay Hardegree 1998 
  	 -15.4 	 Alazan Bay Street et al. 1997 
  	  -19.4 +/- 0.6 13.5 +/- 2.2  Mad Island Winemiller et al. 2007  
Ceritheum lutosum G -13.4 	 Laguna Madre Street et al. 1997 
Littorina sp.  G -8.1 5.8 Mad Island Winemiller et al. 2007  
Nereis riisei P -19.9 	 Baffin Bay Hardegree 1997 
  	 -23.4 	 Baffin Bay Hardegree 1997 
Streblospio benedicti P -18.2 	 Alazan Bay Street et al. 1997  
Halodule wrightii seagrass  -11.74 +/- 0.20 3.50 +/- 0.62 Lavaca Bay Oakley et al. 2014 
Phytomicrobenthos/SOM sediment  -18.4 +/- 2.3 2.8 +/- 0.2 Mad Island Winemiller et al. 2007  
     -12.78 to -17.46   Baffin Bay Anderson et al. 1992 
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Appendix 3. Ancillary Figures 

 
Appendix 3.1. Summary statistics of Mulinia lateralis abundance (n m-2) by survey station. 
The length of the each boxplot represents the interquartile range, the large round symbol 
in the box interior is the group mean, and the horizontal line in each box interior 
represents the group median.  
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Appendix 3.2. Cumulative Prey Curve for all Black Drum stomach samples with identifiable 
contents (n=213). Error bars represent standard deviations around a resampled mean after 999 
iterations.  
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