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SUMMARY 

The Atlantic seabob shrimp (Xiphopenaeus kroyeri) is distributed along the coasts of the 

western central Atlantic and occurs abundantly in the near-shore waters of Suriname, where it 

is intensively targeted by artisanal and semi-industrial coastal fisheries together generating 

employment and income for coastal inhabitants. Xiphopenaeus kroyeri is one of the most 

abundant demersal organisms in the coastal ecosystem up to ca. 30m depth and is therefore 

likely to make an important contribution to the diet of other organisms, mainly bottom-

dwelling fishes. The aim of this study was to investigate the trophic interactions between X. 

kroyeri and marine fishes. This ought to provide information to better understand the linkages 

between different ecosystem components to unravel food web structure and predator-prey 

relationships in order to facilitate an ecosystem approach to fisheries management (EAFM). 

The most abundant demersal fish species (and length classes) occurring in the near-shore 

waters of Suriname were sampled and their diets identified through stomach content analysis. 

A total of 16 species-length class combinations were collected from multiple locations in the 

coastal waters of Suriname and fish stomach contents were analyzed to qualitative and 

quantitative extent by dietary indices. A total of 600 stomachs were examined. Of these, 16 

(2.7%) were empty. The diet composition included a wide variety of prey taxa. Sixty-five 

different prey items were identified, 20 of which occurred only once in the stomachs 

(0.17%FO). Xiphopenaeus kroyeri showed a high frequency of occurrence (18.3%FO), closely 

followed by fish remains (17.9%FO) and only preceded by unidentified decapoda species 

(26.4%FO). In general, the feeding coefficient (Q) suggested X. kroyeri (Q=138) to be the most 

important prey contributing to the diet of demersal fish species. Particularly, X. kroyeri was a 

favorite prey for Cyniscion virescens (Q=1499) and for both small and large individuals of 

Nebris microps (Q=1658 and 1524, respectively). Unidentified decapoda and fish species also 

played an important role in the diet of fish while all other prey items were considered as 

accidental prey based on their low feeding coefficient (Q<20). This study demonstrates that X. 

kroyeri plays an important ecological role in the coastal food web of Suriname. Furthermore, 

this study emphasizes the possible effect, through competition for food, of seabob trawling on 

demersal fish stocks and on the fisheries exploiting these stocks. 
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ABSTRACT  

The Atlantic seabob shrimp Xiphopenaeus kroyeri (Crustacea: Penaeoidea) occurs abundantly 

in the near-shore waters of South-America’s northern coast, and is intensively targeted by 

coastal fisheries. Suriname has a semi-industrial trawl fishery for seabob, which has 

implemented regulations for sustainable exploitation. However, little is known about the 

ecological role of the seabob shrimp in the ecosystem and fisheries management still does not 

reflect an ecosystem approach to fisheries management (EAFM). Managing the ecosystem 

aspect of the seabob fishery requires a better understanding of the linkages between different 

ecosystem components, to unravel food web structure and predator-prey relationships. The 

present study investigated the diet and feeding activity of the most abundant demersal fish 

species occurring in the near-shore waters of Suriname through stomach content analysis. A 

wide variety of prey taxa were found, with X. kroyeri, Decapoda sp. and fish remains showing 

the highest frequency of occurrence. Results revealed X. kroyeri to be the most important prey 

contributing to the diet of demersal fish species, suggesting that this shrimp plays an 

important ecological role in the coastal food web of Suriname. Additionally, this study 

emphasizes the potential indirect effect that the trawling for seabob can have on fish stocks 

and on, the fisheries exploiting these stocks. 

 

Keywords: Atlantic seabob shrimp · Xiphopenaeus kroyeri · Demersal fishes · Feeding ecology · 

Stomach content analysis · Suriname · Ecosystem Approach to Fisheries Management

 

INTRODUCTION 

All over the world, continental shelves are trawled for shrimp. Shrimp-trawl fisheries not only 

affect the target species, but they also capture non-target organisms as bycatch. Moreover, 

they can affect marine habitats and potentially even marine ecosystems as a whole. Shrimp 

trawling is considered one of the most damaging and non-selective fishing methods in the 

world, having one of the highest bycatch rates of all fishing techniques (Alverson et al., 1994). 

In tropical fisheries, bycatch often consists of juvenile food-fish species, as such not only 

causing a threat to species diversity and ecosystem health, but also a threat to food security 

and sustainable fisheries production (Eayrs, 2007).  

The current growth in the world population causes an exponential increase in the demand for 

natural resources. Effective ways to minimize pressure on marine ecosystems have been 

proposed to make shrimp trawling and consumption more sustainable. However, the links 

between sustainable consumption and the limited availability of natural resources are complex 

(e.g. Hertwich, 2005), and it is in this context that ecosystem approach to fisheries 

management (EAFM) gained recognition.   

http://www.worldwildlife.org/threats/bycatch
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Promoted by the Food and Agriculture Organization of the United Nations (FAO), EAFM 

recognizes the importance of maintaining the linkages between different ecosystem 

components, such as food web structure and trophic relationships (Browman et al., 2004). In 

that way, EAFM contributes to the sustainability of the fisheries and to safeguard livelihoods 

and economies they support (Garcia et al., 2003). Mitigating measures to establish good 

management practices, such us controlling fishing effort through permit requirements, mesh 

size regulations, modifications to fishing gear and closed seasons and/or areas (Gillett, 2008) 

have become increasingly popular in the past two decades. Likewise, market based approaches 

relying on economic incentives and property rights have gained in importance (Mansfield, 

2006).   

The Marine Stewardship Council (MSC), co-founded by WWF in 1997, promotes consumer 

initiatives and trade management measures that encourage sustainable, traceable fisheries 

and responsible market products (Constance and Bonanno, 2000). As an alternative to 

command and control regulations, fisheries certification is an instrument that recognizes 

desirable fisheries practices, while eco-labelling provides information to the consumer about 

the environmental impact caused by the product (Wessells et al., 2001). 

The MSC program is designed to be voluntary, international in scope and meet the guidelines 

issued by the Food and Agriculture Organization of the United Nations (FAO, 2005). The 

program focuses on the recognition that a sustainable fishery should be based upon three 

principles: 1) the preservation and re-establishment of healthy populations of targeted 

species; 2) the conservation of the integrity of ecosystems which the fishery depends on; and 

3) an effective management system that respects local, national and international laws and 

standards (MSC, 2010). Shrimp fisheries have been awarded the MSC eco-label in many 

countries all over the world (WWF, industries section website).  

Along the northern coastal zone of South America, the Atlantic seabob shrimp Xiphopenaeus 

kroyeri (Crustacea: Penaeoidea) (Heller, 1862) is one of the species of most importance to 

fisheries, particularly in the coastal region of Suriname, where it is intensively targeted by 

coastal trawl fisheries. After implementing a set of regulations for sustainable exploitation, the 

Suriname Atlantic seabob shrimp fishery became the first tropical shrimp fishery in the world 

to be awarded the MSC certification and seafood ecolabel in November 2011 (MSC status, 

2011). 

http://www.msc.org/
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The annual landings of seabob shirmp in Suriname are approximately 10.000 metric tonnes 

and constitute the fourth largest source of export in Suriname (Southall et al., 2011). However, 

despite intense fisheries, little is known about the ecological role of the shrimp in the 

ecosystem and the patterns of predation and trophic links within the community are poorly 

understood. Most probably, X. kroyeri effectuates a trophic link between primary carbon 

sources (e.g. detritus and sediment organic matter) and secondary consumers, contributing to 

the diet of bottom-dwelling fishes (Southall et al., 2011). Seabob shrimp may be particularly 

important for those demersal fish species undergoing an ontogenetic shift in diet, with prey 

organisms becoming larger in size as the fishes grow and migrate offshore (Werner and 

Gilliam, 1984; Ross, 1986; Pauly and Palomares, 1987).  

The great abundance of seabob shrimp in the coastal ecosystem of Suriname and its trophic 

position (primary and second order consumers), makes this shrimp an important element 

within the food web and can potentially be considered as a ‘keystone-species’.  

The present study therefore aims to assess an important aspect of the ecological role of X. 

kroyeri in the near-shore food web of Suriname by investigating its relevance as a food source 

for demersal fishes. Accurate estimates of seabob shrimp consumption by bottom-dwelling 

fishes are required to understand trophic interactions, and to facilitate ecosystem-based 

fishery management. The ecological impact of seabob trawling on the ecosystem and its 

indirect pressure on other fish stocks will also be discussed.   

The top-down trophic interactions will be studied by sampling different fish species (and 

length classes) which commonly occur in the coastal waters of Suriname and by identifying 

their diet through stomach content analysis. Stomach contents will furthermore describe the 

feeding habits of demersal fishes. At the same time, outcomes will serve as a basis to 

strengthen the continuous monitoring and management of the fisheries in order to control 

shrimp stocks in an integrated ecosystem approach. Considering the linkages between X. 

kroyeri and demersal fishes, the harvest strategy for the Suriname Atlantic seabob fishery will 

have to consider both the natural stocks of X. kroyeri and its contribution to chief predators.  

As claimed by Hertwich (2005), a successful implementation of sustainable consumption and 

livelihoods is needed to achieve sustainable development. Moreover, successful 

implementation of any management or mitigation measure requires information, the present 

study being the first scientific report to deal with the the trophic links between X. kroyeri and 

demersal fishes in Suriname. 
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MATERIALS AND METHODS 

 
1. Study area and data collection 

Demersal fishes were collected between 6 and 40 m depth in the coastal waters of Suriname 

part of the Brazil-Guianas Shelf large marine ecosystem (LME) (6 00° N, 54° 50 W). Covered by 

FAO statistical area 31, the LME is characterized by a wide shelf and flat and muddy bottom 

substrates.  Due to the existence of upwellings along the shelf edge it has been described to be 

highly productive and to have moderately diverse food webs (Ekau and Knoppers, 2003).  

Sampling took place on board of the commercial seabob shrimp trawler ‘Neptune 6’ owned by 

Heiploeg Suriname N.V. which uses twin-rigged otter trawls with mesh size of 57 mm in the 

body of the net and 45 mm in the cod end. Seabob trawlers capture a range of non-target 

organisms together with the target species, including fish, elasmobranches and invertebrates. 

Fishes were collected in an opportunistic way from the bycatch on commercial fishing trips, 

which are limited by the 18 and 30 m isobaths (Fig. 1). All hauls were taken at daylight time. 

Fishes were also collected during research campaigns at 24 different locations between 

February 2012 and April 2014, obtaining samples across the whole study area and over a long 

period of time (Fig. 1). All hauls were taken at daylight time. On board, selected fish species 

were sorted from the catch, measured to the nearest cm (total length; TL) and dissected to 

extract the guts. Guts were preserved in formaldehyde (4%). Smaller fish were preserved 

entire after injecting the stomach with formaldehyde (4%).       

                       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Surinamese coastline with indication of the  
permitted fishing area and location of sampling sites. 

http://www.eoearth.org/article/Ocean_circulation
http://www.eoearth.org/article/Food_web
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2. Selection of species and length classes 

 

The fishes to be analysed were selected based on data of the abundance and occurrence of 

demersal fish species in the study area (Willems et al. in preparation). Only species that 

occurred in more than 30% of 148 bottom trawl samples taken across the study area in 2012-

2013, were selected (Willems et al., in prep.). Using this criterion, 11 fish species were opt for 

stomach analysis (Table 1). Longnoze stingray (Dasyatis guttata) and Smooth butterfly ray 

(Gymnura micrura) were not collected due to the general vulnerability of rays (Stevens et al., 

2000) and because they are red-listed as Data Deficient by IUCN (The IUCN Red List of 

Threatened Species Version 2014.2, consulted on August 2014). 

In total five different families of fish were analysed (Table 1). The Sciaenidae family was the 

most represented with seven bottom dwelling carnivore species. Cynoscion jamaicensis 

together with M. ancylodon, are found from the coastline to about 60 m depth (Chao, 1978). In 

addition to C. virescens and N. microps, these species are considered important food fish and 

are targeted by coastal drift sein fisheries (Southall et al., 2011). Paralonchurus brasiliensis and 

smaller sciaenid species like S. microps and S. rastrifer occur in coastal waters but are also 

present near estuarine areas (Cervigón, 1993; Chao, 1978). The latest is often hunting in 

schools (Keith et al., 2000). Pleuronectiforme species were represented by A. achirus 

(Achiridae) and S. plagusia (Cynoglossidae) which hide completely in the sediment and look 

out for prey more actively during nighttime hours (Gibson et al., 1998). Many studies of the 

diet of fish have suggested efficient partitioning of food resources between different length 

classes and it has been especially reported for Triglidae (P. puncatus) and Ariidae (A. rugispinis) 

families. 

Length-frequency distributions of the selected species were used to determine the length 

classes to study (Fig. 2). Species with unimodal distribution were sampled for a unique length-

class; so-called ‘small’ (S).  Species with bimodal distribution were sampled for 2 length classes; 

small’ (S) and ‘large’ (L). In total 16 species-length classes were analysed (Fig. 2).  

Generally, the length class ‘small’ (S) comprised lengths below 25 cm while ‘large’ (L) ranged 

from 25 to 45 cm. For two species, the bimodal length-frequency distribution was however 

different (Fig. 2). For A. rugispinis and P. punctatus, ‘small’ individuals were those below 17 cm 

for the former and below 18 cm for the latter, while ‘large’ reached till 35 cm and 30 cm, 

respectively (Fig. 2). 
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Table 1. List of fish species and their occurrence percentages (%O) from 148 trawl samples in 

the study area taken in 2012 and 2013 (based on data by Willems et al. (in prep.)). D. guttata 

and G. mycrura were not collected for the analysis. 

Family Species name % O 

Dasyatidae Longnoze stingray  (Dasyatis guttata) 70,95 

Sciaenidae Jamaica weakfish  (Cynoscion jamaicensis) 67,57 

Sciaenidae Rake stardrum  (Stellifer rastrifer) 63,51 

Ariidae Softhead sea catfish (Amphiarius rugispinis) 62,16 

Sciaenidae King weakfish  (Macrodon ancylodon) 57,43 

Sciaenidae Smalleye stardrum  (Stellifer microps) 53,38 

Gymnuridae Smooth butterfly ray  (Gymnura micrura) 47,30 

Sciaenidae Green weakfish (Cynoscion virescens) 45,95 

Sciaenidae Smalleye croaker  (Nebris microps) 45,27 

Achiridae Sole (Achirus achirus) 42,57 

Cynoglossidae Duskycheek tonguefish  (Symphurus plagusia) 37,84 

Triglidae Searobin  (Prionotus punctatus) 33,78 

Sciaenidae Banded croacker  (Paralonchurus brasiliensis) 32,43 

 

3. Stomach analysis 

 

Stomach analysis took place at the BioLab facilities of Anton de Kom University of Suriname. In 

the lab, preserved fish specimens were identified and measured to the nearest cm (TL). Fish 

were dissected from below the large intestine to the oesophagus and the intact stomachs 

removed. Stomachs were cut open along the longitudinal axis and the contents were washed 

and emptied onto a Petri dish. All contents were examined with a binocular microscope and 

prey items were identified to the lowest possible taxonomic level. Unidentifiable items were 

grouped as ‘digested debris’. When digestion state permitted, prey items were counted and 

measured to the nearest millimetre (carapace length for shrimps (CL), carapace width for crabs 

(CW) and total length (TL) for fish).  

After identification, the prey items were placed in ceramic or aluminium foil cups and dried at 

60°C for 48 hours to obtain dry weight (DW). Next, contents were incinerated at 500°C for 2 

hours and ashes weighted (AW) in order to obtain the Ash Free Dry Weight (AFDW=DW-AW). 

Weight was measured with a precision of 0.0001g. 

To have a significant representation of diet compositions, at least 30 stomachs were analyzed 

per investigated species.
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Fig. 2. Length-frequency distributions of the 11 demersal fish species selected for the study. The abundance is shown as counts and the sample size n is 

the number of individuals used for the representation. Unimodal distributions determined the sampling of smaller individuals only (<25 cm). Bimodal  

profiles determined  the sampling of two length classes and the breakdown of lenghts is illustrated by an arrow. The smaller class for A.rugispinis was 

considered below 17 cm and for P. punctatus smaller than 18 cm  (based on data by Willems et al. (in prep.)). A total 16 species-length classes were 

analysed.
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4. Length-Weight relationship 

 

Length-weight relationships for the studied fish species were determined on a local basis to 

obtain Suriname specific regression values. Hereto, fishes were measured to the nearest cm, 

dissected to remove stomach contents, dried (48h at 60°C; DW) and burned (2h at 500°C; AW). 

For each fish species length-weight relationships can be expressed by both linear (W= a * L- b) 

and exponential (W= a * L
b) regressions where W refers to Ash Free Dry Weight in grams and L 

is total length in centimeters. Parameter a forms the intercept, while b represents the slope. 

The best fitted regression equation was selected based on the highest correlation coefficient 

(R2). In case no local length-weight data were available, regression coefficients were taken 

from literature (www.fishbase.org) and AFDW was then calculated based on the 20% 

established conversion from wet weight (WW) (AFDW=WW*0.2) (Saunders, 1972). 

5. Data analysis  

5.1 Dietary indices 

Qualitative and quantitative analyses were performed to analyze dietary compositions of 

demersal fish species.  

Fullness Index (FI) was used to characterize feeding activity and to detect differences in 

feeding intensities between species and length classes (Hyslop, 1980). FI is expressed as a 

percentage and considers the total weight of the stomach content over the total fish weight: 

%FI = (AFDW contents / AFDW fish)*100 

The Frequency of Occurrence (%FO) provided estimated consumption of individual prey taxa 

and identified the relative importance of the different prey categories (items) present in all 

non-empty stomachs: 

%FO= stomachs containing a prey category/ total number of stomachs containing prey 

By means of traditional dietary indices the abundance of all prey categories identified was 

assessed to numerical (%N) and gravimetric (%G) extent:  

%N = Ni / N * 100 

%G = Wi / W * 100 

http://www.fishbase.org/
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where Ni  is the number of individuals of a prey category, N the total number of individuals 

among all prey categories, Wi the ash free dry weight of individuals of a prey category and W 

the total ash free dry weight of individuals among all prey categories (Hyslop, 1980).  

Additionally, the importance of a food category was estimated using two indices: the 

alimentary coefficient (Q= %N * %G), considering preys as favorite for Q>200, secondary for 

20<Q<200 and accidental for Q<20 (Hureau, 1970); and the Index of Relative Importance [IRI= 

(%N+%G) * %FO)] proposed for Pinkas et al. (1971). 

5.2 Univariate analysis 

To identify possible differences in fullness index between fish species/length-classes, the 

statistical software R was used. Data was first explored to check for normality and 

homogeneity of variances (QQ plot; Shapiro-Wilk; Leven’s test; p<0.05). In case assumptions 

for ANOVA were not met, non-parametric tests were used (Kruskal-Wallis; p<0.05). In order to 

examine differences of means between two groups having possibly unequal variances, the 

Welch two sample t-test was carried out. The non-parametric Wilcoxon rank sum test was 

used as an alternative for the t- test. The null hypothesis (no difference between the groups in 

question) was rejected when p<0.05. 

 

5.3 Multivariate analysis  

To reveal similarities in diet composition between the different species and length classes, a 

multivariate community analysis was performed using Primer v6 (Clark and Gorley, 2006). 

Empty stomachs and the prey category ‘digested debris’ were excluded from the analysis. The 

numeric (abundance) and gravimetric (biomass) community data were square root 

transformed prior to analysis and a Bray-Curtis similarity matrix was constructed. Similarity of 

diet was assessed using a non-metric multidimensional scaling (MDS) plot (Clark, 1993). 

Similarities between and within species (length classes) were assessed by non-parametric 

analysis of similarities (ANOSIM). The distribution of the R statistic was settled for 999 

permutations. To determine the prey items that contributed most to the differences in diet 

composition between species the similarity percentage analysis (SIMPER) was achieved (Clark 

and Gorley, 2006) with a 90% cut off for low contributions . A significance level of p<0.05 was 

used in all tests.  Only biomass data is used in some analyses for a better representation of the 

food uptake in the diet compositions of the species. 

http://en.wikipedia.org/wiki/Variance
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 5.4 Diversity indices 

The Shannon diversity index (H') (Shannon, 1948) was used to compare diet compositions and 

indicate the amount of specialization in feeding habits within the population studied (Frame, 

1974). Diversity analysis was performed using the DIVERSE test in PRIMER package v6 (Clark 

and Gorley, 2006) from the biomass data matrix. Total number of prey species in the sample 

(S), total number of individuals (N) and the Shannon diversity index with logarithm to the base 

e were obtained per each investigated stomach. Then, average values per fish species were 

obtained using the Average tool in PRIMER package v6 (Clark and Gorley, 2006). 

RESULTS 

1. Length-Weight Relationship 

 

A total of 198 fishes were used to determine local length-weight relationships. Linear (L) or 

exponential (E) relationships were found and the best regression was applied. Unless real 

AFDW was available, regression values were used to calculate fish biomass from the total 

length (Table 2). Literature data was used for one species (Symphurus plagusia) which length-

weight relationship applied for an intercept value (a) of 0.0091 and slope (b) of 2.98 (Froese et 

al., 2013.). The obtained ash-free dry weights were used to determine the fullness indices of 

the investigated species. 

 
Table 2. Length (total length) - weight (AFDW) relationships of the investigated fish species. 
Values for intercepts (a), slopes (b) and correlation coefficients (R2) are shown for the best 
fitted regression equation.  
 

 

           (L)  W= a * L - b             (E)  W= a *  L b 

 

Species n n real AFDW a b R2 

(E) Achirus achirus 14 
 

0,5077 0,2158 0,946 

(L) Amphiarius rugispinis 25 17 2,0221 22,401 0,634 

(E) Cynoscion jamaicensis 25 
 

0,1461 0,2298 0,9608 

(L) Cynoscion virescens 24 19 0,9160 9,9862 0,7699 

(E) Macrodon ancylodon 22 11 0,1954 0,1927 0,9594 

(E) Nebris microps 21 14 0,2031 0,1903 0,9876 

(E) Paralonchurus brasiliensis 7 
 

0,2381 0,1915 0,5811 

(E) Prionotus punctatus 9 
 

0,5151 0,1718 0,9782 

(E) Stellifer microps 25 
 

0,2628 0,2110 0,99415 

(E) Stellifer rastrifer 26 14 0,4094 0,1925 0,9266 

 

Symphurus plagusia 156 
 

0.0091 2.98 0.961 
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2. Fullness index 

 

Fullness Index (FI) was calculated for all fishes to describe their feeding activity. Total number 

of investigated stomachs and min/max and mean fullness values are shown in Table 3. The 

fullest stomachs were found in C. virescens with a mean fullness index of 4.8 ± SD 6.2%. High 

FI’s were also found in small-sized M. ancylodon (2.1 ± SD 3.4%) and C. jamaicensis (1.1 ± SD 

2.4%). For all other fish species, FI’s were lower than 1%, with the stomachs of S. plagusia 

being the emptiest on average (0.05 ± SD 0.03%).   

Using a 95% confidence interval, significant differences were found among the FI of the 16 

species-length class combinations studied (Kruskal-Wallis; p< 2.2e-16). For the species with 

two length-classes, the FI differed between small and large fish, except for A. rugispinis (t-test; 

p<0.05; Table 4). 

3. Diet analysis 

 

A total of 600 stomachs were examined. Of these, 16 (2.7%) were empty. The diet composition 

of the investigated fish species included a wide variety of prey taxa. A total of 65 prey items 

were identified, 20 of which occurred only once in the stomachs (0.17% FO) (Table 5). 

Table 3. Values of fullness index for all fish species and length classes studied (S=small, 

L=large) and the total number of stomachs analyzed (n). Note the stomachs found empty.     

    Stomachs   Fullness index   

Family Species n empty min max mean       SD 

Achiridae Achirus achirus 31 1 0,0246 0,442 0,0934 0,0927 

Ariidae 

Amphiarius rugispinis S 32 
 

0,02 3,5726 0,3664 0,6435 

Amphiarius rugispinis L 66 1 0,0047 1,558 0,1588 0,2882 

Sciaenidae Cynoscion jamaicensis 33 
 

0,0055 13,1559 1,065 2,3687 

Sciaenidae Cynoscion virescens 32 
 

0,0662 26,9091 4,7803 6,1567 

Sciaenidae 

Macrodon ancylodon S 60 
 

0,0005 17,657 2,0502 3,4287 

Macrodon ancylodon L 31 
 

0,0004 5,2482 0,5911 1,1797 

Sciaenidae 

Nebris microps S 37 1 0,0134 2,8148 0,5037 0,6579 

Nebris microps L 29 
 

0,0021 0,7819 0,1706 0,1938 

Sciaenidae 

Paralonchurus brasiliensis S 32 2 0,0126 0,6395 0,1299 0,1351 

Paralonchurus brasiliensis L 31 1 0,0045 0,2606 0,0542 0,0574 

Triglidae 

Prionotus punctatus S 33 2 0,0131 1,0352 0,1571 0,2141 

Prionotus punctatus L 34 2 0,0071 1,861 0,4108 0,4616 

Sciaenidae Stellifer microps 39 4 0,013 2,396 0,2776 0,4918 

Sciaenidae Stellifer rastrifer 48 1 0,0003 3,1535 0,3447 0,7206 

Cynoglossidae Symphurus plagusia 32 1 0,0064 0,1294 0,0512 0,0317 
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Table 4. Student’s t-test p-values for differences in Fullness Index between small and large 

individuals of five fish species. 

  
Student's t-test Fullness index 

 
Species t df p-value 

Amphiarius rugispinis  0,610 35,499     0,546 

Macrodon ancylodon  29,732 80,791 0,004* 

Nebris microps 27,136 43,908 0,009* 

Paralonchurus brasiliensis  26,759 42,160 0,011* 

Prionotus punctatus  -2,757 46,680 0,008* 

 

3.1 General diet description 

Crustaceans occurred in 97.9% of all the stomachs, with the order Decapoda being dominant 

within this taxon (78.6%FO). Fish (Pisces sp.) was of secondary importance (30.1 %FO), with 

the majority of identified individuals belonging to the Scianidae family. Polychaetes were the 

third major group represented in the stomach contents (15.4%), followed by Plathyhelmintes 

(5.5%), Molluscs (4.8%), Nematoda (2.2%) and Annelida (0.3%; all %FO) (Table 5).  

Looking at the individual prey items, unidentified Decapoda sp. (26.4%), X. kroyeri (18.3%) and 

fish remains (17.9%) were most frequently found in the stomachs, while unidentified species 

belonging to Polychaeta (11.9%), Amphipoda (11.1%), Brachyura (9.1) and Pisces (9.3%; all 

%FO) were also frequently preyed upon (Table 5). Digested debris occurred in 77.7% of all 

investigated stomachs. 

Numerically, unidentified Decapoda sp. was the most important prey item (14.8%), followed 

by unidentified Amphipoda sp. (11.4%), Pisces sp. remains (10.2%) and X. kroyeri (6.5%; all 

%N). Gravimetrically, unidentified Pisces sp. (25.7%) contributed most to the diet of the fishes, 

followed by X. kroyeri (21.3%; both %G). All other prey items had a gravimetrical contribution 

of less than 9% (Table 5).   

Both the feeding coefficient Q and the index of relative importance IRI suggested X. kroyeri 

(Q=138; IRI=509) as the most important prey contributing to the diet of demersal fish species. 

Unidentified Decapoda sp. (Q=125; IRI=612), unidentified Pisces sp. (Q=76; IRI=265) and Pisces 

sp. remains (Q=37; IRI=248) were also important, while all other prey items were considered as 

accidental prey based on their low feeding coefficient (Q<20).    
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Prey items % FO % N % G Q IRI

Anelida

Unidentified sp. 0,34 0,07 < 0,01 < 0,01 0,03

Crustacea 

Unidentified sp. 3,25 1,62 0,12 0,20 5,69

Amphipoda

Unidentified sp. 11,13 11,44 0,17 1,99 129,26

Caprellidae sp. 0,17 0,04 < 0,01 < 0,01 < 0,01

Copepoda

Unidentified sp. 0,86 0,43 0,38 0,16 0,69

Cumacea

Unidentified sp. 0,17 0,07 < 0,01 < 0,01 0,01

Decapoda

Unidentified sp. 26,37 14,76 8,44 124,56 611,76

Anomura

Unidentified sp. 0,17 0,04 < 0,01 < 0,01 < 0,01

Diogenidae 0,17 0,04 < 0,01 < 0,01 < 0,01

Clibanarius foresti 0,17 0,04 0,01 < 0,01 < 0,01

Brachyura

Unidentified sp. 9,08 5,85 1,23 7,20 64,24

Calappidae 2,57 5,30 0,32 1,70 14,45

Calappa sp. 2,40 1,37 0,07 0,10 3,46

Dromiidae 0,17 0,04 < 0,01 < 0,01 < 0,01

Hepatus gronovii 0,51 0,18 0,71 0,13 0,46

Hepatus pudibundus 0,17 0,04 0,13 < 0,01 0,03

Leiolambrus nitidus 0,17 0,07 0,02 < 0,01 0,02

Portunidae 1,20 0,36 0,19 0,07 0,67

Callinectes sp. 0,17 0,04 0,14 < 0,01 0,03

Portunus sp. 0,34 0,07 0,20 0,014 0,09

Portunus gibbesii 0,34 0,11 0,60 0,065 0,24

Macrura

Unidentified sp. 3,42 1,70 0,67 1,14 8,104

Acetes americanus 1,03 0,40 0,04 0,01 0,45

Exhippolysmata oplophoroides 4,28 1,05 2,51 2,62 15,21

Nematopalaemon schmitti 2,23 0,65 1,76 1,14 5,36

Xiphopenaeus kroyeri 18,32 6,46 21,33 137,79 509,18

Ogyrides sp. 1,71 0,79 0,24 0,19 1,77

Penaeus sp. 1,88 1,26 0,09 0,11 2,55

Penaeus brasiliensis 0,17 0,04 0,02 < 0,01 0,01

Penaeus subtilis 0,17 0,04 6,61 0,24 1,14

Sicyonia sp. 0,34 0,11 0,07 < 0,01 0,06

Solenocera sp. 0,17 0,07 0,07 < 0,01 0,02

Trachypenaeus sp. 0,68 0,36 0,44 0,16 0,55

Trachypenaeus similis 0,17 0,14 0,44 0,06 0,10

Mysidacea

Unidentified sp. 1,03 1,41 0,05 0,07 1,50

Mysis sp. 0,17 0,11 < 0,01 < 0,01 0,02

Stomatopoda

Unidentified sp. 1,37 0,94 0,01 0,01 1,31

Squilla 1,20 0,32 0,33 0,11 0,79

Squilla lijdingi 2,74 0,69 1,06 0,73 4,79

Squilla obtusa 0,51 0,11 0,22 0,02 0,17

Table 5. List of prey items present in the stomachs of all demersal fishes studied. Frequency 

of occurrence (F0%), abundances (N%), ash-free dry weight (%G), feeding coefficient (Q) and 

index of relative importance (IRI) . N/A indicated that no quantification could be made. 
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Prey items % FO % N % G Q IRI

Mollusca

Bivalvia

Unidentified sp. 3,25 1,15 0,07 0,08 3,97

Mactridae sp. 0,17 0,04 < 0,01 < 0,01 < 0,01

Nuculidae sp. 0,17 0,29 0,17 0,05 0,08

Pectinidae sp. 0,17 0,04 < 0,01 < 0,01 < 0,01

Veneridae sp. 0,17 0,04 < 0,01 < 0,01 < 0,01

Gastropoda

Unidentified sp. 0,51 0,54 0,09 0,05 0,33

Volutomitridae sp. 0,34 0,07 0,02 < 0,01 0,03

Nematoda

Unidentified sp. 2,23 2,17 0,02 0,04 4,86

Pisces

Unidentified sp. 9,25 2,96 25,74 76,17 265,37

Remains 17,98 10,18 3,64 37,03 248,39

Clupeiformes 0,17 0,04 0,25 0,01 0,05

Engraulidae sp. 0,51 0,14 1,51 0,22 0,85

Anchoviella lepidentostole 0,34 0,07 4,66 0,34 1,62

Perciformes

Cynoscion jamaicensis 0,51 0,18 0,30 0,05 0,25

Macrodon ancylodon 0,51 0,11 3,20 0,35 1,70

Paralonchurus sp. 0,17 0,04 0,04 < 0,01 0,01

Stellifer rastrifer 0,34 0,07 1,95 0,14 0,69

Pleuronectiformes

Symphurus plagusia 0,34 0,11 0,16 0,02 0,09

Plathyhelmintes

Unidentified sp. 5,48 1,91 0,07 0,13 10,85

Polychaeta

Unidentified sp. 11,99 6,24 1,01 6,32 86,96

Aonides sp. 2,74 3,32 0,14 0,47 9,49

Cirratulidae sp. 0,68 0,40 0,24 0,09 0,43

Others

Chalk 0,17 0,04 < 0,01 < 0,01 0,01

Digested debris 77,74 N/A 7,99 N/A N/A

Plastic 0,68 0,14 0,01 < 0,01 0,11

Table 5. (Continued) 

3.2 Seabob contribution 

The Atlantic seabob shrimp X. kroyeri was present in the stomach contents of 15 out of 16 fish 

species-length class combinations studied. Only A. achirus did not have X. kroyeri in its 

stomach.  

Xiphopenaeus kroyeri showed an important frequency of occurrence (18.3%), only preceded by 

unidentified Decapoda sp. (26.4 %FO). In abundance X. kroyeri was the fourth major prey 

encountered (6.5 %N) in the stomachs while it represented the second highest biomass 

between all prey items (21.3 %G). The dietary coefficient indicated X. kroyeri as a dominant 

food source (Q=137.79).  
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Particularly, X. kroyeri was a favorite prey for C. virescens (Q=1499) and for both small and 

large individuals of N. microps (Q=1658 and 1524, respectively). It was determined secondary 

prey for both small and large M. ancylodon (Q=135 and 140, resp.), as well as for S. microps 

(Q= 26) and S. rastrifer (Q= 23). For the other fish species, X. kroyeri was considered as 

accidental prey (Q<20; See Annex 2 for detailed dietary indices per species). 

3.3 Multivariate analysis 

The MDS ordination plot showed no clear pattern for differences in diet among fish species, 

even after exclusion of outliers. However, a discernible pattern could be depicted when 

plotting the samples on a family level (Fig. 3). The Sciaenidae, was the most variable family, 

although Achiridae, Cynoglossidae and Triglidae family showed a large variability in diet as well 

(Fig. 3). Many samples clustered together in the center of the multidimensional space due to 

the similarity of their diet items. Zooming in on these, Achiridae separated clearly. Ariidae 

differed in diet from Sciaenidae, with the Triglidae being intermediate between both (Fig. 3). 

The 2-dimensional ordination plot was a good representation of real similarity distances as 

stress values were low (0.01 and 0.08). Similar patterns were found using gravimetric data (See 

Annex 3).  

 

Figure 3. MDS ordination plot for family based on numerical data.  
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The prey species contributing to the diet of each fish family were described by the SIMPER 

analysis (Table 6). While ariids and scianids shared decapoda and fish species as a food source, 

scianids and triglids had the presence of X. kroyeri in their stomachs in common. Achirids and 

cynoglossids differed from the others due to the high contribution of polychaetes in their 

diets. 

The pattern observed in MDS were supported by the little magnitude of the differences 

indicated on the global analysis of similarities (ANOSIM abundance and biomass; p=0.001; 

R=0.13 and 0.16 resp.; Table 7). However, the pair wise comparison showed considerable 

differences in diet between the Achiridae and the Triglidae (ANOSIM biomass; R=0.71; 

p=0.007) and the Ariidae and the Cynoglossidae (ANOSIM abundance; R=0.44; p=0.001). Other 

differences in diet between families were smaller (R<0.4) or insignificant (Table 7). 

Table 6. SIMPER analysis for each fish family. Average similarity percentages (Sim%) within 

samples, characteristic prey items (90% cutoff) and its percentage contributions (Contrib%).   

  SIMPER test 

Family 
Abundance data Biomass data 

Sim % prey Contib % Sim % prey Contib % 

Achiridae 4,9 Polychaeta sp. 62,9 7,4 Polychaeta sp. 72,2 

  
Nematoda sp. 32,6 

 
Nematoda sp. 24,3 

Ariidae 17 Amphipoda sp. 43,4 10,8 Brachyura sp. 42,7 

  
Brachyura sp. 25,6 

 
Amphipoda sp. 21,9 

  
Decapoda sp. 10,2 

 
Decapoda sp. 10,5 

  
Pisces sp. remains 5,9 

 
Aonides sp. 7,6 

  
Aonides sp. 5,4 

 
Polychaeta sp. 3,3 

Sciaenidae 12,1 X. kroyeri 33,4 7,7 X. kroyeri 38,5 

  
Decapoda sp. 30 

 
Decapoda sp. 27,5 

  
Pisces sp. remains 16,9 

 
Polychaeta sp. 11,1 

  
Pisces sp. unidentif. 8,2 

 
Pisces sp. remains 9,7 

  
Polychaeta sp. 7,8 

 
Pisces sp. unidentif. 9,1 

Triglidae 16 Plathyhelmintes sp. 51,2 10,1 Plathyhelmintes sp. 49 

  
Decapoda sp. 40,7 

 
Decapoda sp. 40 

     
X. kroyeri 2,1 

Cynoglossidae 2 Polychaeta sp. 100 1,2 Polychaeta sp. 100 

 

Comparing small and large individuals of those species with two length classes, small 

differences existed only in A. rugispinis and N. microps (ANOSIM biomass; p<0.05; R=0.15 and 

0.11, resp.; Table 8). Because the other species showed no difference in diet with length, 

length classes were only considered for A. rugispinis and N. microps in further analyses.  
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Table 7.  ANOSIM sample statistic (R)  and p-values for differences in diet composition 

between family groups. 

    ANOSIM test 

Pair wise families 
Abundance data Biomass data 

R p-value R p-value 

Global test 
 

0.134 0.001* 0.159 0.001* 

Achiridae Ariidae 0,373 0,001* 0,184 0,106 

Achiridae Sciaenidae 0,185 0,001* 0,359 0,009* 

Achiridae Triglidae 0,296 0,001* 0,707 0,007* 

Achiridae Cynoglossidae 0,027 0,036* -0,556 1 

Ariidae Sciaenidae 0,103 0,001* 0,218 0,001* 

Ariidae Triglidae 0,288 0,001* 0,165 0,003* 

Ariidae Cynoglossidae 0,441 0,001* 0,25 0,205 

Sciaenidae Triglidae 0,072 0,002* -0,008 0,537 

Sciaenidae Cynoglossidae 0,19 0,001* 0,24 0,182 
Triglidae Cynoglossidae 0,338 0,001* 0,713 0,091 

 

 

Table 8. ANOSIM biomass sample statistic (R)  and p-values for differences in diet 

composition between small and large individuals of five fish species. 

ANOSIM test  

Lenght class pairwise R p-value 

Global test 0,25 0,001* 

A. rugispinis S A. rugispinis L 0,145 0,001* 

M. ancylodon S M. ancylodon L 0,018 0,186 

N. microps S N. microps L 0,108 0,005* 

P. brasiliensis S P. brasiliensis L 0,026 0,510 

P. punctatus S P. punctatus L 0,013 0,217 

 

 

When looking at species level, SIMPER analysis indicated that the diet of C. virescens and the 

small-sized N. microps consisted in more than the 50% on X. kroyeri (Table 9). Moreover, these 

species in addition to P. brasiliensis, which fed strictly on polychaetes, showed the most 

consistent diets (average similarity >25%) (Table 9). Other species that presented three or 

more prey items in their stomachs, such us the large individuals of N. microps, the two size 

groups of A. rugispinis, S. rastrifer and P. punctatus, showed an average similarity in their diets 

lower than the 15% (Table 9).  The diet similarities within the rest of species varied between 1 

and 9% (Table 9).   
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Table 9. SIMPER biomass analysis for each fish species. Average similarity percentages 

(Sim%) within samples, characteristic dietary prey items (90% cutoff), its percentage 

contributions (Contrib%) and cumulative percentages (Cum.%). 

  SIMPER test   SIMPER test 

Species Sim.% Prey Contrib% Cum.% Species Sim.% Prey Contrib% Cum.% 

A. achirus 7,38 Polychaeta sp. 72,18 72,18 N. microps S 28,56 X. kroyeri 84,72 84,72 

  
Nematoda sp. 24,32 96,5 

  
Macrura sp. 11,13 95,85 

A. rugispinis S 13,74 Amphipoda sp. 39,23 39,23 N. microps L 17,5 X. kroyeri 77,52 77,52 

  
Calappa sp. 19,27 58,51 

  
Macrura sp. 8,58 86,11 

  
Polychaeta sp. 18,43 76,94 

  
E. oplophoroides 6,2 92,31 

  
Decapoda sp. 10,2 87,14 P. brasiliensis 29,3 Polychaeta sp. 96,21 96,21 

  
Brachyura sp. 7,84 94,98 P. punctatus 10,12 Plathyhelmintes sp. 49,04 49,04 

A. rugispinis L 13,08 Brachyura sp. 59,98 59,98 
  

Decapoda sp. 40,04 89,08 

  
Aonides sp. 13,48 73,46 

  
X. kroyeri 2,14 91,22 

  
Amphipoda sp. 10,57 84,03 S.microps 6,26 Calappidae 26,94 26,94 

  
Decapoda sp. 7,81 91,84 

  
Brachyura sp. 24,96 51,9 

C. jamaicensis 5,4 Pisces sp. 54,05 54,05 
  

X. kroyeri 14,74 66,64 

  
Pisces remains 19,35 73,4 

  
Decapoda sp. 13,98 80,62 

  
Decapoda sp. 15,71 89,11 

  
S. lijdingi 11,84 92,46 

  
Mysidacea sp. 9,19 98,3 S. rastrifer 11,72 Decapoda sp. 49,41 49,41 

C. virescens 30,07 X. kroyeri 55,62 55,62 
  

Pisces remains 21,05 70,47 

  
Decapoda sp. 40,53 96,16 

  
Pisces sp. 10,65 81,12 

 M. ancylodon 8,44 Decapoda sp. 31,07 31,07 
  

E. oplophoroides 9,29 90,41 

  
Pisces sp. 26,45 57,52 S. plagusia 1,2 Polychaeta sp. 100 100 

  
Pisces remains 24,36 81,88 

         X. kroyeri 17,22 99,1 
      

Significant dietary differences between species were indicated by the ANOSIM test (ANOSIM 

biomass; global R=0.237; p=0.001; Table 10). The highest dissimilarities were found between 

the small-sized individuals of N. microps and A. rugispinis (R=0.55, p=0.001), C. virescens and S. 

plagusia (R=0.54, p=0.001) and small-sized N. microps and P. brasiliensis (R=0.52, p=0.001) 

(Table 10; R>0.45). Pair wise SIMPER test pointed out X. kroyeri as the main responsible prey 

causing those differences (Table 10; 50% cutoff contribution). Contributing to more than the 

30% of the observed dissimilarities, X. kroyeri was characteristic in the diet of scianid species 

(Table 10). Other prey items responsible of the 50% contribution were decapoda and 

polychaete species which belonged in lower abundances to A. rugispinis and S. plagusia (See 

Annex 3.10 for detailed average abundances per fish species).  
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Table 10. ANOSIM biomass sample statistic (R) and p-values for the six fish species showing 

higher (R>0.45) differences in diet composition. SIMPER analysis indicates the prey items 

responsible of these differences and its contribution percentages (50% cutoff).  

    ANOSIM test SIMPER test 

Pair wise species     R p-value       Prey 
50% 

contribution 

Global test 
 

0,237 0,001*   

A. achirus C. virescens 0,455 0,001* X. kroyeri 41,21 

    
Decapoda sp. 32,15 

A. rugispinis S C. virescens 0,514 0,001* X. kroyeri 37,27 

    
Decapoda sp. 29,37 

A. rugispinis S N. microps S 0,546 0,001* X. kroyeri 32,02 

    
Decapoda sp. 10,09 

    
Polychaeta sp. 8,57 

C. virescens P. brasiliensis 0,506 0,001* X. kroyeri 38,32 

    
Decapoda sp. 29,99 

C. virescens S. plagusia 0,538 0,001* X. kroyeri 45,78 

    
Decapoda sp. 35,32 

N. microps S P. brasiliensis 0.524 0.001* X. kroyeri 35,45 

    
Polychaeta sp. 28,7 

N. microps S S. plagusia 0,493 0,001* X. kroyeri 54,69 

 

 

4. Diversity analysis 

 

The diet diversity of all species was represented by the Shannon index and the values for all 

species-length class combinations are shown in table 11. The large-sized P. punctatus and the 

two size classes of A. rugispinis showed the most diverse diets (H’ >0.5; S >2). Individuals of C. 

jamaicensis, A. achrius and M. ancylodon presented the closest H’ values to zero (H’ ≈ 0.1) 

together with S. plagusia which had a very specialized diet with only one prey type in the 

stomach (H’=0).  The rest of species, showed intermediate diet diversities with H’ values 

ranging between 0.2 and 0.4. Wilcoxon test statistic determined that the investigated 

stomachs of P. punctatus did not have significant differences between length classes (Table 

12), hence considering the same diet composition and specialization in both size groups. The 

diversity analysis still showed that P. punctatus as a whole had one of the most rich and 

specialized diets among all species studied (S=2.08; N=0.22; H’=0.54).  
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Table 11. Average values of the total number of prey species (S), the total number of 

individuals (N) and the Shannon diversity indices (H’) (to log e) for all 16 species lenght-class 

combinations analyzed. 

  Diversity indices 

Species S N H'(log e) 

Achirus achirus 0,967 0,051 0,136 

Amphiarius rugispinis S 2,452 0,111 0,672 

Amphiarius rugispinis L 2,273 0,147 0,522 

Cynoscion jamaicensis 1,030 0,123 0,151 

Cynoscion virescens 1,750 0,450 0,396 

Macrodon ancylodon S 1,150 0,305 0,120 

Macrodon ancylodon L 1,0 0,431 0,108 

Nebris microps S 1,667 0,162 0,409 

Nebris microps L 1,621 0,329 0,368 

Paralonchurus brasiliensis S 1,100 0,068 0,203 

Paralonchurus brasiliensis L 1,367 0,122 0,231 

Prionotus punctatus S 1,516 0,075 0,366 

Prionotus punctatus L 2,625 0,368 0,709 

Stellifer microps 1,286 0,104 0,275 

Stellifer rastrifer 1,574 0,160 0,280 
Symphurus plagusia 0,194 0,006 0,0 

 

Table 12. Wilcoxon test p-values for differences in Shannon Index between small and large 

individuals of five fish species. 

Wilcoxon test Shannon index 

Species W p-value 

Amphiarius rugispinis  1510,5 0,0006* 

Macrodon ancylodon  1278,5 0,0036* 

Nebris microps 725,0 0,0151* 

Paralonchurus brasiliensis  695,5 0,0062* 

Prionotus punctatus  441,0  0,1339 

DISCUSSION 

1. Food and feeding habits 

Overall, the presence of crustaceans, mainly decapoda species, and fish material characterized 

the diet of the investigated demersal fishes. Those included seven species of sciaenids, and 

one species of the families of ariids, triglids, achirids and cynoglossids. Hence, the general diet 

composition described well the preferences of scianids for fish and crustaceans (Keith, 2000; 

Cervigón, 1993; Chao, 1978). However, the stomach contents of the other fish families 
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indicated higher significant intake of other prey categories (e.g. polychaetes, nematodes, 

plathyhelmintes or amphipods). 

The observed diet patterns reflected the feeding habits of the investigated species in the 

coastal zone. Nonetheless, daylight sampling promoted a better diet representation of diel 

feeders. Flatfishes are typically nocturnal and appear to exhibit greatest feeding rates during 

nighttime hours (Gibson et al., 1998; Nash et al., 1994). In the present study, flatfishes (A. 

achirus and S. plagusia) showed the lowest values of feeding intensity (expressed by the 

fullness index). The stomach contents of A. achirus and S. plagusia had mostly worms and 

showed a high occurrence of ‘digested debris’. This, suggest a misinterpretation of their 

feeding preferences since their stomach contents have had time to digest overnight (see 

Annex 2 for detailed diet description per species). Yet, its vulnerability to daytime trawling 

(Allen, 1982) and its occurrence in the bycatch during seabob trawling (Willems et al. in 

preparation) justified the study of their diets.  

Diurnal species also showed high frequency of ‘digested debris’ occurrence in their stomachs. 

A global interpretation, independent of the feeding activity and comparative with other 

dietary studies of fish, revealed the influence of water temperature on fish digestion rates, 

with higher rates at higher temperatures (a.o. Handeland, 2008; Jobling et al., 1977). Both, 

ariids (A. rugispinis) and triglids (P. punctatus) reside in waters of estuaries and around river 

mouths, where elevated water temperatures may promote higher digestion rates than in 

scianids inhabiting more offshore zones with slightly lower water temperatures (Cervigón, 

1993; Chao, 1978). In accordance, the diets of A. rugispinis and P. punctatus were represented 

by crabs and other small crustaceans’ characteristic of this inshore coastal areas.  

Stomach content analyses of the scianid species C. jamaicensis and M. ancylodon indicated 

that they fed mostly on fishes while C. virescens and N. microps had preference for shrimps, 

mainly X. kroyeri. Paralonchurus brasiliensis and the smaller sciaenid species S. microps and S. 

rastrifer presented a moderate intake of shrimps and fish while preying chiefly on polychaetes, 

crabs and mantis shrimp. All this suggest an ecological partitioning among Scianidae in the 

near-shore waters of Suriname. Moreover, diet similarities encountered within species, 

particularly in C. virescens, N. microps and P.brasiliensis, demonstrates a high constancy in 

their feeding habits.  

The relationship between prey selection and fish size has been already described for demersal 

fishes by many authors (Carr and Adams, 1973; Moody, 1950; Davis, 1985). Fish size influences 
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the extent to which most species feed on shrimps and suggests a partitioning of food 

resources between length classes. Small sized fish are recognized to feed on shrimps to only a 

minor extent whereas fish around 10-30 cm of total length feed heavily on shrimps.  Fish 

species that grow to a large size tend to feed less on crustaceans while switching to a higher 

energy fish diet as they become adult, a fact that may result from their greater ability to catch 

prey having a high mobility (Dall, 1900). Consequently, medium sized individuals of fish are 

suggested to be the chief predators of shrimps (Brewer et al., 1989;Dall, 1900). Length 

grouping in the present study did not identify ontogenetic dietary shifts, most probably 

because size classes still comprised individuals considered in the range of 10 to 30 cm (TL). 

Although the dietary composition was significant between length classes in most of the 

species, no clear tendencies for prey preference were observed between the size ranges. 

In view of that, the collection of fish samples from seabob trawls represents a shortcoming on 

the results. This opportunistic sampling method, in contrast to provide a positive alternative to 

expensive ongoing sea research makes part of the obtained data to be fisheries dependent. 

The utilization of bycatch fish for diet analysis is not an effective way of catching 

representative individuals of the whole population since the size of the collected fishes is 

restricted by the mesh size of the net. As results, the used methods may cause overestimation 

of X. kroyeri consumption in the ecosystem as well as misinterpretation of other prey 

preferences.  

Many of these above mentioned uncertainties could be overcome by complementing the 

study of stomach analysis with Stable Isotope Analysis (SIA). Stable isotope ratios are especially 

valuable when visual identification fails. Even an extensive study on stomach analysis might 

not exclude the risk of drawing false conclusions about prey preference. Stomach analysis 

technique only reflects a “snapshot” of an individual's recent diet (8–16 hours) and can be 

highly variable (Polito et al., 2011). Large sample sizes are required to statistically examine 

differences among species and for that reason at least 30 stomachs were considered here per 

investigated species. While implementing stable isotopes analysis in dietary studies, the 

opportunity to obtain long-term diet of demersal fishes will offer a better representation of 

their food source preferences. Additionally, SIA can reveal the trophic dynamics of aquatic 

systems and may be used to reconstruct the trophic structure of marine ecosystems over time 

(Polito et al., 2011). Moreover, reconstructing trophic structure or food chain length over time 

may provide resource managers with insights about ecosystem biodiversity and resilience.  

http://www.google.be/search?hl=es&tbo=p&tbm=bks&q=inauthor:%22W.+Dall%22&source=gbs_metadata_r&cad=6
http://www.google.be/search?hl=es&tbo=p&tbm=bks&q=inauthor:%22W.+Dall%22&source=gbs_metadata_r&cad=6
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2. Seabob importance  

As suggested by many authors (Griffiths, 1975; Popova, 1978; Cantanhêde et al., 2009), the 

prey abundance is considered a determinant factor in the exploitation of food resources by 

predatory fish. The studied bottom dwelling fishes are commonly found in the same coastal 

areas where seabob shrimp occurs abundantly (Willems et al. in preparation). Accordingly, the 

present study indicated X. kroyeri as the most important food source for demersal fishes and 

determined the role of Sciaenidae as main chief predators.  

Many of these sciaenid species also have economic value and are retained onboard of the 

shrimp vessels for landing and eventual sale on domestic and limited export markets (Southall 

et al., 2011). Four main species of fish comprise more than 90% of the retained fish bycatch, 

three of those being the King weakfish (M. ancylodon), the Green weakfish (C. virescens) and 

the Smalleye croaker (N. microps) whose diet reflected preference for X. kroyeri as a food 

source.  

On the other hand, many field observations suggested that most penaeid shrimps, such as X. 

kroyeri, burrow in the substratum during the day and emerge at night (Le Guen et al., 1968; 

Idyll, 1950; Freire et al., 2011) becoming an easy target prey for nocturnally active species. 

Therefore, it might be preliminary to conclude, based on the results of the feeding preferences 

of A. achirus, that this night active flatfish species is not feeding on X. kroyeri. Hobson and 

Chess (1986) hypothesized that the activity patterns of fishes over sand flats is possibly related 

to the nocturnal increase in prey availability and a decrease in number of predators. Likewise, 

Keith et al. (2000) described diel bottom activity in some Sciaenidae species that swim to the 

surface at night exerting habitat displacement behaviour, most probably to avoid competition 

for food. Overall, these observations give support to the suggested existence of an ecological 

partitioning scheme in the near-shore ecosystem of Suriname in which seabob is an important 

contributor to overall benthic megafauna biomass (Southall et al., 2011).  

This is the first study done on the diet of demersal fishes in the area and provides long-term data 

on prey consumption. Dietary analyses presented the first estimates of seabob shrimp 

consumption by bottom-dwelling fishes and revealed its important role as a food source. 

Xiphopenaeus kroyeri represents the trophic link between primary producers and secondary 

order and occasionally third order consumers (Kerkhove, 2014).  

 



 
Quilez, I. (2014). The importance of the Atlantic seabob shrimp  Xiphopenaeus kroyeri as a food source 

for demersal fishes in the coastal waters of Suriname 

28 

 

 

3. Implications and future research 

The presented findings proved that X. kroyeri contributes to a large percentage to the diet of 

demersal fishes, especially to those sciaenid species that are retained for the shrimp fisheries 

itself. Pauly and Palomares (1987) suggested that commercially fished populations of penaeids 

could benefit from removal of their predators since predation by fish can be sufficiently large 

to have a major impact on prawn populations. Thus, the information obtained on the 

importance of X. kroyeri as a food source for retained sciaenids may reflect a balanced 

exploitation of ecosystem resources. Moreover, the revealed linkages between ecosystem 

components provide scientific value into the food web dynamics and predator-prey 

relationships for Surinamese waters. By fishing less target-specific, the harvest strategy for the 

Suriname Atlantic seabob fishery may contribute to better benefits for the ecosystem. 

However, there is little information regarding regular landings of retained species and there is 

few knowledge on the fish stocks in this area. Therefore, the potential impact to these species 

is directly related to the level of effort that is permitted under the terms of the seabob fishery 

management plan (Southall et al, 2011). Additionally, the seabob fleet operates in the shallow 

coastal zone where other small-scale fisheries also rely on fish resources occurring in these 

waters. The situation above highlights the need of more focused assessment and management 

of retained species and on the mutual impacts of these activities.   

At present, there is a targeted research plan for seabob fisheries which serves to protect the 

seabob resource, while also preventing serious harm to the ecosystem. However, the seabob 

stock is only assessed on a single species basis and as such management does not yet reflect 

an ecosystem approach to fisheries management (EAFM). The presented importance of X. 

kroyeri in the diet of bottom-dwelling fishes provides insight in the potential impact of the 

exploitation of X. kroyeri for other components of the ecosystem. The obtained information on 

the food web structure and trophic relationships provides support to the needs of 

implementing EAFM. At the same time, these findings can serve as a basis to strengthen the 

continuous monitoring and management of the fisheries considering both the natural stocks of 

seabob shrimp and its contribution to chief predators. 

Nonetheless, more targeted dietary studies are needed to better understand trophic pathways 

and to facilitate consistent information on the trophic interactions of the near-shore food web 

of Suriname. Specially, focused research should be done in high order predators. Most studies 

of the diet of fish in areas of high penaidae density have either not included elasmobranchs or 
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analysed very few individuals (Dall, 1900). Buried penaeids may be especially vulnerable to 

predation by rays that use strong suction pressure to feed on benthic invertebrates.  Some 

studies revealed the existence of penaeid shrimps in the stomachs of rays (Kruse, 1959) and 

the family of rajiformes are known to occur in high abundances in the Suriname Atlantic 

seabob shrimp fishery (Willems et al., in preparation). Among the discarded species, the 

Longnose stingray Dasyatis guttata and the Smooth butterfly ray Gymnura micrura are the 

most vulnerable (Southall et al., 2011) and future research on its diet in the area would 

provide more complete information of the trophic interactions of the near-shore food web of 

Suriname.  

CONCLUSIONS  

Many of today’s fisheries problems stem from governance systems which create incentives 

that are incompatible with ecosystem-level goals (e.g. health and sustainability). The seabob 

industry in Suriname has recognized the potential harm that trawling fishery and excessive 

bycatch levels may do to ecosystems and have implemented regulations for sustainable 

exploitation. This fact provided fishermen and others with incentives to consider the health 

and sustainability of the ecosystem as primary goals.  

The present study provides information on the importance of X. kroyeri as a linkage between 

ecosystem components and proves its ecological role in the ecosystem. Seabob shrimp, 

besides constituting an important protein supply for the continuous growth in the world 

population, provides employment and income for coastal inhabitants. Therefore, assessing the 

ecological impact that causes commercially removing the seabob shrimp and certain fish 

species from the ecosystem are of major importance to contribute to the sustainability of the 

fisheries and to safeguard livelihoods and economies they support. 

To conclude, the present study provides information to propose innovative management 

decisions for the Suriname Atlantic seabob fishery. New advice and management decisions 

have to include the findings of X. kroyeri as a ‘keystone’ species in the near-shore waters of 

Suriname in order to promote an ecosystem approach to fisheries management. In that way, 

natural resources can be harvested in a balanced sustainable manner, thereby ensuring long-

term security for coastal communities and natural systems. As claimed by Hertwich (2005), a 

successful implementation of sustainable consumption and livelihoods is needed to achieve 

sustainable development upon both marine ecosystems and economics.  

http://www.google.be/search?hl=es&tbo=p&tbm=bks&q=inauthor:%22W.+Dall%22&source=gbs_metadata_r&cad=6


 
Quilez, I. (2014). The importance of the Atlantic seabob shrimp  Xiphopenaeus kroyeri as a food source 

for demersal fishes in the coastal waters of Suriname 

30 

 

AKNOWLEDGEMENTS 

I wish to acknowledge the assistance and co-operation of the captain and crew of the Neptune 

6. Thanks to Prof.Dr. M. Vincx and Dr. A. De Backer for promoting the executed thesis. I would 

deeply thank T. Willems for his unconditional support and guidelines during all the procedure 

of this project and for his magnificent kindness in Suriname. I would like to thank as well to H. 

Hillewaert for his assistance in identifying shrimp prey, and students who had been working on 

diet analysis in previous years. Kindly thanks to Dr. A. De Backer for her revision of the 

manuscript. The study was supported by the Institute for Agricultural and Fisheries Research 

(ILVO) of Belgium and granted by the VLIR-UOS training and Master Scholarships.  

 

REFERENCES  

 
Allen, L.G. (1982). Seasonal abundance, composition and productivity of the littoral fish 
assemblage in upper Newport Bay, California. Fishery Bulletin 80, 769-790. 
 
Alverson D. L., Freeberg M. H., Pope J. G. and Murawski S. A. (1994). A global assessment of 

fisheries bycatch and discards. FAO Fisheries Technical Paper 339,1–233. 

Baldwin, N.S. (1957). Food consumption and growth of brown trout at different temperatures. 

Trans. Am. Fish. Soc. 86, 323-328. 

Brewer, D.T., Blaber, S.J.M. and Salini, J.P. (1989). Feeding biology of Caranx 

bucculentus Alleyne and Macleay (Teleostei: Carangidae) in Albatross Bay, Gulf of Carpentaria, 

with special reference to predation on penaeid prawns. Aust. J. Mar. Freshwat. Res. 40(6), 657-

668. 

Browman H. I., Cury P. M., Hilborn R., Jennings S., Lotze H. K., Mace P. M., Murawski S., Pauly 

D., Sissenwine M., Konstantinos I. Stergiou K. I. and Zeller D. (2004). Perspectives on 

ecosystem-based approaches to the management of marine resources. Marine Ecology 

Progress Series 274, 269–303. 

Cervigón, F. (1993). Los peces marinos de Venezuela. Volumen 2. Fundación Científica Los 

Roques, Caracas,Venezuela. 497 p. 

Chao, L.N. (1978). Sciaenidae. FAO species identification sheets for fishery purposes. West 

Atlantic (Fishing Area 31). W. Fischer (ed.) Volume 4. FAO, Rome. 

Clark, K. R. (1993). Non-parametric multivariate analysis of changes in community structure. 

Australian Journal of Ecology 18, 117-143. 

Clark, K. R. and Gorley, R. N. (2006). Primer v6: user manual/tutorial primer-e. plymouth,UK.  
 



 
Quilez, I. (2014). The importance of the Atlantic seabob shrimp  Xiphopenaeus kroyeri as a food source 

for demersal fishes in the coastal waters of Suriname 

31 

 

Constance D. H. and Bonanno A. (2000). Regulating the global fisheries: the World Wildlife 

Fund, Unilever, and the Marine Stewardship Council. Agric. Human Values 17, 125–139. 

 

Dall, W  (1900). Advances in Marine Biology. Elsevier Science, Academic Press. Vol. 27 Biology 

of the penaeidae family, 504.  

Eayrs, S. (2007). A Guide to Bycatch Reduction in Tropical Shrimp-Trawl Fisheries. Revised 
edition. FAO. 108 p. 
 
Ekau, W. and Knoppers B. (2003). A review and redefinition of the large marine ecosystems of 

Brazil. In: K. Sherman and G. Hempel (eds.). Large Marine Ecosystems of the World: Trends in 

Exploitation, Protection and Research. Elsevier Science. Amsterdam. 

 

Froese, R., Thorson, J. and Reyes, Jr.R.B. (2013). A Bayesian approach for estimating length-

weight relationships in fishes. J. Appl. Ichthyol. 1-7. 

 
Frame,D.W.(1974). Feeding habits of young winter flounder (Pseudopleuronectus americanus): 
prey availability and diversity. Trans. Am. Fish. Soc. 103,26 1-269.  
 
Freire, F. A. M., Luchiari A.C. and Fransozo V. (2011). Environmental substrate selection and 
daily habitual activity in Xiphopenaeus kroyeri shrimp (Heller, 1862) (Crustacea: Penaeioidea). 
Indian Journal of Geo-Marine Science Vol. 40(3), 325-330. 
 
Garcia S. M., Zerbi A., Aliaume C., Do Chi T. and Lasserre G. (2003). The ecosystem approach to 
fisheries. Issues, terminology, principles, institutional foundations, implementation and 
outlook. FAO Fisheries Technical Paper 443, 71 pp. 
 
Gibson, R. N., L. Pihl M.T. Burrows, J. Modin, H. Wennhage and L.A. Nickell (1998). Diel 
movements of juvenile plaice Pleuronectes platessa in relation to predators, competitors, food 
availability and abiotic factors on a microtidal nursery ground. Marine Ecology Progress Series 
165, 145-159. 
 
Gillett R. (2008). Global study of shrimp fisheries. Rome, FAO. 
 
Grubbs, R.D. & Ha, D.S. (2006). Gymnura micrura. The IUCN Red List of Threatened Species.  

Version 2014.2. <www.iucnredlist.org>. 

 
Hall, S. J. and Mainprize, B.M. (2005). Managing by-catch and discards: how much progress are 
we making and how can we do better? Fish and Fisheries 6,134–55. 
 
Handeland, S.O., Imsalnd, A.K.; Stefansson, S.O. (2008). The effect of temperature and fish size 

on growth, feed intake, food conversion efficiency and stomach evacuation rate of Atlantic 

salmon post-smolts. Aquaculture 283 , 36-42. 

Hertwich, E. G. (2005). Consumption and industrial ecology. Journal of Industrial Ecology 9, 1-6. 
Leisinger K, Schmitt KM, and Pandya-Lorch R. (2002). Six billion and counting: population and 
food security in the 21st century. Washington, DC: International Food Policy Research 
Institute. 

http://www.google.be/search?hl=es&tbo=p&tbm=bks&q=inauthor:%22W.+Dall%22&source=gbs_metadata_r&cad=6
http://www.iucnredlist.org/


 
Quilez, I. (2014). The importance of the Atlantic seabob shrimp  Xiphopenaeus kroyeri as a food source 

for demersal fishes in the coastal waters of Suriname 

32 

 

 
Hobson, E.S. and Chess, J.R.  (1986). Relationships among fishes and their prey in a near-shore 

sand community off southern California. Environ. Biol. Fish. 17, 201-226. 

Hyndes, G.A., Platell, M.E. and Potter, I.C. (1997). Relationships between diet and body size, 

mouth morphology, habitat and movements of six sillaginid species in coastal Waters: 

implications for resource partitioning. Marine Biology 28, 585-598. 

Hyslop, E.J. (1980). Stomach contents analysis - a review of methods and their application.  

Journal of Fish Biology 17, 411-429. 

Hureau, J.C. (1970). Biologie comparée de quelques poissons antarctiques (nototheniidae). 
Bull. Inst. Océanogr. Monaco 68, 1–224.  
 
Idyll, C.P. (1950). The commercial shrimp industry of Florida. Educ.Ser.Fla.State Board Conserv., 
(6), 31. 
 
Jobling, M., Gwyther, D., Grove, D.J. (1977). Some effects of temperature, meal size and body 
weight on gastric evacuation time in the dab Limanda limanda (L). J. Fish. Biol. 10, 291-298. 
 
Keith, P., Le Bail, P.Y. and Planquette, P. (2000). Atlas des poissons d'eau douce de Guyane. 
Tome 2, Fascicule I: Batrachoidiformes, Mugiliformes, Beloniformes, Cyprinodontiformes, 
Synbranchiformes, Perciformes, Pleuronectiformes, Tetraodontiformes. Collection Patrimoines 
Naturels 43(I): 286p. Paris: Publications scientifiques du Muséum national d'Histoire naturelle. 
 
Kerkhove, T. (2014). Trophic ecology of the Atlantic seabob shrimp Xiphopenaeus kroyeri in 
Suriname: combining stomach content and stable isotope analyses. Unpublished master's 
thesis, Ghent University, 2014. 
 
Kruse, D.N. (1959). Parasites of the commercial shrimps Penaeus aztecus Ives, P. duorarum 

Burkenroad, and P. setiferus (Linnaeus). Tulane Stud. Zool. 7, 123-144. 

Le Guen, J.C. et Crosnier, A. (1968). Contribution à l'étude du rythme quotidien d'activité de la 
crevette P. duorarum (Crustacea, Decapoda, Natantia). Bull. Mus. Nat. Hist. Nat.,Paris 40(2), 
342–50 
 
Mansfield B. (2006).  Assessing market-based environmental policy using a case study of North 
Pacific fisheries. Global Env. Change 16, 29-39. 
 
Markus, H.C. (1932). The extent to which temperature changes influence food consumption in 
largemouth bass Huro floridana. Trans. Am. Fish. Soc. 62, 202-210.  
 
MSC Fishery Standard (2010): Principles and Criteria for Sustainable Fishing.  Marine 
Stewardship Council  8p. 
 
MSC status: program impacts factsheet (2011). Suriname Atlantic sea bob shrimp. 
 
Nash, R.D.M., R.S. Santos, A.J. Geffen, G. Hughes and T.R. Ellis (1994). Diel variability in catch 
rate of juvenile flatfish on two small nursery grounds (Port Erin Bay, Isle of Man and Porto Pim 
Bay, Faial, Azores). Journal of Fish Biology 44, 35-45. 



 
Quilez, I. (2014). The importance of the Atlantic seabob shrimp  Xiphopenaeus kroyeri as a food source 

for demersal fishes in the coastal waters of Suriname 

33 

 

 
Pauly, D and Palomares, M. (1987). Shrimp consumption by fish in Kuwait waters: a 
methodology, preliminary results and their implications for management and  research. Kuwait 
Bull. Mar. Sci. 9,101-125.  
 
Pinkas, L., Oliphant, M. S. and Iverson, I. L. (1971). Food habits of albacore, bluefin tuna, and 
bonito in california waters. Fish bull. 152, 1–105. 
 
Polito MJ, Trivelpiece WZ, Karnovsky NJ, Ng E, Patterson WP, et al. (2011). Integrating Stomach 
Content and Stable Isotope Analyses to Quantify the Diets of Pygoscelid Penguins. PLoS ONE 
6(10): e26642.  
 
Rosa, R.S. & Furtado, M. (2004). Dasyatis guttata. The IUCN Red List of Threatened Species. 
Version 2014.2. 
 
Ross, S.T. (1986). Resource partitioning in fish assemblages: a review of field studies. Copeia, 
352-388. 
 
Saunders, G.W. (1972). The trasnformation of artificial detritus in lake water. Mem. Ist. Ital. 
Idrobiol. Suppl. 29, 261-288. 
 
Shannon, C. E. (1948). A mathematical theory of communication. The Bell System Technical 

Journal 27, 379–423 and 623–656. 

 

Southall T., Pfeiffer N. and Singh-Renton S. (2011). MSC Sustainable Fisheries Certification. 

Public Certification Report-Suriname Atlantic Seabob shrimp. 

 

Stevens, J.D., Bonfil, R., Dulvy, N.K. and Walker, P.A. (2000). The effects of fishing on sharks, 

rays, and chimaeras (chondrichthyans), and the implications for marine ecosystems. – ICES 

Journal of Marine Science 57, 476–494. 

 

Werner, E.E. and Gilliam, J.F. (1984). The ontogenetic niche and species interactions in size-
structured populations. A Rev Ecol Syst 15, 393-425. 
 

Wessells, C.R., Cochrane, K., Deere, C., Wallis and P., Willmann, R. (2001). Product certification 

and ecolabelling for fisheries sustainability. FAO Fisheries Technical Paper 422, 83p. 

 
Willems, T. De Backer, A, Hostens, K. and Vincx, M. (in prep.) Demersal fish communities on 

the continental shelf of suriname.  

 
WWF, industries section website. http://www.worldwildlife.org/industries/tropical-shrimp 
 

 

 

 

http://www.worldwildlife.org/industries/tropical-shrimp

