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Executive summary 

The Atlantic seabob shrimp Xiphopenaeus kroyeri (Heller, 1862) (Crustacea: Penaeidea) occurs 

abundantly in the coastal waters of northern South America. In Suriname, the species became the 

most important shrimp resource for fisheries in recent decades and the fishery for X. kroyeri 

generates both income and employment for coastal inhabitants. However, the ecosystem 

consequences of removing large quantities of shrimp remain unclear. In order to implement a 

sustainable exploitation of the shrimp stock and apply an ecosystem approach to fisheries 

management, the role of X. kroyeri in the marine ecosystem and its trophic links have to be 

assessed. In the present study, the trophic ecology of X. kroyeri was determined using both stomach 

content and dual stable isotope (δ13C and δ15N) analyses. Early 2014, an inshore-offshore gradient 

was sampled to collect different life stages of X. kroyeri and potential food sources. Isotope analysis 

(δ13C and δ15N) was performed on different life stages of X. kroyeri and potential food sources. 

Stomach content analysis was performed on X. kroyeri from the largest size classes of the two most 

offshore stations (depth of 17 and 24 m). In total 20 prey items were encountered in the 60 

examined stomachs. A large part of the stomachs was filled with unidentifiable organic detritus, 

followed by copepods and the planktonic shrimp Lucifer faxoni. Multivariate analysis showed that a 

significant difference in diet existed between the two stations, mainly caused by a difference in 

number of copepods in the stomachs of shrimp from the two sampling depths. A Bayesian stable 

isotope mixing model was constructed with the δ13C and δ15N data of X. kroyeri and a selection of its 

potential food sources. This model revealed that a combination of sediment-associated organic 

matter sources, biofilm from intertidal mudflats and animal prey were important contributors to the 

diet of X. kroyeri. An ontogenetic diet shift between life stages was apparent with post-larvae and 

juveniles of X. kroyeri having a higher contribution of smaller prey like copepods and L. faxoni in 

their diet than adults, which were more dependent on larger prey including shrimps of the genus 

Acetes and polychaetes. Since a large part of the stomach content was made up of unidentified 

organic detritus, stable isotope analysis was complementary to stomach content analysis because it 

resolved the origin of this organic matter. Both techniques highlighted an omnivorous and 

opportunistic feeding behaviour of this abundant species in the coastal waters of Suriname. Fisheries 

management should consider the important role that X. kroyeri has in the benthic community and 

take into account the trophic linkages of offshore benthic communities with intertidal areas.  
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Abstract 

The diet and trophic ecology of the Atlantic seabob shrimp Xiphopenaeus kroyeri was studied using a 

combination of stomach content and dual stable isotope (δ13C and δ15N) analyses. This penaeid 

shrimp is abundant in the coastal waters of northern South America and is the most important 

shrimp resource for coastal fisheries in Suriname. Stomach content analysis revealed that X. kroyeri 

in Suriname fed on a combination of animal prey and unidentified organic detritus. Animal prey 

consisted mainly of copepods and the planktonic shrimp Lucifer faxoni. Based on a Bayesian stable 

isotope mixing model, the organic detritus could be identified as sediment-associated organic matter 

sources and biofilm from intertidal mudflats. Furthermore, an ontogenetic shift in diet was observed 

in X. kroyeri, with post-larvae and juveniles feeding on smaller prey than adults. Both stable isotope 

analysis and stomach content analysis showed the opportunistic feeding behaviour and omnivory of 

X. kroyeri in the coastal zone of Suriname. The results highlights the trophic link between intertidal 

and offshore marine ecosystems and the important role that this abundant species has in the 

benthic community in the coastal zone of Suriname. 

 

1. Introduction 

Currently, most marine fisheries can hardly be regarded as being sustainable. Fishing activities have 

severe impacts on the ecosystem and several commercial stocks are overfished or have collapsed 

(Hilborn et al. 2003). One of the main reasons for this is that most marine fisheries are managed 

under a single-species approach, in which the focus lies only on the species of interest. Since species 

are part of the ecosystem they are living in, managing the exploitation of these species has to be 

conducted in an ecosystem approach. The Ecosystem Approach to Fisheries (EAF) (Garcia et al. 2003) 

considers the target species as part of the ecosystem in which it lives, interacting with its habitat and 

other species. The goal of the EAF is to sustain fisheries while preserving healthy marine ecosystems 

(Garcia & Cochrane 2005). Management measures under the EAF include the protection of habitats 

by the installation of Marine Protected Areas (MPAs) (Rice et al. 2012), regulation of the fisheries by 

the imposition of multi-species catch quotas and fishing gear modifications to increase selectivity 

(Worm et al. 2009). However, for a full implementation of the EAF, more knowledge on ecosystem 

structures and processes is urgently needed in order to understand and predict the impact of human 

activities on the ecosystem and its components (Pikitch et al. 2004). 

In general, tropical shrimp fisheries are regarded as a prime example of non-sustainable fisheries, 

having a high environmental impact due to the use of fine-meshed bottom trawl nets. Negative 

effects of bottom trawling are well documented and include high levels of bycatch, disturbance of 

the seabed and severe impacts on the benthic community (Kaiser & Spencer 1996; Watling & Norse 

1998). In Suriname (South America) the Atlantic seabob shrimp Xiphopenaeus kroyeri (Heller, 1862) 

(Crustacea: Penaeidea) is now the most important shrimp resource since the collapse of the fishery 

for larger Penaeus species (FAO/FISHCODE 2000). Xiphopenaeus kroyeri is a widely distributed 

species in the Western Atlantic, ranging from the Carolinas (USA), through the Gulf of Mexico and 

the Caribbean Sea to southern Brazil. It generally occurs at depths down to 37 meters, although 

depths of 70 meters were also recorded (Holthuis 1980). The species typically occurs on sandy and 

muddy substrates in marine and brackish waters, with high abundances recorded in coastal zones in 
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the proximity of estuaries (Costa et al. 2007; Simoes et al. 2010). In Suriname, X. kroyeri is being 

harvested by a semi-industrial fleet of around 20 twin-rig outrigger trawlers and an artisanal fleet 

which uses Chinese seine nets in river estuaries. 

To avoid overexploitation of the X. kroyeri stock, as reported in Brazil (Castro et al. 2005; Almeida et 

al. 2012), and to reduce the negative impacts of the fishery activities, several management measures 

have been taken. These focused on the trawling fleet and include the application of Turtle Excluder 

Devices (TEDs) and Bycatch Reduction Devices (BRDs) to reduce or even cease the bycatch of turtles, 

rays and fish, a stock assessment and calculation of a harvest-control rule. Moreover, the fishery is 

restricted to the area between 10 and 15 fathoms depth (i.e. between 18.3 and 27.5 m), extending 

on average 20 km from the coast. This zonation is controlled by means of VMS (Vessel Monitoring 

System) installed on all trawlers (Southall et al. 2011). Thanks to these measures the Suriname X. 

kroyeri fishery has been certified with the MSC (Marine Stewardship Council) ecolabel since 2011. 

The ecosystem effect of removing large quantities of X. kroyeri remains however unclear. To assess 

this effect, the ecosystem role of the species should be better documented, as currently there are 

still several gaps in our knowledge on the ecology and trophic relationships of X. kroyeri (Southall et 

al. 2011). One part of unraveling the trophic role of X. kroyeri is determining its diet. The only two 

published studies on its diet were conducted in Colombia (Cortés & Criales 1990) and in Brazil 

(Branco 2005) and were based on stomach content analyses. They found that X. kroyeri fed on a 

wide array of food items, but organic detritus and small benthic organisms constituted the major 

part of its diet. Studies investigating the feeding ecology of X. kroyeri have hitherto not been 

performed in Suriname. 

Analysis of stomach contents is a traditional way to perform diet studies and can provide useful 

insights into the trophic relationships of a species. However it is only a dietary snapshot and 

conclusions can only be drawn from the presence of food items in the stomach. To include the 

integration of dietary items over a longer time, stomach content analysis can be combined with dual 

stable isotope analyses (δ13C and δ15N). In stable isotope analysis, isotopic signatures of consumers 

resemble the isotopic signatures of their dietary items following the principle ‘you are what you eat’ 

(DeNiro & Epstein 1976). The main advantage of stable isotope analysis is that it reflects the 

effective assimilation of carbon and nitrogen from the food sources by the consumer and thus 

provides insight in the contribution of different food sources over a longer timeframe (Feuchtmayr & 

Grey 2003). Furthermore, the use of stable isotopes (in particular nitrogen isotopes) enables to 

determine the trophic position of species and to reconstruct food web interactions (Peterson & Fry 

1987; Boecklen et al. 2011). Combining stomach content and stable isotope analysis provides 

additional, complementary information and the conclusions drawn from this combined data can be 

regarded as much more reliable (Peterson 1999). Stable isotope analysis has been widely used to 

assess the diet of shrimps and to construct coastal food webs (Newell et al. 1995; Alfaro et al. 2006; 

Winemiller et al. 2007; Yoshino et al. 2012) but to our knowledge stable isotope analysis has not 

been applied before to assess the trophic interactions of X. kroyeri. 

The present study determines the trophic ecology of X. kroyeri in the coastal waters of Suriname and 

identifies on what food sources this commercially important species relies. Hereto, a combination of 

stomach content and stable isotope analyses was carried out. Different depths were sampled to 

determine if the diet varies in space and different size classes of X. kroyeri were targeted to account 
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for ontogenetic diet shifts. The information gathered in this diet study provides a better insight in 

the trophic ecology of X. kroyeri in its specific habitats in Suriname. More specifically, the main food 

sources for the species are identified. The outcome of this study contributes to the scientific 

knowledge on the ecological requirements of the species in the study site, which is pivotal 

information for the management of the fishery under the objectives of the EAF. 

 

2. Material and methods 

2.1 Study area 

The study was conducted on the continental shelf of Suriname, South America, which is part of the 

Guianan ecoregion (Spalding et al. 2007) (Figure 1). This coastal area is characterized by extensive 

intertidal mudflats, a gently sloping continental shelf and is under great influence of the Guiana 

Current which brings low-salinity and high-nutrient waters originating from the Amazon river 

(Artigas et al. 2003). Furthermore, seven rivers discharge into the coastal zone of Suriname, of which 

the Suriname River, Corantijn River and Marowijne River are the largest. The sampling took place at 

four stations of different depth: the inshore station TK03 (6°01’36” N, 55°12’40”W; depth: 3 m), the 

two midshore stations TK10 (6°09’40” N, 55°12’40”W; depth: 10 m) and TK17 (6°14’00” N, 

55°12’40”W; depth: 17 m) and the offshore station TK24 (6°18’08” N, 55°12’40”W; depth: 24 m) 

(Figure 1). 

 
Figure 1. Northern South America with indication of the Guianan ecoregion, square delineates the study area. Inset: 
sampling stations (triangles) in the coastal zone of Suriname. 
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2.2 Sampling design and collection 

Sampling took place on 28th-29th of January and on 23rd-24th of February 2014, onboard of the 

“Neptune-6”, a fishing vessel operating in the seabob trawling fleet. The samples were taken in the 

outflow plume of the Suriname River, along an inshore-offshore gradient to target different life 

stages of X. kroyeri. In both sampling campaigns, the four stations were sampled for X. kroyeri and its 

potential food sources, including macrobenthos, hyperbenthos, zooplankton, phytoplankton/ 

suspended particulate organic matter (sPOM) and sediment organic matter (SOM). 

Adults and juveniles of X. kroyeri were collected using a “try-net”, a small otter trawl with an 

horizontal opening of circa 2 m. Three size classes were distinguished for X. kroyeri: small (carapace 

length (CL) < 17 mm, medium (CL: 17 - 23 mm) and large (CL > 23 mm). Three to six individuals of 

each size class were immediately stored in a freezer at -20°C. All remaining X. kroyeri individuals 

were stored in 4% formaldehyde solution for later stomach content analysis. Post-larvae of X. kroyeri 

have a hyperbenthic mode of life (Lins-Oliveira 1991) and were collected together with hyperbenthic 

food sources by hauling a hyperbenthos sledge with a mesh size of 1 mm for five minutes. For the 

collection of sediment organic matter, the upper first centimeter of the sediment that was collected 

with a Van Veen grab was scraped off. Afterwards the remaining sediment was rinsed on a 1 mm 

sieve to collect macrobenthic organisms. Sediment organic matter as well as the retained organisms 

were immediately frozen (-20°C). A Niskin bottle was used to collect seawater from 5 m depth (or 

less in the inshore station). Per station, three replicate samples of 2 L each were stored on ice 

onboard. Zooplankton was collected using a small zooplankton net in the upper water column and 

subsequently frozen at -20°C. 

Physical parameters were recorded by means of a CTD cast and the measurement of the Secchi 

depth, which is a proxy for phytoplankton and particle concentration. A sediment sample was also 

taken from the Van Veen sample by means of a core (ø 35 mm) for later grain size analysis. 

To account for freshwater and terrestrial sources of nutrition for X. kroyeri, river water from the 

Suriname River was collected on the 10th of March at the village of Brokopondo (5°03’27”N, 

54°58’26” W), more than hundred kilometers inshore from the mouth of the Suriname River, away 

from any marine influence. Three replicate samples were taken at approximately 1 m depth with a 2 

L bottle and stored in a fridge before further processing. On the 11th of March 2014, two additional 

potential food sources were collected on a coastal mudflat adjacent to a mangrove forest at “Weg 

Naar Zee” (5°54’34”N, 55°14’24” W) (Fout! Verwijzingsbron niet gevonden.), near the mouth of 

Suriname River. Mangrove detritus was sampled by scraping the upper layer of mud away to reveal 

the decomposing mangrove leaf litter, which was consequently collected. Benthic biofilm was 

collected by gently scraping off the upper first centimeter of the sediment with a spoon. 

River and seawater collected in the field was immediately processed upon arrival in the laboratory. 

First it was sieved on a 250 μm sieve to remove zooplankton, after which up to 750 ml was filtered 

on ø 25 mm Whatman GF/F glass microfibre filters. The filters with the retained material were 

wrapped in aluminum foil and stored in a freezer at -20°C. 
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2.3 Sample processing for stable isotope analysis 

In the laboratory the hyperbenthic samples were thawed and sorted into taxonomic groups. 

Xiphopenaeus kroyeri post-larvae present in the hyperbenthos were identified using the key of Cook 

(1966) and the observations of Lins-Oliveira and Lhomme (1993). After sorting, the following 

potential food sources were retained for stable isotope analysis: hyperbenthic amphipods, 

hyperbenthic copepods, chaetognaths, brachyuran zoeae, fish larvae, Acetes sp. and Lucifer faxoni. 

The latter two were distinguished at the species and genus level, respectively, since they were found 

in such large numbers. After identification, X. kroyeri post-larvae were immediately beheaded, the 

exoskeleton of the abdomen was peeled off and the digestive tract removed. Acetes individuals 

were processed in the same way. For the other groups, peeling was impossible due to small sizes 

and only the gut content was, where possible, removed by dissection. All organisms were thoroughly 

rinsed with deionized water before placing them in an oven to dry for at least 24h at 60°C and 

subsequently stored in a dessicator. Potential macrobenthic food sources (sipunculids, polychaetes, 

bivalves, macrobenthic amphipods and brachyurans) were processed in a similar way. 

The sediment organic matter was thawed and rinsed with deionized water and after sediment 

settlement the superfluous water was carefully removed. Next, the sediment organic matter was put 

in an oven to dry for at least 24 hours at 60°C before being homogenised with a mortar and pestle 

and stored in a dessicator. Decomposing mangrove leaf litter was processed similarly, but was 

washed on a 250 μm sieve to remove sediments. 

The procedure for the extraction of the benthic microalgae followed an adapted method proposed 

by Couch (1989). The collected sediment with biofilm was placed into a plastic tray, evenly spread 

out and sprayed with seawater from the sampling location. Instead of covering the sediment with a 

nylon screen and dune sand, lens tissue and microscopic slides were used (De Troch, pers. comm.). A 

light attracted the benthic microalgae and they migrated through the lens tissue and adhered 

themselves to the microscopic slides. After 24h, the microscopic slides were gently removed and the 

benthic microalgae were extracted by washing the side of the microscopic plates with the benthic 

microalgae with deionized water which was then filtered on Whatman GF/F glass fibre filters. The 

filters were rinsed gently in deionized water. Checking the filters under a binocular revealed that 

some meiobenthic organisms like nematodes and copepods were also attached to the filters, but the 

majority of organisms present were pennate diatoms. Because of the presence of different kinds of 

organisms on the filters, the term biofilm will be used further instead of benthic microalgae. The 

filters were then dried in an oven at 60°C for at least 24h before storing them in a dessicator. 

Finally, the dry samples were prepared for stable isotope analysis. Since soft tissues, like the peeled 

muscle tissue of the shrimps, are free of carbonates (Mateo et al. 2008), acidification was not 

applied to them. For other organisms, like brachyurans and L. faxoni the ‘champagne test’ was 

carried out (Jaschinski et al. 2008). Eventually, acidification was performed on the brachyurans and 

the brachyuran zoeae by carefully dropping diluted HCl (4%) on them until the bubbling ceased. 

Since in sediments inorganic carbon can be present, they should be removed (Carabel et al. 2006; 

Fernandes & Krull 2008). Therefore the sediment organic matter was acidified in the same way as for 

the brachyurans. For the decomposing mangrove leaf litter, the same treatment was performed to 

remove any remains of inorganic carbon. Because the litter was sieved before, few carbonates 

should be present and this was confirmed by a lack of significant bubbling. The filters with riverine 
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and marine phytoplankton/sPOM were also acidified in order to remove the inorganic carbonates 

present (Lorrain et al. 2003). Before acidification, the filters were rinsed in deionized water and then 

placed in a closed box. Concentrated HCl (40%) was placed inside the box in order to let the HCl 

fumes dissolve the carbonates. After 5 hours, the filters were taken out, dried in an oven for 24h at 

60°C and stored in a dessicator. 

For X. kroyeri and Acetes, muscle tissue from three to six individuals were pooled and grounded with 

mortar and pestle. For the other animal samples, whole animals were selected. Of each animal 

sample, a specifically weighed amount (see further), based on their theoretical % C and % N values, 

was placed into a tin capsule (8 x 5 mm, Elemental Microanalysis, Okehampton, UK). For most 

animal samples this corresponded with circa 1.5 mg material. The acidified animal samples were 

placed into a silver capsule since HCl damages the tin capsules (Mateo et al. 2008). For mangrove 

leaf litter, 3.8 mg material was used and for sediment 55-60 mg. Mangrove leaf litter, sediment and 

the filters were also placed into silver capsules. For each sample three replicates were taken. The 

capsules were folded tightly, placed in a multiwell plate and send to the UC Davis Stable Isotope 

Facility (University of California, USA). The stable isotope ratios (δ13C and δ15N) were measured with 

an elemental analyzer coupled with a PDZ Europa 20-20 isotope ratio mass spectrometer (Sercon 

Ltd., Cheshire, UK). Stable isotope ratios are expressed as δ values where δX = (Rsample/Rstandard – 1) x 

1000 with X = 13C or 15N and R = 13C/12C or 15N/14N. Standard reference materials are carbon in the 

Vienna Pee Dee Belemnite and atmospheric nitrogen (Peterson & Fry 1987) for C and N 

measurements, respectively. 

 

2.4 Stomach content analysis 

In the laboratory the carapace length, sex and maturity stage (juvenile/adult) of each individual of X. 

kroyeri was determined. Males were regarded as mature when the petasma are joined together 

(Fransozo et al. 2011) and the maturity stage of females was determined based on a chromatic scale 

(Campos et al. 2009). The removal of the stomach was done by a laterodorsal cut in the carapace. 

Stomach-cleared shrimps and stomachs were dipped on tissue paper to remove surface water and 

weighed on a precision balance (0.0001 g) to determine the wet weight (Hyslop 1980). Afterwards, 

stomachs were preserved in 70% alcohol before further analysis. For the analysis of the stomach 

content, each stomach was emptied with a longitudinal dissection and its content suspended in a 

Petri dish filled with 10 ml distilled water. Stomach fullness (1/4 full, 1/2 full, 3/4 full and full) was 

estimated. The items in the stomach content were identified to the lowest taxonomic level possible, 

however several items could only be classified at higher taxonomic level due to the gastric mill that 

crushes food items into fragments, therefore hampering their low-level taxonomic identification 

(Cortés & Criales 1990; Felgenhauer 1992). 
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For each prey item a number of indices (Hyslop 1980) was calculated. The frequency of occurrence 

(FOἱ) was calculated as FOἱ = (nἱ/n) x 100 with nἱ the number of shrimps where food item ἱ was found 

and n the total number of analyzed shrimps (Williams 1981; Lima-Junior & Goitein 2001). Shrimps 

with empty stomachs were not used. The Points Method is a volumetric method that was used to 

estimate the contribution of each prey item to the total volume in each stomach (Hynes 1950; 

Williams 1981). Each prey item was allocated with 1, 2, 4, 8 or 16 points based on the volume they 

occupy in the stomach, with the prey item occupying the greatest volume given 16 points. Based on 

the number of points each item was given, a volumetric index (Vἱ) was calculated as Vἱ = (number of 

points given to a particular prey item ἱ / total number of points allocated to the sample) x 100 with ἱ 

a particular prey item. A numerical index was calculated as Nἱ = (number of individuals of each prey 

item over all the stomachs / total number of individuals of all prey items over all stomachs) x 100 

with ἱ a particular prey item. This index could not be calculated for all the prey items since 

quantification, i.e. counts of separated units, was not always possible. 

The dietary coefficient (Q’ = % V x % N) is an adaptation of Hureau’s Q as used by Leclerc et al. 

(2014) and categorizes the prey in three classes: preferential (Q’ > 200), secondary (200 > Q’ > 20) 

and accidental (Q’ < 20). The index of relative importance (IRI) was calculated as IRI = (% N + % V) x % 

FO (Pinkas et al. 1971) and gives, just as Q’, an indication of the importance of each prey in the diet. 

Q’ and IRI could only be calculated for prey items where the numerical index was calculated. 

The fullness index (FI) is a gravimetric method that expresses the fullness of a stomach. It is 

calculated as FI = (wet weight of full stomach / wet weight of dissected shrimp) x 100 (adapted from 

Hyslop 1980). 

 

2.5 Data analysis 

Multivariate analysis was carried out by non-metric multidimensional scaling (MDS) on numerical 

data of the prey items in the stomachs. Prey items where no abundance data was available were 

given the value 1 for presence and 0 for absence in order to have them included into the analysis. 

Prior to analysis, a square root transformation on the data was carried out to remove the 

disproportionate influence of items with high abundances and a resemblance matrix was 

constructed using the Bray-Curtis similarity coefficient. Analysis of similarity (ANOSIM) was used to 

test for significant differences between factors including stations (TK17 and TK24), size classes 

(small, medium and large), maturity (juvenile and adult), sex (male and female) and stomach fullness 

(1/4 full, 1/2 full, 3/4 full and full). The contribution of the items to the dissimilarity between the 

levels of the significant factors was tested with a SIMPER analysis. All statistical analyses on stomach 

content data were conducted with the software program PRIMER 6 (Plymouth Routines in 

Multivariate Ecological Research), version 6.1.12 (Clarke & Gorley 2006). 

Significant differences in δ13C and δ15N values between consumers (samples of X. kroyeri) and 

between sources were tested with a one-way ANOVA using the software program R. In case 

assumptions for parametric tests were not met (homoscedasticy with Levene’s test (center value = 

mean) and normality with Shapiro-Wilk test), the non-parametric Kruskal-Wallis test was used. 
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A Bayesian stable isotope mixing model (Parnell et al. 2010) was constructed in R using the SIAR 

package (Stable Isotope Analysis in R) (Inger et al. 2010). Because the number of sources was much 

higher than the number of isotopes, a selection of sources was made in order to get a reliable and 

meaningful SIAR outcome (Fry 2013). Based on the δ13C and δ15N biplot, an a priori selection of the 

sources was made. Furthermore, food sources were also combined into groups based on similar δ13C 

and δ15N signatures. Attention was given to not combine sources which were functionally distinct 

(Phillips et al. 2005). For the isotope mixing model fractionation values of 1.3 ± 0.30 ‰ for δ13C and 

2.9 ± 0.32 ‰ for δ15N were used (McCutchan et al. 2003) rather than the generally accepted values 

of 0.4 ± 1.3 ‰ for δ13C and 3.4 ± 1 ‰ for δ15N (Post 2002). 

 

3. Results 

3.1 Environmental characterisation of the study site 

The sampling stations were situated along an inshore-offshore gradient in the outflow plume of the 

Suriname River. The Secchi depth, temperature, salinity and bottom depth varied along this gradient 

(see Table 1). Average grain size could not been determined for this study but % mud (grain size < 63 

μm) and % organic carbon in the sediment were available from a sampling campaign in 2012 in the 

framework of the PhD research of T. Willems, in which similar stations were sampled (Table 1). 

Table 1. Environmental characterization of the four sampling stations along an inshore-offshore gradient in the outflow 
plume of the Suriname River. Data on mud percentage and organic carbon percentage of the sediment were taken from a 
previous sampling campaign. 

Station Depth 
(m) 

Secchi 
depth (m) 

Temperature at 
5 m depth (°C) 

Bottom depth 
temperature (°C) 

Salinity at 5 m 
depth (PSU) 

Bottom depth 
salinity (PSU) 

Mud % Organic 
carbon % 

TK03 5 0.2 26.2 26.2 32.9 32.9 99.0 1.1 
TK10 10 0.7 26.1 24.8 34.7 36.3 99.9 1.1 
TK17 17 1.0 25.9 24.7 34.8 36.4 98.9 1.1 
TK24 24 208 25.5 24.5 35.4 36.4 76.9 1.0 

 

3.2 Stomach content analysis 

Sixty stomachs were analyzed, 25 from station TK17 and 35 from station TK24. Respectively two and 

one stomachs were empty (5.0 %) and were not considered in the further analyses. At station TK17, 

only the medium size class (17 < CL < 23 mm) was available for analysis. At station TK24, the three 

size classes were present, and stomach content was assessed in 10 individuals of the small size class 

(CL < 17 mm), 14 of the medium size class and 10 of the large size class (CL > 23 mm). 
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Individuals from station TK17 had a mean 

fullness index of 1.1 ± 0.06 whereas individuals 

from station TK24 had a mean fullness index of 

0.9 ± 0.04 (Figure 2). The fullness index differed 

significantly between both stations (one-way 

ANOVA, F-value: 9.04, p = 0.0039). In total 20 

prey items were encountered in the analyzed 

stomachs (Table 2). Organic detritus was present 

in every stomach. This also included digested 

food items without any identifiable structures. 

Fragmented crustaceans could often not be 

further identified and were grouped as 

‘unidentified crustaceans’. Unidentified crustaceans (FO: 91.2 %), sand/sediment (FO: 71.9 %), 

Copepoda (FO: 68.4 %) and the planktonic shrimp Lucifer faxoni (FO: 50.9 %) were present in more 

than half of the analyzed stomachs. Other items in the stomach that were relatively common 

included spicules (FO: 43.9 %), Bacillariophyceae (diatoms) (FO: 15.8 %), Foraminifera (FO: 15.8 %), 

Ostracoda (FO: 12.3 %) and Bivalvia (FO: 10.5 %). In more than one fourth (FO: 26.3 %) of the 

stomachs plastic fibres were encountered. 

 
Table 2. Items identified from 60 stomachs of Xiphopenaeus kroyeri. Frequency of occurrence (FO), volumetric index (V) 
and numerical index (N) are expressed in percentages. Q’ is the dietary coefficient and IRI the index of relative importance. 
NA indicates that quantification was not possible. 

 Taxa FO (%) V (%) N (%) Q’ IRI 

Crustacea       
 Ostracoda 12.3 0.6 2.3 1.4 35.4 
 Copepoda 68.4 5.1 65.5 332.5 4831.4 
 Amphipoda 3.5 0.2 0.5 0.1 2.2 
 Mysida/mysis larvae 3.5 0.2 0.5 0.1 2.2 
 Brachyura zoeae larvae 1.8 0.1 0.2 0.0 0.6 
 Acetes sp. 3.5 0.3 0.5 0.1 2.5 
 Lucifer faxoni 50.9 6.3 15.5 97.1 1108.6 
 Xiphopenaeus kroyeri (post-larvae) 1.8 0.1 0.2 0.0 0.6 
 Unidentified Crustacea (fragments) 91.2 19.7 NA NA NA 
Bivalvia  10.5 0.5 1.6 0.9 22.3 
Polychaeta  5.3 0.5 NA NA NA 
Foraminifera  15.8 0.8 5.6 4.6 101.8 
Bacillariophyceae  15.8 0.8 NA NA NA 
Radiozoa  1.8 0.1 0.2 0.0 0.6 
Pisces  3.5 0.2 0.5 0.1 2.2 
Spicules   43.9 2.3 NA NA NA 
Vegetable matter  3.5 0.2 NA NA NA 
Organic detritus  100.0 54.3 NA NA NA 
Sand/sediment  71.9 6.5 NA NA NA 
Plastic fibres  26.3 1.4 7.0 9.5 219.5 

 

Volumetric estimates of the prey items were dominated by organic detritus (54.3 Vol. %), followed 

by unidentified Crustacea (19.7 Vol. %), sand/sediment (6.5 Vol. %), L. faxoni (6.3 Vol. %) and 

Copepoda (5.1 Vol. %) (Figure 3). From the quantifiable items, Copepoda had the highest numerical 

index (65.5 %). According to the dietary coefficient, Copepoda were found to be the preferred prey 

(Q’ = 332.5) and L. faxoni as a secondary prey (Q’ = 97.1). All other items could be regarded as 

accidental prey items (Q’ < 20). The index of relative importance indicated also that Copepoda (IRI = 

4831.4) and L. faxoni (IRI = 1108.6) were the most important prey items of X. kroyeri (Table 2).  

Figure 2. Mean stomach fullness with standard error per 
station. 
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Figure 3. Volumetric estimates (in percentage) of items found in 60 stomachs of X. Kroyeri. Fourteen items present in low 
volumes (< 1.5 %) were grouped as ‘Others’. 

Multivariate analysis indicated that there was a small, significant difference in the diet of X. kroyeri 

between the stations TK17 and TK24 (ANOSIM, p = 0.0001, R = 0.229) (Figure 4A). The difference 

between the two stations is mainly caused by a difference in number of copepods (SIMPER, 

contribution of dissimilarity = 28.9 %) (Figure 4B) and to a lesser extent by different numbers of L. 

faxoni (SIMPER, contribution of dissimilarity = 14.2 %) (Table 3). The diet of X. kroyeri did not differ 

between size classes, sexes, maturity or stomach fullness levels. 

 
Figure 4. (A) MDS plot of prey densities identified from stomachs from Xiphopenaeus kroyeri. Blue triangles are stomachs 
from station TK17 and red triangles from station TK24. (B) MDS plot with bubble size representing copepod abundance. 
Position of stations is the same as in (A). Data were square-root transformed, resemblance matrix was based on Bray-Curtis 
similarity coefficient, MDS stress: 0.21. 
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Table 3. SIMPER results with indication of species contributions to the dissimilarity between the two stations. 
 Station TK17 Station TK24    

Item Average 
abundance 

Average 
abundance 

Average 
dissimilarity (± SD) 

% Contribution Cumulative 
percentage 

Copepoda 0.8 2.1 13.9 ± 1.2 28.9 28.9 
Lucifer faxoni 0.7 0.8 6.8 ± 1.1 14.2 43.1 
Spicules 0.3 0.6 4.4 ± 1.0 9.2 52.3 
Plastic fibres 0.2 0.5 4.2 ± 0.8 8.6 60.9 
Sand/sediment 0.7 0.8 3.6 ± 0.8 7.5 68.4 
Ostracoda 0.4 0.0 2.9 ± 0.6 6.1 74.5 
Foraminifera 0.0 0.4 2.7 ± 0.5 5.7 80.2 
Bacillariophyceae 0.3 0.1 23 ± 0.6 4.7 84.9 
Bivalvia 0.3 0.0 2.0 ± 0.6 4.1 89.0 
Unidentified Crustacea 1.0 0.9 1.4 ± 0.4 2.8 91.8 

 

3.3 Stable isotope analysis 

δ13C values of the sampled potential food sources ranged from -33.2 ± 0.2 ‰ in riverine sPOM to -

12.0 ± 0.2 ‰ in offshore SOM. δ15N values of these sources ranged from 1.6 ± 0.4 ‰ (inshore sPOM) 

to 9.9 ± 0.0 ‰ (polychaetes). The sources differed significantly for δ13C (Kruskal-Wallis; χ2 = 55.47, df 

= 19, p < 0.0001) as well as for δ15N (Kruskal-Wallis; χ2 = 57.31, df = 19, p < 0.0001). Consumer (i.e. X. 

kroyeri) δ13C values ranged from -16.0 ± 1.4 ‰ to -14.4 ± 0.0 ‰ and significant differences between 

consumers were found (Kruskal-Wallis; χ2 = 24.22, df = 8, p < 0.01). δ15N values of consumers ranged 

from 9.1 ± 0.5 ‰ to 10.9 ± 0.1 ‰ and significant differences between consumers were noted (one-

way ANOVA; F-value: 74.88, df: 8, p<0.0001) (Table 4, Fout! Verwijzingsbron niet gevonden.). The 

Tukey HSD post-hoc test showed that there was no significant difference in δ15N value between 

post-larvae, juveniles and the small size class, between the medium size class of TK17 and TK24 and 

between the medium size class of TK10 and TK24. All other pairwise comparisons were significantly 

different from each other (p<0.05). 
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Table 4. δ
13

C and δ
15

N (mean ± SD) values of X. kroyeri and its potential food sources in the coastal zone of Suriname. [C] % 
and [N] % (mean ± SD) are the elemental concentrations of respectively carbon and nitrogen. C:N (mean ± SD) is the carbon 
to nitrogen ratio. NA : elemental concentration not estimated, n: number of replicates. 

 δ13C (‰) δ15N (‰) [C] % [N] % C:N n 

Potential food sources       
Riverine sPOM -33.2 ± 0.2 3.8 ± 0.2 NA NA 8.5 ± 0.2 3 
Inshore sPOM -23.1 ± 0.6 1.6 ± 0.4 NA NA 5.3 ± 0.4 3 
Offshore sPOM -22.7 ± 0.0 2.9 ± 0.8 NA NA 5.2 ± 0.2 3 
Inshore SOM -23.6 ± 0.1 5.0 ± 0.1 0.7 ± 0.0 0.1 ± 0.0 6.7 ± 0.0 3 
Offshore SOM -12.0 ± 0.2 5.5 ± 0.0 1.2 ± 0.0 0.1 ± 0.0 10.2 ± 0.2 3 
Mangrove detritus -27.0 ± 0.1 3.3 ± 0.0 31.5 ± 3.1 1.1 ± 0.1 27.6 ± 0.5 3 
Biofilm -16.2 ± 0.1 6.5 ± 0.1 NA NA 7.6 ± 0.2 3 
Chaetognatha -16.9 ± 0.1 9.1 ± 0.1 39.8 ± 4.7 9.0 ± 1.0 4.4 ± 0.0 3 
Sipuncula -16.7 ± 1.3 8.7 ± 0.7 44.0 ± 8.2 12.4 ± 2.9 3.6 ± 0.2 3 
Polychaeta -17.4 ± 0.1 9.9 ± 0.0 39.1 ± 2.2 8.4 ± 0.4 4.6 ± 0.1 3 
Bivalvia -18.2 ± 0.6 7.7 ± 0.4 41.8 ± 3.6 9.1 ± 0.6 4.6 ± 0.2 3 
Pisces -17.2 ± 0.3 9.7 ± 0.2 46.1 ± 3.3 12.0 ± 0.9 3.8 ± 0.1 3 
Copepoda Hyperbenthos -19.0 ± 0.6 7.1 ± 0.4 36.7 ± 2.2 8.1 ± 0.7 4.5 ± 0.1 3 
Copepoda Zooplankton -18.3 ± 0.5 6.6 ± 0.6 NA NA 4.6 ± 0.2 4 
Amphipoda Hyperbenthos -17.2 ± 0.5 8.2 ± 0.7 29.6 ± 0.5 4.7 ± 0.4 6.4 ± 0.5 3 
Amphipoda Macrobenthos -17.7 ± 0.3 6.8 ± 0.1 33.9 ± 2.0 4.5 ± 0.0 7.6 ± 0.4 2 
Brachyuran zoeae larvae -18.0 ± 0.9 5.2 ± 1.2 30.3 ± 5.4 5.6 ± 1.2 5.5 ± 0.5 3 
Brachyura -17.4 ± 0.2 7.0 ± 0.2 18.8 ± 2.0 3.6 ± 0.3 5.1 ± 0.2 3 
Acetes sp. -16.3 ± 0.0 9.3 ± 0.0 45.6 ± 2.0 12.1 ± 0.6 3.8 ± 0.0 3 
Lucifer sp. -20.0 ± 0.6 5.8 ± 0.1 44.2 ± 3.3 6.1 ± 1.0 7.4 ± 0.7 3 
Consumers (X. kroyeri)       
X. kroyeri post-larvae small TK17 -15.8 ± 0.1 9.4 ± 0.1 46.5 ± 4.5 13.0 ± 1.3 3.6 ± 0.0 3 
X. kroyeri post-larvae large TK17 -15.5 ± 0.0 9.3 ± 0.2 44.2 ± 2.0 12.5 ± 0.6 3.5 ± 0.0 3 
X. kroyeri juvenile TK17 -16.0 ± 1.4 9.1 ± 0.5 39.7 ± 2.1 11.7 ± 0.6 3.4 ± 0.0 3 
X. kroyeri small TK24 -14.9 ± 0.0 9.5 ± 0.1 45.9 ± 4.1 14.2 ± 1.3 3.2 ± 0.0 3 
X. kroyeri medium TK03  -14.4 ± 0.0 9.8 ± 0.1 45.2 ± 3.3 14.3 ± 0.9 3.2 ± 0.0 3 
X. kroyeri medium TK10 -14.6 ± 0.1 10.1 ± 0.1 42.0 ± 1.8 13.2 ± 0.6 3.2 ± 0.0 3 
X. kroyeri medium TK17 -14.5 ± 0.1 10.5 ± 0.1 43.0 ± 3.1 13.5 ± 0.9 3.2 ± 0.0 3 
X. kroyeri medium TK24 -14.7 ± 0.1 10.4 ± 0.2 39.9 ± 7.4 12.2 ± 2.3 3.3 ± 0.0 3 
X. kroyeri large TK24 -14.8 ± 0.0 10.9 ± 0.1 43.2 ± 0.4 13.4 ± 0.1 3.2 ± 0.0 3 

 

 
Figure 5. Biplot of δ

13
C (‰) and δ

15
N (‰) values (mean ± SD) of potential food sources of Xiphopenaeus kroyeri. Groups 

refer to the groups used in the isotope mixing model. Groups that are made of only one source have no symbol. 
Xiphopenaeus kroyeri specimens are in the grey rectangle, see enlarged view in Fig. 6. 
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Figure 6. Biplot of δ

13
C (‰) and δ

15
N (‰) values (mean ± SD) of different size classes and life stages of Xiphopenaeus 

kroyeri. TK: station code. The two groups are the groups used in the isotope mixing model. 

Several isotope mixing models were constructed with SIAR. Riverine sPOM and mangrove detritus 

were removed because they were unlikely to contribute directly to the diet of X. kroyeri due to their 

very depleted δ13C values (see Fout! Verwijzingsbron niet gevonden.). Furthermore, sources were 

combined based on identity and isotopic signatures. As such, seven source groups were delimited: 

marine sPOM (inshore and offshore sPOM), inshore SOM, offshore SOM, biofilm, crustacean prey 

(copepods, L. faxoni, macrobenthic amphipods, brachyurans and brachyuran zoeae), intermediate 

prey (bivalvia, sipuncula and hyperbenthic amphipods) and predators (polychaetes, pisces, 

chaetognaths and Acetes sp.). Samples of X. kroyeri were separated into two groups (adult and post-

larvae/juvenile) based on their size and life stage which was also reflected in their δ15N values (Fout! 

Verwijzingsbron niet gevonden.). 

Inshore SOM and marine sPOM were found to have a very low contribution to the diet of X. kroyeri 

(sPOM: 0-6 % and inshore SOM: 0-8 % for adult X. kroyeri; sPOM: 0-2 % and inshore SOM: 0-2 % for 

post-larvae/juveniles). In order to better resolve the contribution of the other sources, a new model 

was constructed without these sources. 

For each source, the model yielded estimates of contribution to the diet of the two X. kroyeri groups 

in a 50, 75 and 95 % credibility interval. For adult X. kroyeri, the 50% credibility interval for the 

contribution of biofilm was 22-37 %, followed by predators (25-32 %), offshore SOM (16-21 %), 

intermediate prey (6-16 %) and crustacean prey (5-13 %). For post-larvae and juvenile X. kroyeri, 

crustacean prey had the largest contribution (31-43 %), followed by biofilm (21-41 %), offshore SOM 

(10-20 %), intermediate prey (0.9-10 %) and predators (0.4-5 %) (Fout! Verwijzingsbron niet 

gevonden.). 

 
 



Thomas Kerkhove  Trophic ecology of Xiphopenaeus kroyeri 

18 
 

 
Figure 7. Contribution of each food source to adult Xiphopenaeus kroyeri (A) and to post-larvae/juvenile X. kroyeri (B). 
White boxes: 95 % credibility intervals, light grey box: 75 % credibility intervals and dark grey boxes: 50 % credibility 
intervals. 

 

4. Discussion 

Stomach content analysis and δ13C and δ15N signatures indicated that X. kroyeri relied on a 

combination of animal prey and organic matter sources. Organic detritus was dominant in the 

stomachs, both in terms of frequency of occurrence as in volume percentage, but it was impossible 

to distinguish between digested animal prey and ingested organic matter. However, the high 

presence of sand and sediment in the stomachs could be an indication that organic matter in the 

sediment is selectively ingested since sand on itself will not be targeted as food source. Sand was 

encountered frequently in the stomachs of X. kroyeri in Brazil (Branco 2005) and the penaeid shrimp 

Penaeus merguiensis from Malaysia (Chong & Sasekumar 1981). The outcome of the isotope mixing 

model confirmed that organic matter sources like biofilm from intertidal areas and offshore SOM 

constituted an essential part of the diet of adults (combined contribution of 38-58 %) and post-

larvae/juveniles (combined contribution of 31-61 %) of X. kroyeri. The importance of biofilm was 

already highlighted for subtidal macrobenthic organisms in general (Alfaro et al. 2006; Yokoyama et 

al. 2009; Yoshino et al. 2012) and for penaeid shrimp species in particular (Newell et al. 1995; Abreu 

et al. 2007; Gatune et al. 2012). A marked difference existed in δ13C signatures between SOM of the 

inshore and the offshore station with inshore SOM being much more depleted. The isotope mixing 

model showed that inshore SOM contributed little to the diet of X. kroyeri. Based on the δ13C values 

and the location of the inshore station close to the coast and the mouth of the Suriname River, it can 

be argued that riverine sPOM and mangrove detritus contributed substantially to the SOM pool of 

the inshore station. 

Riverine sPOM and mangrove detritus were much depleted in δ13C in comparison with all the other 

sources so they were most likely to be of little or no importance as a carbon source for X. kroyeri. 

Several other studies confirmed that mangrove-derived organic matter is of little importance for 

penaeid shrimp species, even for penaeid post-larvae and juveniles living in mangrove estuaries 

itself (Primavera 1996; Loneragan et al. 1997; Schwamborn et al. 2002; Kieckbusch et al. 2004). On 

the other hand, Gatune et al. (2012) showed that penaeid post-larvae in mangrove forests in Kenya 

fed on the biofilm developing on decomposing mangrove litter. This can also be the case in 

Suriname, but from the present study this hypothesis cannot be tested since post-larvae in this study 

were not collected in mangrove zones but offshore at 17 m depth.  

Marine sPOM δ13C was relatively depleted with respect to the δ13C signal of X. kroyeri. Further, the 

δ15N signatures indicated that it was at least two trophic levels lower than X. kroyeri. From the 
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outcome of the mixing model it was also apparent that marine sPOM was of little importance to the 

diet of X. kroyeri. Based on the δ13C and δ15N data, marine sPOM was more likely to be of 

importance for primary consumers like L. faxoni, which is known to feed on phytoplankton and 

microzooplankton (Zimmerman 1973; Lee et al. 1992). 

Animal prey items in the stomachs covered a broad taxonomic range but especially crustacean prey 

were abundant, followed by spicules which were likely to be derived from Porifera (sponge) 

skeletons. Most animal sources in the isotope mixing model were crustaceans and were found to 

contribute to the diet of X. kroyeri, with a more important contribution in post-larvae/juveniles than 

in adults. Since not all the prey items found in the stomachs were represented in the stable isotope 

analysis (like foraminifers, ostracods and sponges), conclusions about those prey could only be 

based on stomach content analysis. According to the dietary coefficient Q’, ostracods, foraminifers 

and bivalves were classified as accidental prey. The mixing model also showed also that the group of 

which bivalves were part of had a low contribution to the diet of X. kroyeri. Probably these were 

accidentally ingested when feeding on sediment-associated organic matter occurred. Foraminifers, 

ostracods and sponges were not sampled for the stable isotope analysis so it is not possible to say if 

they have a significant contribution to the diet of X. kroyeri. The large fragmentation of prey items in 

the stomach by the gastric mill (Williams 1981) can cause that certain prey items are underestimated 

in the application of dietary indices. Given the high occurrences of sponge spicules (encountered in 

more than four out of ten stomachs), sponges were probably preyed on intentionally, but the dietary 

coefficient Q’ could not be applied since quantification of spicules was not performed. 

In the isotope mixing model, the so-called ‘predator group’ had a contribution of 25-32 % to the diet 

of adult X. kroyeri but only 0.36-4.5 % to that of the post-larvae/juveniles. The ‘predator group’ 

included polychaetes, Pisces, Acetes sp. and chaetognaths, of which only the latter was not observed 

in the stomachs. The other three taxa were organisms that were larger than the organisms of the 

‘crustacean prey group’. This could explain the low contribution in the post-larvae/juvenile group of 

X. kroyeri. Polychaetes, Pisces and Acetes sp. were however encountered only a few times in the 

stomachs. Branco (2005) assessed the diet of X. kroyeri using stomach content analyses and 

reported these three prey items from more than ten percent of the examined stomachs. 

Identification of crustacean prey was in many cases hampered by the fragmentation of the ingested 

individuals. Some fragments clearly belonged to crustacean exoskeletons (possibly including Acetes 

sp.) but could not be identified further and were hence classified as unidentified crustaceans. The 

same could be true for polychaetes, which had to be classified as organic detritus when they were 

already largely digested/fragmented. Another possibility was that Acetes sp. and polychaetes were 

simply not present in the stomachs at the time of sample collection. The time-integrated view that 

was obtained by stable isotope analysis showed nonetheless that Acetes sp. and polychaetes 

contributed to the diet of X. kroyeri. 

Prey species that were most abundant in the stomach were copepods and L. faxoni. No strict 

distinction was made between benthic (harpacticoid) and planktonic (calanoid and cyclopoid) 

copepods but the majority of the copepods in the stomachs were planktonic (based on observations 

on length of the antennules). The dietary coefficient Q’ classified copepods as preferential prey and 

L. faxoni as secondary prey. Lucifer faxoni is a pelagic species (Bowman & McCain 1967) but is 

associated with the substrate during the day (Woodmansee 1966), like species from the genus 

Acetes (Simoes et al. 2013). These two species were also encountered frequently in the 
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hyperbenthic samples that were collected for the stable isotope analysis in this study. The 

contribution of copepods, L. faxoni and Acetes sp. to the diet of X. kroyeri is an indication that the 

species is an active predator on hyperbenthic organisms. These hyperbenthic species were also 

found to be important prey of P. merguiensis collected in Malaysia (Chong & Sasekumar 1981). 

The difference in fullness index of individuals between the two stations could be explained by the 

different time of the day that X. kroyeri was sampled. In contrast with other penaeid shrimps, which 

mainly fed at the night, Simoes et al (2010) found in Brazil higher activity for X. kroyeri during the 

day. Our study confirmed this indirectly because the station with shrimps with a higher fullness 

index was sampled on a later time of the day than the station with shrimps with a lower fullness 

index, which was sampled in the morning. 

The significant difference found between the two stations (depths) in the multivariate analysis 

indicated that X. kroyeri is an opportunistic predator since the medium size class, which was present 

at both stations, did not differ significantly from the small and large size classes. The R statistic was 

however low, which indicated that the differences were not pronounced. The difference between 

both stations is likely caused by a difference in prey availability at these two different depths (17 and 

24 m). Future research should focus on other areas in the Guianan ecoregion to confirm this 

opportunistic feeding behaviour and should also incorporate difference in diet over time by sampling 

in different times of the year. 

Conclusions made on the adult shrimps were based on stomach content and stable isotope analyses 

but for post-larvae/juveniles conclusions were only possible from stable isotope analysis since 

stomach content analysis on them was practically impossible. A closer look at the δ13C and δ15N 

values of X. kroyeri samples showed that the post-larvae and juveniles occupied the same trophic 

level but had slightly different diets based on differences in δ13C signatures. The δ15N values showed 

that adult X. kroyeri occupied a higher trophic level than post-larvae/juveniles. The isotope mixing 

model clearly demonstrated that the group ‘predators’ was an important prey source for adult X. 

kroyeri but of negligible importance to post-larvae/juveniles. Adults did not differ much in δ13C 

signatures among each other but their δ15N signatures were different, reflecting a change in trophic 

level with large individuals occupying the highest trophic position. This suggested an ontogenetic 

shift in diet from post-larvae/juveniles feeding on smaller prey to adults consuming increasingly 

larger prey such as Acetes and polychaetes as they grow. For other penaeid shrimp species such an 

ontogenetic diet shift was also observed between larvae and post-larvae (Emmerson 1984) and 

between juveniles and adults (Chong & Sasekumar 1981). 

In more than one fourth of the stomachs plastic fibres were encountered. It is possible that 

microbial communities were developing on these fibres (Zettler et al. 2013) and it thus constituted 

an additional food source for X. kroyeri. A more likely explanation however is that the plastic fibres 

are accidentally ingested when the species fed on organic matter in the sediment. This mode of 

plastic ingestion has also been recorded in the decapod crustacean Nephrops norvegicus (Murray & 

Cowie 2011). The presence of plastic fibres in the stomachs of X. kroyeri is a reason for concern since 

chemicals present in plastic are known to affect the development and reproduction of crustaceans 

(Oehlmann et al. 2009) and can have potential effects on human health. 
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Knowledge on the trophic ecology of X. kroyeri is important to come to an ecosystem approach to 

fisheries of the species. It makes it possible to construct the coastal food web of which X. kroyeri is 

part of and this will help to guide fishery management decisions. The finding that biofilm from 

intertidal mudflats is a major contributor to the diet of X. kroyeri stresses the fact that not only the 

habitat where the species occurs has to be preserved but also the habitats with which it is 

trophically linked, like these intertidal areas. Moreover, the identity and the broad spectrum of prey 

items in the stomachs encountered in this study confirms that X. kroyeri exerts an important role in 

maintaining the structure and stability of benthic communities (Pires 1992). Given the high 

abundance of the species in the coastal waters of Suriname (Willems et al. in prep), this structuring 

role cannot be underestimated. 

A note on the sampling preparation and use of dietary indices. In the present study, a combination of 

stomach content analysis and stable isotope analysis was applied to study the trophic ecology of X. 

kroyeri. Both techniques were complementary and showed the generalistic feeding behaviour of X. 

kroyeri. As in any study, the conclusions should be viewed in accordance with the used methods. In 

ideal circumstances, samples for stable isotope analysis should be processed directly from fresh 

material to avoid any loss off volatile compounds (Feuchtmayr & Grey 2003). In this study this was 

not possible but samples were immediately stored frozen, which is regarded as the most suitable 

preservation technique for stable isotope samples (Bosley & Wainright 1999; Kaehler & Pakhomov 

2001; Barrow et al. 2008). Further, acidification prior to stable isotope analysis was applied in order 

to remove inorganic carbons from carbonates because it is highly enriched in 13C which can lead to 

misinterpretation of the δ13C signal in case they are not removed (Mateo et al. 2008). However, 

there is an increasing amount of evidence that the process of acidification also adversely affects δ15N 

values (Mazumder et al. 2010). Acidification is generally done for invertebrates with exoskeletons to 

remove carbonates (Carabel et al. 2006) but there is some evidence that not all exoskeletons of 

Arthropoda contain carbonates (Bosley & Wainright 1999; Mateo et al. 2008). In our study, 

exoskeletons were, where possible removed and some taxa like L. faxoni, brachyuran zoeae and 

adults were tested on carbonates with the ‘champagne test’. At least L. faxoni did not show any 

evidence to contain carbonates. The dietary indices used in this study such as the dietary coefficient 

Q’ and the index of relative importance IRI were useful to indicate which prey items were important 

but for several prey items these indices could not be calculated because quantification was not 

always possible. This limitation had to be taken into account when making conclusions based on the 

Q’ and IRI. 
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5. Conclusions 

The combination of stomach content and stable isotope analyses applied in this study resolved the 

main food sources of X. kroyeri. Stable isotope analysis highlighted the importance of sediment-

associated organic matter to the diet of the species and indicated a trophic link with intertidal 

mudflats. Furthermore, a clear ontogenetic shift in diet between post-larvae/juveniles and adults of 

X. kroyeri was documented. Stomach content analysis alone would be insufficient to assess the 

importance and origin of the organic matter sources. On the other hand, several prey items were 

found in the stomachs that had not been taken into account in the stable isotope analysis, 

demonstrating the advantage of the combined method used in the present study. Both techniques 

confirmed the opportunistic feeding behaviour and omnivory of this abundant benthic species. 

Fisheries management should consider the important role that X. kroyeri has in the benthic 

community and take into account the trophic linkages of offshore benthic communities with 

intertidal areas. 
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