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Abstract

Studies of fishes’ resource use reflect important ecological interactions, and 
provide insight into the structure of aquatic food webs. Individuals within species 
are often assumed to have an equivalent ecological role despite increasing evidence 
that among-individual variation in resource use within populations is common. 
Such intraspecific variation in resource use can be a result of ontogenetic-based diet 
shifts, differences in individual feeding behavior within age groups (i.e., individual 
specialization), and temporal variation in resource pools. We examined trophic 
interactions in schoolmaster, Lutjanus apodus (Walbaum, 1972), over multiple 
seasons and across size classes in a Bahamian wetland system. Using combined 
stable isotope and stomach content analyses, we found that, as with many other 
fishes, subadults fed at higher trophic levels than juveniles, likely because of a 
shift from feeding predominantly on lower trophic-level prey taxa (e.g., crabs) 
to higher trophic-level prey taxa (e.g., teleosts). Despite a considerable overlap in 
stable isotope values between subadults and juveniles, stable isotope and stomach 
content data suggest a switch from feeding predominantly within mangrove prop 
roots as juveniles to foraging increasingly in adjacent seagrass beds as subadults. 
Niche width and degree of individual dietary specialization varied among years, 
suggesting important levels of temporal variation. In sum, individual snapper do 
not use resources homogeneously, and we outline some of the factors, including 
predation risk, increase piscivory, and temporal differences in resource use, that 
underlie this variation.

Overfishing and habitat degradation have driven drastic declines in many coastal 
fish stocks (Jackson et al. 2001, Myers et al. 2007, Worm et al. 2009). These declines 
are of great concern given fishes’ economic and ecological importance in coastal 
ecosystems (Jackson et al. 2001, Hilborn et al. 2003). Understanding resource use 
of focal species can aid in documenting the wide ranging impacts that population 
declines may have on ecosystem function. For instance, severe declines of top preda-
tors on the east coast of the United States ultimately led to the widespread collapse of 
scallop populations (Myers et al. 2007). An understanding of such cascading impacts 
can be gleaned from the study of the underlying trophic relationships and resource 
use patterns of the focal organisms. 

In this context, fish populations are often treated as homogeneous units, despite 
increasing evidence that fishes exhibit great among individual variation in resource 
use (Bolnick et al. 2003, Chassot et al. 2008, Adams et al. 2009). Intrapopulation 
variation in resource use can be related to ontogenetic diet shifts (Polis 1984, Werner 
and Gilliam 1984), but also to differences in feeding behavior within certain life his-
tory stages (Bolnick et al. 2003, 2011, Araújo et al. 2011). For example, individual 
specialization, defined as a significantly smaller dietary niche of an individual than 
the population niche for reasons not attributable to its sex, body size, or age class, has 



BULLETIN OF MARINE SCIENCE. VOL 88, NO 2. 2012212

been identified in a number of diverse taxa (Ringler 1983, Magurran 1986, Schindler 
et al. 1997, Bolnick et al. 2003, Araújo et al. 2011). In addition, individuals may ex-
perience temporal differences in resource availability that may drive variation in re-
source use (Weliange and Amarasinghe 2003, Swanson et al. 2008, Hammerschlag 
et al. 2010). Such resource variation can influence community dynamics and eco-
system function, with important evolutionary, ecological, and conservation implica-
tions (Van Valen 1965, Roughgarden 1972, 1974, Schindler et al. 1997, Bolnick et al. 
2003, Filin and Ovadia 2007, Okuyama 2008, Byron and Link 2010).

In the present study, we investigated diet and feeding behavior of schoolmaster, 
Lutjanus apodus (Walbaum, 1972), an abundant coastal predator within a Bahamian 
wetland system, and examined various factors that may affect resource use within 
this population. Specifically, we investigated whether (1) diet changed through on-
togeny, (2) diet specialization was present within ontogenetic groups, and (3) sea-
son and year affected diet within and between ontogenetic groups. To address these 
questions, we employed stable isotope and stomach content analyses, two compli-
mentary methods used to characterize trophic relationships (Layman and Post 2008, 
Layman et al. 2012). 

Materials and Methods

Study Site and Species.—Jungle Creek (26°21́ 36˝N, 77°00´59˝W) is a mangrove domi-
nated tidal wetland, locally called a “tidal creek,” located on the east side of Abaco Island, The 
Bahamas. Jungle Creek is ~40 ha with a maximum low tide depth of ~1 m. The system has 
semi-diurnal tidal regime and mean daily tidal amplitude of ~0.8 m. There is little freshwater 
input to this system and thus it is marine-dominated throughout its extent. The most preva-
lent benthic habitat types are seagrass beds (primarily Thalassia testudinum Banks & Sol. ex 
K.D. König), submerged mangrove prop roots (predominantly Rhizophora mangle Linnaeus), 
and sand flats. 

Schoolmaster is a generalist fish predator in many nearshore ecosystems in the tropics 
and subtropics of the Atlantic (Allen 1985), and are locally abundant throughout Caribbean 
coastal ecosystems, likely playing an important ecological role (Nagelkerken et al. 2000, 
Valentine-Rose et al. 2007). Reproductively immature individuals mainly use mangroves 
and seagrass beds as nursery habitats, while adults often migrate to patch and coral reefs 
(Allen 1985). Immature individuals are one of the most abundant fishes in Bahamian tidal 
creeks, likely playing an important role in estuarine food webs (Valentine-Rose et al. 2007, 
2011, Hammerschlag-Peyer and Layman 2010), and potentially sustaining adult populations 
on nearby patch and coral reefs (Nagelkerken et al. 2000, Adams et al. 2006). 

Since the size range of schoolmaster in Jungle Creek does not include reproductively ma-
ture adults (> 250 mm fork length; Munro 1983), we a priori divided individuals into juveniles 
(< 125 mm standard length, SL; including age classes 1 and 2) and subadults (≥ 125 mm SL; 
including age classes 3–7 yrs) based on schoolmaster otolith readings (A Rypel, University of 
Alabama, unpubl data). Ideally, size categories for comparisons would be based on ecologi-
cally relevant divisions, e.g., based on year classes of individuals or based on a priori sizes at 
which gestalt diet shifts occur (Werner and Gilliam 1984). Such obvious divisions were not 
available in our case, so we chose a size division that would best balance sample sizes between 
groups (Fig. 1). We might not detect potential shifts in resource use within an arbitrary size 
class. This approach increased the power to identify overall differences among larger and 
smaller individuals, providing the foundation for more detailed size-based analyses.

Data Collection.—Schoolmaster were caught using baited hooks, fish traps, and cast 
nets during two consecutive wet (May–August) and dry seasons (December–February) from 
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2007 to 2009 (i.e., Wet 2007, Dry 2008, Wet 2008, Dry 2009). Sizes of individuals sampled 
in the present study were representative of the size structure of schoolmaster in these sys-
tems (Hammerschlag-Peyer and Layman 2010). Upon capture, each fish was anesthetized in 
a mixture of fresh seawater and clove oil (active ingredient: eugenol), a commonly used fish 
anesthetic (Cotter and Rodruck 2006). After measuring SL, non-lethal stomach regurgita-
tion was performed on each individual for gut content analysis following methods modified 
from Layman and Winemiller (2004). During stomach regurgitation, the entire stomach was 
inverted to ensure collection of all contents. After the procedure, each fish was immediately 
transferred to a cooler with fresh seawater for recovery and a small sample of the dorsal fin 
tissue (~1 cm2) was removed for stable isotope analysis. After ~15 min, individual fish were 
released at their capture location. Fifty individuals were sacrificed to verify the effectiveness 
of the regurgitation method; just 2% (n = 1) of the sacrificed individuals had additional stom-
ach contents remaining after regurgitation. Stomach contents were identified to the lowest 
taxonomic level possible, and the volume of each prey item was measured with a graduated 
cylinder. Fin clips were transported on ice to a field station, stored in a freezer, and later pro-
cessed at Florida International University.

All stable isotope values are reported in the δ notation where δ13C or δ15N = [(Rsample ⁄Rstandard) 
– 1] × 1000, and R is the 13C ⁄12C or 15N⁄14N ratio. We focused on δ15N and δ13C because each 
reveals a distinct aspect of the consumer’s long-term trophic niche. The δ15N values exhibit 
stepwise enrichment with trophic transfers, and can thus be used to estimate an organism’s 
trophic position relative to that of others in a food web (DeNiro and Epstein 1981, Minagawa 

Figure 1. Size-frequency distribution of individual schoolmaster (Lutjanus apodus) used in (A) 
stable isotope (n = 150) and (B) stomach content (n = 261) analyses. Dashed line indicates the 
separation between juveniles (< 125 mm standard length, SL) and subadults (≥ 125 mm SL). Size 
bins were: 50–74, 75–99, 100–124, 125–149, 150–174, 175–199, 200–224, 225–250 mm.
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and Wada 1984, Peterson and Fry 1987). The δ13C values vary substantially among primary 
producers with different photosynthetic pathways (e.g., C3 vs C4 plants), but changes little 
with trophic transfers, and can thus be used to infer sources of dietary carbon (Rounick and 
Winterbourn 1986, Peterson and Fry 1987, France and Peters 1997, Layman 2007).

Prey taxa identified in stomach content analysis were collected in Jungle Creek using dip 
and cast nets during 2008 and 2009. At least three individuals of each prey item were sampled. 
Each prey organism was dried at 60°C for a minimum of 48 hrs and its dry weight measured. 
For stable isotope analysis, we used the whole organism for prey taxa and the fin tissue of 
schoolmaster. δ13C and δ15N of schoolmaster fin and muscle tissue are highly correlated with-
in individuals (δ13C fin = 1.06 × δ13C muscle + 2.84, R2 = 0.97; and δ15N fin = 1.13 × δ15N muscle 
– 1.8, R2 = 0.82, n = 23 individuals; Appendix 1). For shrimps and crabs, separate analyses 
were performed for δ13C and δ15N, with samples for δ13C first acidified to remove inorganic 
carbon following Kolasinski et al. (2008). Stable isotope preparation of prey and fin tissues 
was based on Post et al. (2007) and the analysis was conducted at the Yale Earth System 
Center for Stable Isotopic Studies (ESCSIS). Internal standards used were trout muscle with a 
precision (SD) of 0.14‰ for δ13C and 0.22‰ for δ15N values.

Data Analysis.—We first applied stable isotope analysis to examine shifts in niche width 
and isotopic position between sample years, seasons, and ontogenetic groups. We then inves-
tigated stomach content data for differences in diet between years, seasons and size classes. 
Finally, we used the combination of stable isotope and stomach content data to measure the 
degree of individual specialization for each group and potential changes in specialization 
with time. 

For stable isotope data, univariate analysis was applied to examine potential differences 
in δ13C and δ15N values between years (2007–2008 and 2008–2009), seasons (wet and dry), 
and size classes (juveniles and subadults). δ13C and δ15N values were tested for normality and 
homogeneity of variance in R v2.11.1 (R Development Core Team 2008). δ13C values met the 
model assumptions, thus stepwise one-way analysis of variance (ANOVA) was used to assess 
the influence of each factor (year, season, size class) separately (i.e., series of single-factored 
analyses; Ley and Halliday 2007, Hammerschlag and Serafy 2009). δ15N values did not meet 
model assumptions, so stepwise one-way Kruskal-Wallis analysis was employed. Analyses 
were performed in SYSTAT v10.2 (SYSTAT 2002) and statistical significance was declared at 
α = 0.05.

One representation of niche width of a given group is the total area of a subset of individu-
als of that group within a bivariate isotope space (here within a δ13C–δ15N-biplot). It can be 
calculated as the minimum convex polygon (MCP; Anderson 1982), i.e., the area of the small-
est convex polygon that contains all individuals of the sample group (Layman et al. 2007). 
We measured MCP of each size class in ArcMap GIS v9.3.1 (ERSI 2008) and verified that 
the sample size of each group was sufficient to adequately represent the niche width of that 
particular group based on performed bootstraps (1000 replicates) in Animal Movements ex-
tension (Hooge and Eichenlaub 1997) for ArcView GIS v3.2 (ERSI 1999). If the curve of the 
relationship between sample size and niche width reaches an asymptote, it can be assumed 
that enough individuals were sampled (Hurturbia 1973, Cailliet 1977, Ferry and Cailliet 1996). 

The MCP approach offers some advantages for characterizing niche width when compared 
to alternative analyses. The MCP approach is powerful because it incorporates each indi-
vidual of the population’s subsample, and thus includes information about the niche width of 
the population including every sampled individual (i.e., providing information about the ex-
tent of the population’s niche width). Conversely, other approaches are targeted at identifying 
the “core” niche of the population, i.e., the niche area that most individual of the population 
occupy, an approach which could exclude particular individuals from the characterization of 
the population niche (Jackson et al. 2011). Either of these approaches may be more relevant 
with respect to a particular question of interest and/or the nature of the underlying data set. 
Here, we chose to examine niche width of juvenile and subadult schoolmaster using the MCP 
approach, as the importance of individual level niche variation is increasingly recognized as 
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an important component of ecological dynamics and evolutionary trajectories (Bolnick et al. 
2003, 2011, Araújo et al. 2011). 

To identify any changes in resource use between the two size classes, we performed a mul-
tivariate test for differences in central tendency and dispersion following Turner et al. (2010) 
in R v2.11.1 (R Development Core Team 2008). In the context of the present study, differences 
in central tendency represent a shift in isotopic niche position, and differences in dispersion 
represent a change in niche width between the two size classes. Difference in central tendency 
was measured by computing Euclidean distance between the centroids (bivariate means) of 
the two groups and was considered to be different between the two groups if the Euclidean 
distance between them was significantly greater than zero (Turner et al. 2010). Similarly, the 
mean distance to centroid was computed to test for differences in dispersion (for more details, 
see Turner et al. 2010). 

Gut contents of schoolmaster were analyzed based on the volume of prey items from vari-
ous taxonomic groups. For analysis, we omitted all empty stomachs, as well as prey items that 
were classified as unidentifiable crustacean, crab, or shrimp. The external features of teleost 
fishes disintegrate rather quickly once ingested (Randall 1967, Brulé and Canché 1993), and 
are thus difficult to identify to species. Consequently, we grouped all consumed fishes into a 
teleost category. Several other prey taxa constituted a relatively small volume in the school-
master diets. Since small volumes of prey taxa can bias stomach content analysis (Clarke and 
Warwick 1994), we used a quantitative criterion following Araújo et al. (2007b) to determine 
which prey categories to include in the analysis. This criterion consists of calculating the re-
ciprocal of the number k of prey categories consumed (1 ⁄k), and using this value as a cutoff for 
inclusion of prey categories in further analyses. A category j is included if its proportion in the 
population diet qj ≥ 1 ⁄k. The cutoff value for schoolmaster was 0.033, so that categories repre-
senting < 3.3% of diet items in each species were eliminated. Prey categories included were te-
leosts (fishes), Panopeus sp. (mud crabs), Aratus sp. (mangrove tree crab), Xanthoidae (super-
family of mud crabs, excluding Panopeus sp.), Alpheus spp. (snapping shrimp), Palaemonetes 
sp. (grass shrimp), and Farfantepenaeus sp. (pink shrimp). 

As with stable isotope data, univariate analysis was applied to examine potential differ-
ences in diet between years, seasons, and size classes using stomach content data. Stepwise 
one-way χ2 analysis was performed on volumes of prey taxa to assess the influence of each 
factor (year, season, size class) separately (i.e., series of single-factored analyses; Ley and 
Halliday 2007, Hammerschlag and Serafy 2009). Average dissimilarity between groups was 
measured when necessary using similarity percentages (SIMPER) in PRIMER 5.2.9 (Clarke 
and Warwick 1994). 

When used together, stable isotope and stomach content analysis are powerful tools to 
quantify the degree of individual specialization (Votier et al. 2003, Matthews and Mazumder 
2004, Araújo et al. 2007a, Layman et al. 2012). To this end, we employed the model of Araújo 
et al. (2007a) separately for δ13C and δ15N values on both juvenile and subadult schoolmaster. 
This model uses the variance in individual stable isotope values (i.e., δ13C or δ15N) of a size 
class, the stable isotope values (i.e., δ13C or δ15N) of each prey taxa, and the dietary proportion 
for each prey taxa to estimate the index of individual specialization (i.e., WIC⁄TNW, WIC = 
within-individual component, TNW = total niche width, where TNW = WIC + BIC, BIC = 
between-individual component; Bolnick et al. 2002). In this approach, null populations with 
varying degrees of individual specialization are generated, for which both isotope variances 
and indices of individual specialization are calculated. A curve relating the expected isotopic 
variances and indices of individual specialization is built, and is then used to interpolate a 
measure of individual specialization given an empirical variance in isotopes (i.e., given the 
actual estimated variance in δ13C or δ15N for a selected sample of individual consumers). The 
calculations were performed in the program “VarIso” (http://www2.fiu.edu/~marine/araujo/
software.html) using 100 simulations following Araújo et al. (2007a). Output data were applied 
to calculate the expected index of individual specialization for schoolmaster (WIC⁄TNW). 
Indices of WIC⁄TNW close to zero imply strong individual specialization within a size class, 
while WIC⁄TNW indices close to 1 suggest homogeneous resource use among individuals of 
a size class.

http://www2.fiu.edu/~marine/araujo/software.html
http://www2.fiu.edu/~marine/araujo/software.html
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Results

During the study period (May 2007–February 2009), we performed stomach re-
gurgitation on 842 individual schoolmaster with mean SL of 122.6 ± 29.6 mm (mean 
± SD; range 45–245 mm) and used a subsample of 150 individuals with mean SL of 
135.4 ± 34.5 mm (range 63–245 mm) for stable isotope analysis (Appendix 2, Fig. 1A). 
Stepwise one-way analysis of variance revealed that δ13C values were not significantly 
affected by year or season, but were affected by size class (Table 1). δ15N values did 
not vary between seasons, yet differed significantly between sampling years and be-
tween size classes (Table 2). Linear regression revealed a significant increase in δ13C 
values with body size (i.e., SL: R2 = 0.16, P < 0.0001, n = 150, Fig. 2A). Similarly, δ15N 
values increased significantly with body size in 2007–2008 (R2 = 0.22, P < 0.0001, n = 
90) and in 2008–2009 (R2 = 0.32, P < 0.0001, n = 60, Fig. 2B).

The MCP of all juveniles (pooled across years and seasons) was 20.7, and the MCP 
of all subadults 17.9 (Fig. 3A). Isotopic niche position (central tendency) differed 
significantly between juveniles (δ13C = −13.8‰, δ15N = 7.3‰) and subadults (δ13C = 
−12.4‰, δ15N = 8‰; Euclidean distance = 1.52, P = 0.001), but there was no differ-
ence in niche width (dispersion; centroid distance = 0.09, P = 0.63; Fig. 3A) between 
size groups for both years combined. When niche widths of size classes were sepa-
rated into the two sampling years, the niche width of juveniles and subadults was 7.0 
and 9.5, respectively, for 2007–2008 (Fig. 3B). Isotopic niche position differed signifi-
cantly between juveniles (δ13C = −13.8‰, δ15N = 7.9‰) and sub-adults in 2007–2008 
(δ13C = −12.4‰, δ15N = 8.2‰; Euclidean distance = 1.47, P = 0.001), but there was 
no significant difference in niche width (centroid distance = 0.01, P = 0.95; Fig. 3B). 
In contrast, juveniles in 2008–2009 had a different isotopic niche position (δ13C = 
−13.8‰, δ15N = 6.6‰) than the subadults (δ13C = −12.6‰, δ15N = 7.5‰; Euclidean 
distance = 1.51, P = 0.008), as well as a significantly smaller niche width (11.9 vs 13.6; 
centroid distance = 0.69, P = 0.012; Fig. 3C).

Table 1. Results of stepwise one-way ANOVA on δ13C of juvenile (< 125 mm SL) and subadult (≥ 
125 mm SL) schoolmaster (Lutjanus apodus). For each test, df = 1.

Step Grouping factor Factor analyzed F P
1 None Year 1.0 0.320
1 None Season 3.3 0.070
1 None Size group 18.0 < 0.001

Table 2. Results of stepwise one-way Kruskal-Wallis analysis of δ15N of juvenile (< 125 mm SL) 
and subadult (≥ 125 mm SL) schoolmaster (Lutjanus apodus).

Step Grouping factor Factor analyzed U P
1 None Year 4,558 < 0.001
1 None Season 1,978 0.003
1 None Size group 1,538 < 0.001
2 Year (2007–2008) Season 742 0.100
2 Year (2007–2008) Size group 620 0.010
2 Year (2008–2009) Season 330 0.120
2 Year (2008–2009) Size group 156 < 0.001
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From the 842 sampled individuals, 261 individuals (31%) with mean SL of 120.7 ± 
30.6 mm (range 63–245 mm, Fig. 1B) had identifiable prey items in their stomachs 
(Appendix 3). The stepwise one-way χ2 analysis revealed that diet composition dif-
fered significantly between juveniles and subadults only in 2008–2009 (χ2 = 17.7, df = 
6, P = 0.007; Table 3). Prey taxa that were primarily responsible for the observed dif-
ference in dietary composition between juveniles and subadults in 2008–2009 were 
Aratus sp. crabs (30.1%) and teleosts (26.3%, percent contribution to the overall dis-
similarity from SIMPER). Diet comparison between juveniles and subadults (pooled 
across years) revealed significantly different diets (χ2 = 18.7, df = 6, P = 0.005; Fig. 4A, 
Table 3): juveniles mostly consumed Aratus sp. crabs (35%), Alpheus spp. shrimps 
(27%), and teleosts (20%), while the diet of subadults was dominated by teleosts (29%) 
and Aratus sp. (24%, Fig. 4A). When diets were compared within each year, however, 
there were no significantly differences between the two size groups in 2007–2008 (χ2 
= 5.6, df = 6, P = 0.47; Fig. 4B, Table 3). Diets did differ between size groups in 2008–
2009 (χ2 = 17.7, df = 6, P = 0.007; Fig. 4C, Table 3): juveniles mainly fed on Aratus sp. 
(39%) and Alpheus spp. (31%), while subadults fed on Aratus sp. (33%), Panopeus sp. 
(19%) and teleosts (18%). Regardless of year, the proportion of teleosts, Panopeus sp., 

Figure 2. Significant linear regression between (A) δ13C and schoolmaster (Lutjanus apodus) 
standard length (SL; R2 = 0.16, P < 0.0001, n = 150) and (B) δ15N and schoolmaster snapper SL 
[2007–2008 (open circles, dashed trendline): R2 = 0.22, P < 0.0001, n = 90; 2008–2009 (closed 
circles, solid trendline): R2 = 0.32, P < 0.0001, n = 60]. PDB (PeeDee belemnite) and AIR (atmo-
spheric nitrogen) are the global standards of δ13C and δ15N, respectively.
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Figure 3. Niche width (estimated using minimum convex polygon, MCP) of juveniles (solid line) 
and subadults (dashed line) of schoolmaster, Lutjanus apodus, represented in a δ13C–δ15N niche 
space. Triangles represent isotope data of individual juveniles and open circles individual sub-
adults (A) from both sampling years, (B) from 2007–2008 only, and (C) from 2008–2009 only. 
The δ13C ranges of primary producers are represented by gray bars below the x-axis in Panel C 
and are based on stable isotope data from Bahamian primary producers in similar study systems 
(Kieckbusch et al. 2004). PDB (PeeDee belemnite) and AIR (atmospheric nitrogen) are the global 
standards of δ13C and δ15N, respectively.
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Xanthoidea, and Farfantepenaeus sp. was higher, and the proportion of Aratus sp., 
Alpheus spp., and Palaemonetes sp. was lower in subadult schoolmaster (Fig. 4).

The estimated degree of individual specialization (WIC⁄TNW) for juvenile and 
subadult schoolmaster (pooled across years) based on δ13C values was relatively low 
(i.e., relatively high WIC⁄TNW; 0.71 and 0.67, respectively). Likewise, the magnitude 
of individual specialization based on δ15N values was relatively low for juveniles and 
subadults in 2007–2008 (0.88 and 0.71, respectively), whereas it was relatively higher 
for the two size classes in 2008–2009 (0.71 and 0.50, respectively), suggesting some 
temporal variation in degree of dietary specialization. For comparison, natural pop-
ulations across broad taxonomic groups have been found to have a mean WIC⁄TNW 
index of 0.66 ± 0.209 (n = 78; Araújo et al. 2011).

Figure 4. Percent of diet by volume in individual stomachs of (A) all schoolmaster, Lutjanus 
apodus (pooled across years), (B) schoolmaster in 2007–2008, and (C) in 2008–2009. White 
bars represent stomach contents of juveniles and gray bars that of subadults. Panopeus and 
Aratus are crab genera, Xanthoidae is a crab superfamily, while Alpheus, Palaemonetes, and 
Farfantepenaeus are shrimp genera. 



BULLETIN OF MARINE SCIENCE. VOL 88, NO 2. 2012220

Discussion

Variation in resource use affects population dynamics, community structure, and 
ecosystem functions (Werner and Hall 1988, Polis and Strong 1996, Claessen et al. 
2002, Subalusky et al. 2009). For example, many fishes change their diet through 
ontogeny, which can decrease intrapopulation resource competition (Werner and 
Gilliam 1984). A number of studies also have revealed the occurrence of individual-
level variation within size classes (Bolnick et al. 2003, Araújo et al. 2011). In this 
context, we examined patterns in resource use in one of the most abundant wetland 
fishes in The Bahamas. In doing so, we provide a framework for incorporating such 
intrapopulation variation into the study of coastal organisms’ resource usage.

As δ13C can differ considerably among primary producers with different photo-
synthetic pathways (e.g., C3 vs C4 plants), but changes little with trophic transfers 
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post 2002), it can be useful in 
determining primary habitats or source pools utilized by consumers. The δ13C values 
are especially useful in coastal ecosystems because some of the most prominent habi-
tat types, i.e., mangroves and seagrass beds, have distinct δ13C signatures. Mangroves 
(and mangrove-associated algae) are typically more depleted in δ13C than seagrass 
(and seagrass-associated algae; Kieckbusch et al. 2004). Snappers (Lutjanidae) are 
known to reside in mangrove areas, but may either feed within this habitat or in 
others (e.g., Hammerschlag-Peyer and Layman 2010). In our study, juvenile school-
master were characterized by values similar to mangrove-based food webs, whereas 
subadult schoolmaster tended to have more enriched δ13C values, likely reflecting 
greater reliance on seagrass-based food sources (Kieckbusch et al. 2004, Fig. 5). 
Dietary data were consistent with this interpretation. For example, subadults fed 
more on Farfantepenaeus sp. (Fig. 4) that are common in seagrass beds (Sanchez 
1997, Fig. 5). The primary diet item of juveniles, Aratus sp. (Fig. 4), is only found on 
mangrove prop roots where they feed on mangrove-associated epiphytic communi-
ties (and thus have a depleted δ13C, Fig. 5). As such, our data suggest that subadults 
could have expanded their foraging range to adjacent seagrass beds, whereas juve-
niles remained closer to the mangrove fringe of the creeks and fed on food sources 
within that microhabitat. 

Such an increase in foraging range with ontogeny is common in fishes (for a review: 
Minns 1995), often due to a decrease in predation risk (Werner and Hall 1988) or 
change in resource requirements (Carfagno and Weatherhead 2008). In a previous 
study, we found that changes in foraging range of schoolmaster, and a closely related 
species gray snapper, Lutjanus griseus (Linnaeus, 1758), were not affected by body size 
(Hammerschlag-Peyer and Layman 2010). In that study, we used larger individuals 

Table 3. Results of stepwise one-way χ2 analysis on gut content data of juvenile (< 125 mm SL) 
and subadult (≥ 125 mm SL) schoolmaster (Lutjanus apodus).

Step Grouping factor Factor analyzed χ2 P
1 None Year 12.9 0.040
1 None Season 11.3 0.080
1 None Size group 18.7 0.005
2 Year (2007–2008) Size group 5.6 0.470
2 Year (2008–2009) Size group 17.7 0.007
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(schoolmaster: SL 110–272 mm, gray snapper: SL 111–276 mm) than in the present 
study. Since the smallest individuals are most susceptible to predators (Werner and 
Hall 1988), juveniles used in the present study (SL 45–124 mm) may have had a more 
constrained foraging range (e.g., to minimize predation risk). But once a certain size 
threshold is reached, individual-level foraging differences may override potentially 
restricted foraging ranges of juveniles in these systems (Hammerschlag-Peyer and 
Layman 2010). These data suggest how a combination of stable isotope, diet, and 
behavioral data can be a powerful combination of tools to examine resource use 
of coastal organisms (Hammerschlag-Peyer and Layman 2010, Matich et al. 2010, 
Rosenblatt and Heithaus 2011).

Body size and trophic position are often correlated, such that larger animals feed at 
higher trophic levels (Sholtodouglas et al. 1991, Cohen et al. 1993, Fry and Quinones 
1994, France et al. 1998, Jennings et al. 2001). In our study, subadult schoolmaster 
had more enriched δ15N values than juveniles, suggesting a higher trophic position. 
This higher trophic level of subadults could have been the result of their consumption 
of larger prey items and/or an increased proportion of teleosts in their diet. Based on 
δ15N values (and an assumed fractionation of ~3‰), teleosts were approximately a 
trophic level higher than most other prey taxa (Appendix 4, Fig. 5). Studies on gray 
snapper (L. griseus) have shown that piscivory increases through ontogeny (Starck 
and Schroeder 1971), and we would expect this trend to be even more pronounced in 
schoolmaster if we would have included larger size classes in the diet analysis.

Figure 5. Stable isotope data of prey taxa (mean value; gray squares), as well as individual juvenile 
(triangles) and subadult (circles) schoolmaster sampled during the sampling year of 2007–2008 
(open symbols) and 2008–2009 (closed symbols) represented in a δ13C–δ15N niche space. For the 
teleost group, we used frillfin goby (n = 8), crested goby (n = 3), banded goby (n = 1), and rosy 
blenny (n = 1) collected from Jungle Creek. Error bars represent standard deviation of prey taxa 
stable isotope values. The δ13C ranges of primary producers are represented by gray bars below 
the x-axis are based on stable isotope data from Bahamian primary producers (Kieckbusch et al. 
2004). PDB (PeeDee belemnite) and AIR (atmospheric nitrogen) are the global standards of δ13C 
and δ15N, respectively.
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Temporal differences in resource use can be used to explore mechanisms driv-
ing ontogenetic niche shifts and individual specialization (Link and Garrison 2002, 
Herrera et al. 2008). In the present study, niche width and degree of individual spe-
cialization differed between years. The data were consistent with the classic “niche 
variation hypothesis” (Van Valen 1965), which suggests that populations (or size/age 
groups) with broader niches are more variable (i.e., higher among-individual varia-
tion) than populations with narrower niches (Soule and Stewart 1970). A wider niche 
width can be attained in one of two ways: (1) all individuals of that population/group 
utilize more resources (all individuals have large niche widths; low among-individ-
ual variation) or (2) the entire population/group utilizes more resources, yet each 
individual maintains a narrow niche that overlaps little among conspecifics (high 
among-individual variation; Bolnick et al. 2007, Araújo et al. 2011). In the present 
study, juvenile and subadult schoolmaster had a larger niche width and relatively 
higher degree of individual specialization in 2008–2009, suggesting the occurrence 
of the latter scenario. These niche differences were driven mostly by juveniles and 
subadults presumably feeding on prey at different trophic levels, as suggested by in-
dividual snapper with more variable δ15N range in 2008–2009. 

Underlying factors driving changes in niche width and degree of individual spe-
cialization between years could have been based on temporal changes in the rela-
tive degree of intraspecific competition and/or resource abundance. For instance, 
several empirical studies found that niche width and magnitude of individual spe-
cialization increased with population density (a proxy for intraspecific competition; 
Svanbäck and Persson 2004, 2009, Svanbäck et al. 2008, Frederich et al. 2010). In the 
present example, varying recruitment rates of schoolmaster between years may have 
driven different population densities. In addition, seagrass productivity might have 
fluctuated between years (Fourqurean et al. 2001), which could have affected prey 
abundance. Additional research is needed to explore mechanisms which drive niche 
variation in these systems. 

Some other factors might have affected our findings. For example, variation in sta-
ble isotope ratios between juvenile and subadult schoolmaster also could have been 
driven by differences in isotopic turnover rates (i.e., renewal process of molecules in 
a given tissue commonly measured when half of the tissue composition has changed; 
Martinez del Rio et al. 2009) between the two size classes, rather than a shift in re-
source use. Some studies have shown that turnover rates of δ13C and δ15N can change 
with body size in fishes, with smaller individuals having faster turnover rates due to 
higher growth rates or increased metabolic rates (Hesslein et al. 1993, Suring and 
Wing 2009). However, we note that stomach content data corroborate the isotope 
pattern of a shift in resource use between juvenile and subadult schoolmaster, es-
pecially in 2008–2009. Another potential study limitation was the low resolution of 
taxonomic identification of teleosts in the stomach content analysis. But again, stable 
isotope analysis was consistent with stomach content findings, i.e., subadults were 
increasingly relying on teleosts in their diet. Lastly, potential spatial and temporal 
variability in isotopic values of primary producers could also have affected our iso-
topic findings (Matthews and Mazumder 2004, Fourqurean et al. 2005, Fourqurean 
et al. 2007). Although our findings may have been affected by general limitations of 
stable isotope and stomach content analyses (Votier et al. 2003, Newsome et al. 2007, 
Layman and Post 2008, Layman et al. 2012), our use of these two complementary 
methods provides important insights into the trophic ecology of this coastal fish 
species.
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Appendix 1. Relationship between muscle and fin tissue for (A) δ13C and (B) δ15N values in 
schoolmaster (Lutjanus apodus, n = 23). 

Appendix 2. Sample size of stable isotope analysis of fin tissue of individual schoolmaster 
(Lutjanus apodus).

Season Juveniles Subadults Total
Wet 2007 16 41 57
Dry 2008 15 18 33
Wet 2008 10 17 27
Dry 2009 20 13 33
Total 61 89 150

Appendix 3. Sample size of gut contents in schoolmaster (Lutjanus apodus).

Season Juveniles Subadults Total
Wet 2007 20 45 65
Dry 2008 39 14 53
Wet 2008 40 27 67
Dry 2009 66 10 76
Total 165 96 261



BULLETIN OF MARINE SCIENCE. VOL 88, NO 2. 2012230

Appendix 4. δ13C values, δ15N values, and sample size (n) for prey items used in the individual 
specialization model (see text for more detail).

Prey category Mean δ13C Mean δ15N n
Teleost −13.25 6.09 32
Panopeus −14.33 3.52 12
Aratus −20.40 2.90 6
Xanthoidea −13.62 2.58 5
Alpheus −12.70 3.65 5
Palaemonetes −13.36 5.38 8
Farfantepenaeus −10.27 4.49 3
Total 71


