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Appendix 1 
Stomach content and stable isotope analyses  

Stomach content analyses 

Stomach content analyses are traditional approaches used to examine the feeding ecology of 

consumers in wild populations (Svanbäck and Bolnick 2007, Robinson et al. 1993). In the present 

study, stomach contents of wild Lepomis gibbosus were dissected under microscope and prey items 

were counted and identified to the lowest taxonomic level (mostly family level). A total of 70 prey 

taxa were found, including numerous invertebrate families and eggs. To assist analysis, within 

orders, several families were grouped into similar morphotype groups (aquatic larvae, emergent 

invertebrates or terrestrial invertebrates) and ultimately provided 29 prey categories for SCA. 

Importantly, although present in stomach content, plant detritus could not be counted and were thus 

excluded from subsequent analyses.  

 Indices were developed to calculate individual specialization using the population's total diet 

to define resource availability, involving that individuals are compared to their population niche 

rather than to the food availability (Bolnick et al. 2002). In the present study, we used the 

proportional similarity index (PS) to measure diet overlap between individual i and its population 

following Bolnick et al. (2002): 

PSi = 1 - 0.5 |𝑝!" −  𝑞!"|!  

"where pij is the proportion of the jth resource category in individual i's diet, qij is the proportion of 

the jth resource category in the population's niche and is calculated as: 

qij = 
!!"!

!!"!!
 

where nij represent the number of diet items in individual i's diet that fall in category j. For 

individuals that specialize on a single diet item j, PSi takes on the value qj. For individuals that 

consume resources in direct proportion to the population as a whole, PSi will equal 1." (Bolnick et 

al. 2002). PSi were calculated using the package RInSp (Zaccarelli et al. 2013). For each L. 
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gibbosus, the count of prey items was converted to proportions and averaged across all individuals 

for each resource (Bolnick et al. 2002). The significance of PSi was evaluated using resampling 

methods based on Monte Carlo procedures (using 10 000 replicates). The null hypothesis was that 

any observed diet variation arose from individuals sampling stochastically from a shared 

distribution (Araújo et al. 2011).  

 

Stable isotope analyses 

Stable isotope analyses are useful tools to investigate the trophic ecology of consumers in wild 

populations with the particularity to integrate dietary information through time (Layman et al. 

2012). For instance, stable isotope values in fish muscle samples provide dietary information over 

two to eight weeks (Boecklen et al. 2011). The stable isotope ratio of carbon and nitrogen (noted 

δ13C and δ15N, respectively) are commonly used to diet reconstruction due to their abilities to 

discriminate between different origin of resources (e.g. pelagic versus littoral), and differential 

trophic position (Post 2002).  

 δ13C and δ15N values were measured on muscle samples from individuals Lepomis gibbosus 

selected in each population. In addition, the stable isotope values of putative prey resources were 

analyzed in each population during fish sampling (mid-September to mid-October 2012) to inform 

on the diet of Lepomis gibbosus during the period of their maximal growth rate (summer period). 

Specifically, littoral and pelagic prey resources were collected in different locations when available 

to account for potential spatial variability within each lake. The δ13C and δ15N values of littoral prey 

consisted of mean values of the most common invertebrates sampled in the littoral habitat with a 

pond net (Chironomidae, Ephemeroptera, Gastropoda, Assellidae and Oligochaeta; n = 1 to 4 

samples per lake; n = 1 to 6 individuals per sample). Isotope analyses for Gastropoda were 

performed on the soft muscle tissue. Stable isotope values of pelagic prey were obtained from 

zooplankton and Chironomidae samples (n = 3–4 samples per lake; n = 2–3 chironomids per 

sample) collected in the pelagic habitat with a 100-µm mesh net and an Ekman dredge, respectively.  

 Prior to all analyses, stable isotope samples were oven dried for 48 h at 60°C, ground in a 

fine powder using a mortar and pestle and then analyzed at the Cornell Isotope Laboratory (Ithaca, 

New York, USA). The analytical precision for all samples, calculated as the standard deviation of 

an internal mink standard, was 0.11 and 0.12‰ for δ13C and δ15N values, respectively. Since the 

C:N ratio of prey (littoral prey : mean = 4.60 ± 0.10 SE; pelagic prey : mean = 4.15 ± 0.12 SE) were 

higher than the suggested limits (3.5 for aquatic organisms; Post et al. 2007), the stable isotope 

values of prey were lipid-corrected before subsequent analyses.  
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Figure A1. Bi-plots of the trophic position and the corrected δ13C values (δ13Ccor) for each 

population (A–K, n = 11). Each dot represents a Lepomis gibbosus individual. For each population, 

the stable isotope niche is represented by the convex hull area (TA, dashed line; Layman et al. 

2007) and the standard ellipse area (SEA, continuous line). Statistical analyses indicate a strong and 

positive correlation between SEAb and TA (Spearman: rho = 0.81, S = 42, 9 df, o = 0.004). 

	

 

 

 

 

 

 

Figure A2. Kernel distribution of the individual specialization index (PSi) calculated for the 11 wild 

populations of Lepomis gibbosus and based on stomach content analyses. Population colors are 

indicated in Fig. A1. 
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Appendix 2 
Experimental protocol of nutrient excretion rates and results of the effects of intraspecific trophic 

variability on consumers and their subsequent indirect effects on ecosystem functioning 

 

Nutrient excretion rates of Lepomis gibbosus were quantified in the laboratory following the 

protocol of Vanni et al. (2002). Two hours after feeding (Glaholt and Vanni 2005), L. gibbosus 

were placed individually into a translucent plastic bag containing 0.8 l of spring water and stored in 

a covered bucket to minimize visual contact and reduce physiological stress during incubation 

(Whiles et al. 2009). The spring water was low in soluble N and P but had similar chemical 

characteristics, especially pH, to the water used in the experiments. An incubation time of 1 h 30 

min was used to ensure concentrations of ammonium and phosphorus in the water were above 

quantification levels (Glaholt and Vanni 2005). Filtered water samples (80 ml filtered using 

Whatman GF/C, pore size 1.2 µm) were analyzed for ammonium (N-NH4
+, hereafter referred to as 

N) and soluble reactive phosphorus (SRP, hereafter referred to as P) concentrations using the 

phenol-hypochlorite and molybdenum blue methods, respectively, run by an automated continuous-

flow colorimetric analyzer (ALPKEM Corporation, Clackamas, OR, USA). Per capita excretion 

rates (ER; hereafter referred to as ‘excretion rate’) of N and P (µmol ind.-1 h-1) were calculated for 

each individual following Vanni et al. (2002): 

ERI = (([I]ind  ̶  [I]control) × V) / t 

where [I]ind and [I]control are the molar concentration (µmol l-1) of the element I observed for fish and 

control, respectively, V is the volume (l) of spring bottled water in the plastic bag and t is the 

duration of the incubation (hours). At the start of the experiment, initial per capita excretion rates 

did not differ significantly between treatments (ANOVAs, p = 0.154 for N and p = 0.341 for P). At 

the end of the experiment, after the final excretion trial, L. gibbosus were euthanized using an 

overdose of anesthetic and weighted individually (Wf ± 0.1 g). 

 

References 
Glaholt, S. P. and Vanni, M. J. 2005. Ecological responses to simulated benthic-derived nutrient 

subsidies mediated by omnivorous fish. – Freshwater Biol. 50: 1864–1881. 

Vanni, M. J. et al. 2002. Stoichiometry of nutrient recycling by vertebrates in a tropical stream: 

linking species identity and ecosystem processes. – Ecol. Lett. 5: 285–293. 

Whiles, M. R. et al. 2009. Influence of handling stress and fasting on estimates of ammonium 

excretion by tadpoles and fish: recommendations for designing excretion experiments. – Limnol. 

Oceanogr. Methods 7: 1–7. 


