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INTRODUCTION

Overfishing has pervasive impacts on marine eco-
systems, ranging from species extinctions to funda-
mental alterations of ecosystem processes (Jackson
et al. 2001, Worm et al. 2006). A common strategy for
protecting marine communities from overfishing is
the establishment of no-take marine protected areas
(MPAs). Their effectiveness has been debated
(Roberts & Polunin 1993, Bruno & Selig 2007), but
where they are well enforced, MPAs can facilitate
recovery of enclosed communities (Lester et al.
2009), enhancing abundance and diversity of fishes
as well as the ecosystem’s mean trophic level

(Libralato et al. 2010, Rasher et al. 2013). Hence,
MPAs can alter the composition of species assem-
blages, but their impacts on the feeding behavior and
trophic biology of individual species are relatively
unexplored.

By protecting larger consumers, MPAs may facili-
tate trophic cascades that alter lower trophic level
species’ behavior and access to resources. In the Car-
ibbean, Stallings (2008) found that the presence of
large grouper caused smaller grouper to spend less
time foraging and to have lower growth rates than
when the larger grouper were absent. Recruitment of
lower trophic level species was also higher when the
larger grouper were present. Through such interac-

© Inter-Research 2015 · www.int-res.com*Corresponding author: mark.hay@biology.gatech.edu

Effect of marine protected areas (MPAs) 
on consumer diet: MPA fish feed higher in the food

chain

Claire Dell, Joseph P. Montoya, Mark E. Hay*

School of Biology, Georgia Institute of Technology, 950 Atlantic Drive, Atlanta, Georgia 30332, USA

ABSTRACT: Marine protected areas (MPAs) are often established to mitigate the effects of over-
fishing and other human disturbances. In Fiji, these are locally managed and, where enforced,
have significantly higher coral cover, higher fish biomass, and lower seaweed cover than the adja-
cent unprotected reefs (non-MPAs). We investigated how the isotopic signatures of a common
mid-level consumer, Epinephelus merra, differed among 3 small (0.5 to 0.8 km2) MPAs versus
adjacent unprotected reefs. Isotopic ratios suggested that the fish in the MPAs fed higher in the
food chain than those in the adjacent non-MPAs, despite being slightly smaller. Calculations using
a brown alga as representative of the basal level of the food chain estimate this difference to be
about half a trophic level. Thus, the isotopic ratio of a mid-level consumer can be noticeably
altered over scales of only a few hundred meters. This may result from more complete food webs
and hence greater prey choice and availability in the MPAs and implies that MPAs affect not only
species’ abundance and diversity but also diet composition and trophic biology of member indi-
viduals. Our findings suggest that E. merra exhibits considerable site fidelity in its feeding biology
and thus provides a localized isotopic signal of its reef of residence. If the isotopic signal of this
mid-level carnivore is reflective of the composition of the food web beneath it, the signal might
provide an easily obtained indication of reef conditions in that area.

KEY WORDS:  Nitrogen · Carbon · Isotope · Grouper · Turbinaria conoides · Trophic position ·
Phaeophyte

Resale or republication not permitted without written consent of the publisher



Mar Ecol Prog Ser 540: 227–234, 2015

tions, MPAs might alter fishes’ feeding
biology and potentially their trophic
position within the food web. This pos-
sible effect of MPAs on fish behavior
and resource use has rarely been
investigated.

Here, we use stable isotope analysis
to ask if the trophic biology of a mid-
level consumer (the small grouper
Epinephelus merra) differed depend-
ing on whether the individual was liv-
ing in the no-take MPA or in the adja-
cent fished area, only a few hundred
meters away. Stable isotope analysis
has been widely used to elucidate
connections in food webs and species’
trophic positions. This technique has
the advantage that it need not be de -
structive (one can use fin clips as
opposed to gut content analysis), and
it integrates the sources of nitrogen assimilated
(Cocheret de la Morinière et al. 2003) over periods of
weeks to years (Hobson 1999, MacNeil et al. 2006)
rather than producing a snapshot view, as provided
by stomach content analysis (Harmelin-Vivien &
Bouchon 1976). It is also able to give an accurate re -
presentation of energy flow (Post 2002) and the rela-
tive importance of differing food sources or feeding
strategies, such as omnivory (Post 2002). As a result,
analyses of carbon and nitrogen isotopic ratios have
been able to answer some questions at greater reso-
lution or beyond the scope of other methods.

Here, we chose the grouper E. merra as our focus
species because it is one of the few site-attached
predatory fishes that is common in both MPAs and
non-MPAs along the coast of Fiji (Clements et al.
2012), making it a possible integrator of the food
chain up to its level in both MPAs and fished areas.

MATERIALS AND METHODS

Study site and species

Along the Coral Coast of Fiji’s main island, local
villages have established and enforced no-take
MPAs. Thus, multiple small MPAs occur scattered
within the unprotected back reef (non-MPA), which
is subject to artisanal fishing using hand lines, nets
and spears. The MPAs and non-MPAs we investi-
gated are 1 to 1.5 m deep at low tide, occupy an
11 km stretch of continuous coastline (Fig. 1) and
thus are impacted by the same oceanic waters and

similar terrestrial influences. Our study focused on 3
pairs of protected (MPA) and fished reefs associated
with the villages of Votua, Vatu-o-lailai and Namada.
The MPAs cover areas of ~0.8, ~0.5 and ~0.5 km2,
respectively, and are located between ~300 m and
~1 km from the adjacent fished site (Fig. 1). The
MPAs were established in 2002 and 2003 (Simpson
2010) and now differ greatly from their associated
unprotected reefs. Live coral cover is 38 to 56% on
hard substrates in the MPAs but only 4 to 16% in the
non-MPAs, while macroalgal cover is 1 to 3% in the
MPAs but 49 to 91% in the non-MPAs (Rasher et al.
2013). Fish diversity, density, biomass and recruit-
ment are also suppressed in the non-MPAs relative to
the MPAs of these villages (Rasher et al. 2013, Bonal -
do & Hay 2014, Dixson et al. 2014).

We chose the brown macroalga Turbinaria co -
noides to give an indication of ambient nitrogen con-
ditions at each location because it is long lived and
thus integrates fluctuating conditions. It is also one of
the few macroalgal species found in both the MPAs
and non-MPAs at most locations. We selected the
small grouper Epinephelus merra as the consumer of
focus because it is a mid-level generalist carnivore,
common in both the protected and fished habitats of
the reef flat (Clements et al. 2012). It is reported to
have a limited home range (47.7 ± 11 m2; To 2009)
and therefore should feed predominantly, if not ex -
clusively, in the area of collection, thus providing a
 localized dietary signal. Its diet consists of small
fishes, crabs, and a small percentage of shrimps and
cephalopods, the proportions of which vary with ont -
ogeny and feeding period (Harmelin-Vivien & Bou-
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Fig. 1. Sampling locations on Fiji’s Coral Coast. Marine protected areas are in
grey, the fished area is in white and distances between the protected and
fished collection sites are shown for each village. The pairs of numbers are the
sample sizes for each site (the number of algal samples is below the number of
fish samples). The latitude, longitude coordinates are between 18° 11’ 23.12”S,
177° 37’ 15.72” E (Namada’s MPA) and 18° 12’ 57.93” S, 177° 43’ 00.57” E 

(Votua’s MPA)
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chon 1976). Harmelin-Vivien & Bouchon (1976) found
that diets contained a higher proportion of crabs after
nocturnal feeding periods and a higher proportion of
small fishes during diurnal feeding periods. They also
reported that the smaller individuals consumed more
crustaceans, while the larger ate more fish.

Sample collection

As the MPAs were no-take reserves, we non-
lethally sampled individuals by clipping fins, which
has been shown to be a viable alternative to muscle
sampling and correlates strongly with results from
muscle tissue (Suzuki et al. 2005, Sanderson et al.
2009). Fin tissue has the additional benefit that it con-
tains collagen, which integrates dietary signals over
the individual’s lifetime and thus provides a repre-
sentation of E. merra’s overall trophic history rather
than sampling only the preceding few days or weeks
(as some tissues such as liver or whole blood would;
Hobson 1999). The outer 0.5 cm of the pectoral fin
margin was cut so that the total size of each sample
was <1 cm2, meaning that samples were composed of
webbing tissue, fin rays and skin covering the fin.
Samples were shaken vigorously in seawater to
remove any particulates (none noted) prior to being
stored at −20°C until processed in the lab. Between
4 and 15 fish were caught ~100 m from shore at each
site using baited hand lines at a depth of ~1 m in
May and June 2012.

The top 2 cm of T. conoides was collected in May
and June 2011 from 7 to 10 randomly collected repli-
cates from each site except Namada’s MPA, where T.
conoides was not found (potentially because of heavy
grazing) (Rasher et al. 2013). Like the fin clips, sam-
ples were shaken vigorously in seawater to remove
epibionts or other surface-attached particulates (none
noted). All samples were collected ~100 m from shore
at ~1 m depth at each site and frozen at −20°C until
processed. Collecting only the uppermost sections
meant that all samples were of recent growth, mini-
mizing temporal differences and avoiding the poten-
tially confounding effects of fouling organisms found
on older growth. Phaeophytes such as T. conoides
have previously been used in calculations of trophic
position, and Carassou et al. (2008) found close
agreement between estimates of E. merra’s trophic
position based on brown macroalgae versus particu-
late organic matter.

Constraints of field time resulted in collections of
algae occurring 1 yr prior to the collections of fish.
Since collagen integrates the isotopic signature over

the individual’s life (Stenhouse & Baxter 1976, Hob-
son 1999), fish samples will include the time period
represented by the algae. Moreover, both seaweed
and fish were sampled at the same time of year,  thus
limiting seasonal differences.

Sample preparation and lab analyses

No lipid treatment was performed on the fin clips,
as mean carbon:nitrogen (C:N) ratios from all sites
were all around 4, so correction from lipid normaliza-
tion would be minimal (McConnaughey & McRoy
1979, Sanderson et al. 2009). Fin clips were not acid
treated because fin rays are composed primarily of
collagen fibers (Nagai & Suzuki 2000).

To minimize the impact of epibionts in the analysis of
T. conoides, only the newest growth — the uppermost
1 cm of the algal ramet — was prepared for isotopic
analysis. Both the fin clips and algal samples were
dried to a constant weight at 70°C and ground with a
pestle and mortar into a fine powder before analysis.

Samples were analyzed in triplicate by continuous-
flow isotope ratio mass spectrometry using a Carlo
Erba NC2500 elemental analyzer interfaced to a
Micromass Optima mass spectrometer. Each analyti-
cal run included a series of elemental (methionine)
and isotope (peptone) standards to correct for blanks
and instrumental drift. We conservatively estimate
an analytical precision of ±0.2‰ for our isotopic
measurements. Isotope abundances are expressed as
δ15N and δ13C values relative to atmospheric N2 and
Vienna Pee Dee Belemnite, respectively.

Statistical analyses

Statistical analyses were performed using SPSS
version 16.0. Contrasting isotopic signatures be tween
the MPA and non-MPA areas were assessed with an
ANOVA blocked by village, where protection status
was the main effect. No post hoc tests were necessary
because there were only 2 levels of protection status.
Within village, MPA and non-MPA differences were
analyzed with independent samples t-tests. Assump-
tions of normality and homogeneity of variance were
examined using the Shapiro-Wilks test and the Lev-
ene’s test, respectively, with α = 0.05. No data sets vi-
olated these assumptions (algal δ13C p = 0.179, algal
δ15N p = 0.574, fish δ13C p = 0.943, fish δ15N p = 0.672,
fish total length p = 0.685).

Linear regression analysis evaluated whether there
were correlations between δ15N and total length as
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well as between δ13C and total length for the fish E.
merra.

Fish trophic position (TP) was calculated using the
following equation (Post 2002, Carassou et al. 2008):

where λ = TP of algae, and Δδ15N = δ15Nfish − δ15Nalgae.
δ15Nalgae in this equation refers to the mean algal δ15N
ratio for each site. This was subtracted from each
individual fish δ15N value to give an estimate of
trophic position.

RESULTS

From the non-MPAs, 25 Turbinaria conoides pieces
and 29 Epinephelus merra fin clips were collected
and analyzed. From the MPAs, 20 algal samples and
20 fin clips were collected and analyzed. Mean vari-
ation between our duplicate samples was only 0.2‰
for both δ13C and δ15N. Jardine & Cunjak (2005) pro-
posed a limit of 0.5‰, so this indicates that our sam-
ples were well homogenized and that the potential
difference in isotopic signature between fin webbing
and fin ray would not confound our analyses.

Algal δ13C was significantly higher in the MPAs
versus the fished sites (blocked ANOVA, p < 0.001);

we detected no significant differ-
ences in the δ15N signatures between
the MPAs and non-MPAs (p = 0.067),
although the trend was towards
higher values in the fished areas
(Fig. 2). Individual values of δ13C
ranged from −8.3 to −6.1‰ (mean
−7.1 ± 0.14‰) in the MPAs and from
−9.8 to −7.3‰ (mean −8.7 ± 0.16‰)
in the non-MPAs, while algal δ15N
ranged from −4.2 to 5.7‰ (mean
−0.6 ± 0.62‰) in the MPAs and from
−4.5 to 5.3‰ (mean −0.2 ± 0.49‰) in
the non-MPAs (Fig. 2).

For the fish E. merra, individuals
from the MPAs were significantly
enriched in both 13C (blocked ANO -
VA, p < 0.001) and 15N (p < 0.001)
compared to individuals from the ad -
jacent non-MPAs (Fig. 3). The mean
fish δ13C values from the MPAs were
greater than those from the non-
MPAs by 1.0, 0.3 and 1.0‰ in Votua,
Vatu-o-lailai, and Namada, respec-
tively, which gave a mean difference

of 0.8‰. The mean fish δ15N values from the MPAs
were greater than those from the non-MPAs by 0.4,
1.1, and 0.5‰ in Votua, Vatu-o-lailai, and Namada,
respectively, which gave a mean difference of 0.7‰.
δ13C values in individual fin clips ranged from −9.9 to
−7.0‰ (mean −8.1 ± 0.15‰) in the MPAs and from
−11.4 to −7.9‰ (mean −8.9 ± 0.13‰) in the non-
MPAs. Individual values for δ15N ranged from 6.9 to
8.4‰ (mean 7.6 ± 0.08‰) in the MPAs and from 6.1
to 7.8‰ (mean 7.0 ± 0.07‰) in the non-MPAs (Fig. 3).

Although the range of fish total length was simi-
lar in the non-MPAs and MPAs (12.6 to 19.7 cm
and 10.6 to 20.1 cm, respectively) and comparisons
by independent samples t-tests were not significant
for any of the villages, when data were pooled
across all villages, the mean total length of fish
from the non-MPAs was a significant 7.5% greater
(mean = 16.0 ± 0.39 cm for the non-MPAs and 14.8
± 0.48 cm for MPAs; p = 0.036, blocked ANOVA)
(Fig. 4). Nevertheless, this difference in length
would not have confounded isotopic values because
there were no correlations between fish total
length and either δ13C or δ15N (r2 = 0.001, p =
0.823 and r2 = 0.005, p = 0.622, respectively); in
addition, the beta coefficients were low (−0.033
and −0.072, respectively; Figs. S1 & S2 in the Sup-
plement at www.int-res.com/articles/ suppl/ m540
p227_supp.pdf).

TP = λ + Δδ N
3.4

fish

15
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Fig. 2. Isotopic cross plot showing the relationship between algal nitrogen
(δ15N) and carbon (δ13C) (mean ±1 SE) by village and protection status.
Villages are abbreviated as Votua (VOT), Vatu-o-lailai (VLL) and Na -
mada (NAM) with marine protected area (MPA) and fished area (NON) in
each village. Turbinaria conoides was absent from Namada’s protected
site (NAMMPA). N for each location is indicated in parentheses in the
key. Analysis by blocked ANOVA found no significant difference in δ15N
(p = 0.067), while algae from the MPA were significantly enriched in 

13C (p < 0.001)
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Analyses of algal δ13C for MPA versus non-MPA
samples by independent samples t-tests detected sig-
nificant differences in Votua (p = 0.001) and Vatu-o-
lailai (p < 0.001). For δ15N, differences were not sig-
nificant (Votua p = 0.180, Vatu-o-lailai p = 0.260). The
comparison could not be made in Namada due to the
absence of T. conoides in its MPA. For the fish, inde-
pendent samples t-tests were possible for all 3 vil-
lages and found the difference between MPA and
non-MPA δ13C significant for Votua (p < 0.001) and
Namada (p = 0.004) but not for Vatu-o-lailai (p =

0.550). For δ15N, MPA non-MPA differ-
ences were significant for all 3 villages
(Votua p = 0.022, Vatu-o-lailai p = 0.026,
Namada p < 0.001).

Calculated trophic position of E.
merra was about half a trophic level
higher in the MPAs of each village than
in the corresponding fished areas.
Trophic position was calculated to be
3.3, 2.3 and 3.6 in the non-MPAs and
3.8, 3.1 and 4 in the MPAs of Votua,
Vatu-o-lailai, and Namada respectively.
This gives a mean trophic position of
3.1 for fish from the non-MPAs and 3.6
for those from the MPAs.

DISCUSSION

We documented isotopic signatures
for the grouper Epinephelus merra that
indicate that individuals from 3 differ-

ent MPAs are feeding higher in the food chain than
individuals collected from spatially paired non-MPAs
located 300 to 1000 m away. Thus, in ad dition to
altering fish density, biomass, and species composi-
tion (Clements et al. 2012, Rasher et al. 2013), MPAs
can also alter a species’ trophic biology relative to
conspecifics  living in nearby fished reefs. Both the
δ13C and the δ15N values of the grouper were signifi-
cantly higher in individuals from the MPAs (blocked
ANOVA, p < 0.001 for both δ13C and δ15N) (Fig. 3).
This difference was not caused by a difference in
ambient nitrogen conditions, since the algal samples
indicated that there were no significant differences
between the MPA and non-MPA within each village.

If the algal samples are used as representative of
autotrophs at the base of the food web, calculations
show that the fish from the MPAs fed about half a
trophic level higher than those from the correspon-
ding non-MPAs; these estimates of trophic position
ranged from 2.3 to 3.6 in the non-MPAs and from 3.1
to 4 in the MPAs. Following the values used by Bozec
et al. (2004), this reflects a shift in the diet of E. merra
from primarily invertebrates in the non-MPAs to pri-
marily fishes in the MPAs. This seems reasonable
given that the density of small recruiting fishes (prey
for E. merra) is 5 to 8 times higher in the MPAs than
in the non-MPAs (Dixson et al. 2014). The enriched
isotopic signal in fish from the MPAs may result from
greater prey choice and availability in those areas.
This is despite the likelihood of higher competition
and predation in the MPAs, as densities of Epineph-
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Fig. 3. Isotopic cross plot showing the relationship between fish nitrogen
(δ15N) and carbon (δ13C) (mean ±1 SE) by village and protection status.
Symbols, analyses and site ab breviations as in Fig. 2; analysis by blocked
ANOVA found that fish from the marine protected areas were significantly 

enriched in 13C (p < 0.001) and 15N (p < 0.001)

Fig. 4. Mean (±1 SE) fish total length and mean nitrogen iso-
topic composition (δ15N) in each site; N is shown in paren-
theses at the base of each bar. The gray columns are the pro-
tected sites in each village; site abbreviations as in Fig. 2.
Analysis by blocked ANOVA found that individuals from
the marine protected area were significantly smaller (p = 

0.036) and significantly enriched in 15N (p < 0.001)
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elus spp. specifically (Clements et al. 2012) and pisci-
vores generally (R. M. Bonaldo pers. comm.) were sig-
nificantly higher in the MPAs.

A study of 7 individuals in New Caledonia (also
using brown macroalgae as indicative of the basal
trophic level) estimated E. merra’s trophic position to
be 2.5 to 2.9 (Carassou et al. 2008). No mention was
made regarding protection status or fishing pressure
in their sites, but our data suggest that they may have
been sourced from reefs where their diet was more
reliant on invertebrates than on fishes.

There are alternative, but improbable, explana-
tions for the higher δ15N and consequent estimate of
trophic position in E. merra from the MPAs. First, this
difference in isotopic signature could result from dif-
fering physical and chemical environments. This
seems unlikely because these reef flat sites are all of
similar depth and distance from shore and are inter-
spersed within an 11 km stretch of continuous coast-
line that is subject to the same oceanic waters and
similar terrestrial inputs. Furthermore, analysis of
algal δ15N by blocked ANOVA failed to find any sig-
nificant differences among these sites, and intra-
 village comparisons were also not significant (inde-
pendent samples t-tests p = 0.180 for Votua and p =
0.260 for Vatu-o-lailai) (Fig. 1). In addition, the MPAs
were far smaller in area than the corresponding non-
MPAs, so a positive relationship between trophic
position and volume, as reported by Post et al. (2000),
would not have produced our results.

Second, E. merra has been reported to shift from
a crustacean-rich to a fish-rich diet as it grows
(Harmelin-Vivien & Bouchon 1976). Thus, a higher
δ15N may be expected from larger individuals. How-
ever in our study, the fish from the non-MPAs were
slightly larger (blocked ANOVA p = 0.036) and were
significantly less enriched in 15N. Indeed, the site
with the largest fish, Namada’s non-MPA, also had
the lowest δ15N of all 6 sites; thus, differences in fish
size within the range we investigated cannot have
generated our findings and indeed may have re -
duced the magnitude of isotopic difference we docu-
mented between MPA and non-MPA sites. Never-
theless, it was surprising to find that the fish from the
MPAs were shorter in length; this may be related to
lower growth rate in those areas with higher trophic
level consumers and greater risk of predation, as
reported by Stallings (2008).

Harmelin-Vivien & Bouchon (1976) found that the
diet of E. merra between 6 and 9 cm in length con-
tained only 35% fish, while individuals between 10
and 24 cm consumed fish as 68% of the diet. Every
fish in our study was from the latter size class, so we

would expect a comparable diet, and thus isotopic
signature, in all individuals if they had equal access
to prey. This makes the significant difference in iso-
topic ratio all the more interesting, as it suggests that
diet is not determined by consumer length within the
size range we sampled. Moreover, regressions of fish
total length against isotopic signatures found low
beta coefficients that were not significantly different
from zero. In addition, the r2 values of 0.001 and
0.005 suggest no relationship, as do plots of fish total
length versus isotopic signature (Figs. S1 & S2 in the
Supplement at www.int-res.com/articles/suppl/ m540
p227_supp.pdf).

Finally, although we did not examine fish gender, it
is unlikely that this would have confounded our
results because E. merra is a protogynous hermaph-
rodite. Pothin et al. (2004) found 75% of individuals
smaller than 23.5 cm to be female, and since our
largest specimen was 20.1 cm long, it is probable that
most, if not all, specimens in our study were female.

Thus, it seems that human activities like fishing
can simplify habitats and communities and, in this
case, limit trophic options and lower the isotopic sig-
nature of the mid-level consumer E. merra. The
establishment and enforcement of MPAs can cause
dramatic changes in species diversity, abundance,
biomass (Russ et al. 2008, Lester et al. 2009, Rasher et
al. 2013), growth rate (Stallings 2008), recruitment
(Dixson et al. 2014), longevity, and age at sexual
maturity (McClanahan & Omukoto 2011). Here, we
see that feeding biology and trophic level are also
impacted. The greater prey choice and availability
for E. merra in the MPAs may indicate more complete
food webs there. This is in agreement with other
reports of a return of trophic links in response to pro-
tecting large predators (Shears & Babcock 2002).
Briand & Cohen (1987) found ecosystem dimension-
ality to be a significant factor in food chain length,
with longer food chains found in ecosystems of greater
topographic complexity. The coral-dominated MPAs
are more topographically complex than the seaweed-
dominated fished areas, so MPAs in these villages
may enhance community integrity and food chain
length as well as prevent direct removal of species
through overharvesting. More research is necessary
to support this hypothesis, but it is an exciting possi-
bility. Stable isotope analysis of relatively site-
attached mid-level carnivores (such as small grouper
or possibly lizardfish) may thus be able to provide a
simple, integrative means of assessing food web
integrity and efficacy of MPAs. Extension of this
approach to additional species and locations will pro-
vide a critical test of this hypothesis.
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In summary, stable isotope analysis indicates that a
common mid-level predator on Pacific coral reefs fed
higher in the food chain when living in well-enforced
MPAs than when living in fished areas only a few
hundred meters away. This did not appear to be
related to environmental differences or to onto -
genetic shifts in diet, as the fish in the MPAs were
slightly, but significantly, smaller. Fish collected from
the 3 MPAs we investigated were feeding about half
a trophic level higher than conspecifics in the adja-
cent non-MPAs. Establishment of MPAs may thus not
only enhance fish biomass and species richness but
may also impact the trophic function of some fishes.
Here, we investigated only 1 mid-level consumer, but
if the values we documented for E. merra are a
reflection of the local food web, then it is possible
that this is not just a species trait but one generated
by altered food web structure. Stable isotope analysis
could thus provide a rough measure of community
integrity in such scenarios. Investigations of more
species and locations will be needed to rigorously
evaluate this possibility.
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