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INTRODUCTION

Investigating resource use among closely related
species with overlapping distributions helps define
how competition and prey selection influence eco-
system dynamics (Harper et al. 1961). Sympatric spe-
cies generally compete for resources, share re sour -
ces, or exploit different resources to survive and
reproduce (Schoener 1983). Resultant interactions
have the potential to shape community structure and
productivity within an ecosystem by influencing food
web dynamics, population trends, and habitat selec-
tion (e.g. McPhail 1993, Harmon et al. 2009, Chris-

tiansen et al. 2012, Gaston & Elliott 2014). By incor-
porating different resource pools or partitioning
them to reduce competition, similar species are able
to co-exist within distinct ecological niches (Schoe -
ner 1974, Ross 1986). The niche of an organism de -
lineates an animal’s place in its community, mainly
in relation to interactions between its predators and
prey (Elton 1927). Therefore, an ecological niche is
primarily driven by competition for resources and
feeding interactions among organisms, although
other factors such as physiological constraints may
contribute (Hilborn & Stearns 1982, Ross 1986).
Given the close tie between trophic structure and the
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functional role of an animal in the community, study-
ing foraging patterns is useful to differentiate ecolo -
gical (or trophic) niches between sympatric species.

Knowledge of resource-use overlap between sym-
patric species is important from an ecological context
but also has significant bearing on management and
conservation of exploited species. Closely related
species are often treated as single stocks due to simi-
lar morphology and distribution (Heupel et al. 2010).
Grouping sympatric species for management pur-
poses can be problematic because life history traits
and population dynamics are often different (Currey
et al. 2013). Therefore, fishery assessments (e.g.
based on the demography and population status)
such as calculating catch and size limits or delineat-
ing essential habitats may be erroneous or biased to
the more abundant or ‘better’ studied species. The
coral trout species complex is a prime example. Coral
trout Plectropomus spp. and Variola spp. are the
main commercial fishery target in the Great Barrier
Reef, Australia, and other Indo-Pacific regions (Map-
stone et al. 2004). The complex consists of several
species, but fishery data are often compiled as one
stock despite varying life history traits. For example,
P. laevis matures at a younger age (~1 yr) and grows
larger (~100 cm max. length) than the more abun-
dant and widespread P. leopardus (matures at 2 to
3 yr; ~60 cm max. length) (Ferreira 1995, Heupel et
al. 2010). Additionally, P. laevis undergoes a drama -
tic colour transition from footballer (white/yellow/
black) to blue-spot (dark with large blue spots) phase
upon reaching ~30 cm (~1:1 footballer:blue-spot at
50 cm; Heupel et al. 2010). Both species overlap in
distribution, but little is known about resource and
habitat selection, particularly for P. laevis, which
remains poorly studied.

Stable isotope analysis is an increasingly utilised
technique to investigate foraging patterns and esti-
mate the niche of aquatic animals (e.g. Espinoza et
al. 2015, Munroe et al. 2015). Carbon (δ13C) and
nitrogen (δ15N) stable isotopes are used as biological
tracers of diet and habitat because they track tissue
assimilation from prey to consumer. Specifically,
there is a predictable change in bulk δ13C and δ15N
values at each trophic level, and these changes are
used to estimate trophic position (Michener & Schell
1994, Hussey et al. 2014), prey composition (Layman
et al. 2012), and basal sources of carbon and nitrogen
in a particular food chain (France 1995, Hobson
1999). As a result, isotopic niche space can be deter-
mined (e.g. in a δ13C−δ15N bi-plot) reflecting trophic
structure and habitat selection. Moreover, isotopic
niche provides an indication of the breadth (or iso-

tope range) of resource use and provides insight into
the variability of the isotopic composition or type of
prey (Bearhop et al. 2004). Overlap in bulk isotopic
niche space can further be compared between spe-
cies (or populations) to quantify differences in re -
source exploitation (Layman et al. 2007, Kolasinski et
al. 2016).

Using bulk stable isotopes to understand temporal
and/or spatial variation associated with trophic struc-
ture is often complicated by variable sources of car-
bon and nitrogen at the base of the food web. This
can be caused by factors such as temperature, depth,
seasonal nutrient fluxes, sewage and agricultural
run-off, and regional upwelling, among others (see
McMahon et al. 2013 for review). As a result, the util-
ity of spatial or temporal comparisons is limited
unless baseline δ13C and δ15N are standardised be -
tween sampling periods or locations (Tamelander et al.
2009, Espinoza et al. 2015, Munroe et al. 2015). This
can be facilitated by calculating trophic position of
individuals using stable isotope data relevant to each
sampling location and time period. Alternatively, in -
sight into temporal variation in diet can be elucidated
by examining isotopic differences be tween different
tissues. Protein turnover is a main de terminant of iso-
topic turnover rate in consumers; hence, tissues with
different metabolic pathways present different rates
of stable isotope incorporation (Carleton & Martínez
del Rio et al. 2009). For example, the half-life turn-
over of δ15N in liver, fin, plasma, red blood cells
(RBC), and muscle of P. leopardus is ~21, 37, 66, 88,
and 126 d, respectively (Matley et al. 2016a). By util-
ising multiple tissues from the same individual or
comparing trends between species or populations, it
is possible to determine how the integration of
dietary carbon and nitrogen (and hence foraging pat-
terns) has changed over time (e.g. Eberts et al. 2016).

This study investigated variation in feeding eco -
logy within and between P. leopardus and P. laevis
using δ13C and δ15N to better understand how these
closely related and co-occurring species partition re -
sources. The main objectives of this study were to (1)
quantify isotope niche segregation/overlap between
P. leopardus and P. laevis at several reefs where they
co-occur, (2) compare between-species niche varia-
tion temporally by sampling tissues that represent
different diet assimilation periods, and (3) examine
temporal and spatial isotopic patterns of P. leopardus
between sampling periods and reefs after correcting
for baseline isotopic variation. This study is the first
to compare resource use of these 2 sympatric species,
both integral parts of reef fisheries in the Indo-
Pacific. A species-specific understanding of ecologi-
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cal niches is a necessary preliminary step enabling
more directed biodiversity and conservation initia-
tives (e.g. marine protected areas) for this species
group.

MATERIALS AND METHODS

Study area and sample collection

Plectropomus leopardus (n = 117) and P. laevis (n =
39) were collected at Lodestone, Helix, Yankee, and
Coil reefs in the Great Barrier Reef Marine Park
(GBRMP; 18° 37’ 25”S; 147°17’45”E; Fig. 1), Aus-
tralia between August 2013 and February 2014
(Table 1). These lo cations are middle to outer shelf
reefs of varying morphology (patch, crescentric, and
planar) oriented in a cross-shelf northeast direction
(Fig. 1). Generally, at each reef, the reef slope, con-
sisting of various coral cover and structures, drops to
~15 m, then changes into a gently sloping reef base
of mostly sand and rubble. Lodestone Reef is open to
commercial and recreational line fishing, whereas
Helix, Yankee, and Coil reefs are closed to fishing.

Coral trout were collected using a speargun while
diving with SCUBA. All individuals were captured

from <15 m deep along the reef slope, placed in a
catch-bag, and floated to the surface, where collec -
ted by an awaiting vessel. Five tissues (liver, plasma,
RBC, fin, and muscle) were sampled from each indi-
vidual to identify temporal variation in isotopic pat-
terns between species. Approximately 2 ml of blood
was immediately taken from the 2nd or 3rd gill arch
using a 23 gauge sterile needle. Whole blood was
transferred to a sterile vial and centrifuged for ~5 min
(Imbros PC100 Micro Centrifuge). Plasma solutes
were pipetted (Eppendorf Research® plus 10 to
100 μl) into another sterile vial. The remaining bot-
tom plasma layer and the top layer of blood compo-
nents, including white blood cells, were discarded,
leaving only RBC. Vials were stored on ice, then
transferred to a −20°C freezer in <1 h. Dorsal white
muscle and liver tissue (~4 cm3) as well as caudal fin
membrane along the exterior margin (~2 cm2) were
removed from each individual with forceps and scis-
sors (washed with distilled water between tissues
and individuals), transferred to sterile vials, and
frozen. Regurgitated prey and stomachs were also
collected and frozen.

In addition, coral (Pocillopora damicornis and P.
verrucosa), macroalgae (Chlorodesmis spp. and
 Halimeda spp.), plankton, and the planktivorous
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Fig. 1. Sampling locations (Lodestone, Helix, Yankee, and Coil reefs) in the Great Barrier Reef Marine Park, Australia
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fusilier Caesio teres were collected at sampling reefs/
periods to control for variation in baseline stable iso-
tope values (see Table S1 in Supplement 1 at www.
int-res.com/articles/ suppl/ m563 p197_ supp. pdf). An cil -
lary species collection was limited by sampling/time
constraints; therefore, only a fragmented representa-
tion of the reef food web was examined. Coral was
collected by removing a small fragment from inde-
pendent colonies with pliers. A handful of macro-
algae was similarly collected with cutters. Plankton
(phytoplankton and zooplankton) was collected in
20 ml vials using a 63 μm net held ~5 m deep for
15 min when the main vessel was stationary. Muscle
tissue was collected from speared fusiliers. Samples
were frozen (−20°C) after collection until laboratory
processing.

Laboratory processing and stable isotope analysis

Based on previous research (Matley et al. 2016a),
plasma, RBC, and muscle were selected for stable
isotope analysis because they best represented
medium- (plasma δ15N half-life < 70 d) and long-term
(RBC and muscle δ15N half-life > 80 d) diet assimila-
tion. Plasma, RBC, and muscle from coral trout were
freeze-dried for 48 h and ground into a fine powder
with a mortar and pestle for analysis. Coral tissue
(zooxanthellae and animal tissue) was removed from
the frozen coral skeleton with a modified airbrush
connected to a dive cylinder containing compressed
air. Tissues were air-brushed into a small bag con-
taining distilled water. Water was removed from the
sample after contents were poured onto 70 mm filter
paper (Whatman Glass Microfilters GF/F) placed in a
vacuum filtration system. Similarly, vials containing
plankton were thawed and rinsed (distilled water)
onto filter paper. Coral tissue, plankton (on filter
paper) and macroalgae (in petri dishes) were oven-
dried (60°C) for 48 h then ground into a powder.

Prior to analysis, some tissues were chemically
treated to remove lipids or inorganic carbonates,
known to bias δ13C values (see Post et al. 2007,
Schlacher & Connolly 2014). Lipids were removed
from plasma, RBC, muscle (of coral trout and C.
teres), and coral tissues following McMeans et al.
(2009) by adding a 5 ml 2:1 chloroform:methanol sol-
vent to a <1 g subsample, vortexing for 30 s, and
leaving for 24 h in a 30°C water bath. Afterward, an -
other 5 ml of solvent was added, vortexed, and
poured out, and the tissue was left to dry for 24 h.
Coral, macroalgae, and plankton samples were acid-
treated following Kennedy et al. (2005) to remove

inorganic carbonates by adding a few drops of 1 M
hydrochloric acid into silver cups (with sample) until
effervescence ceased. If carbonates remained (as
indicated by effervescence), the procedure was re -
peated the next day after oven-drying samples
overnight. A subsample of Chlorodesmis spp. was
HCl-treated but showed no presence of carbonates;
as a result, they were not acid-treated. The addition
of HCl to samples might bias δ15N values (Schlacher
& Connolly 2014); therefore, untreated coral, macro-
algae, and plankton samples were also analyzed sep-
arately for δ15N values.

Tissues (400 to 1500 μg) were weighed into tin or
silver capsules, and δ13C and δ15N levels were deter-
mined using a continuous flow isotope ratio mass
spectrometer (Finnigan MAT Deltaplus, Thermo -
Finnigan) equipped with a Costech Elemental Ana-
lyzer (Costech Analytical Technologies). Every 12th

sample was run in triplicate to assess precision,
where the standard deviations (SD) of δ13C and δ15N
were generally <0.2 and <0.1‰, respectively. Fur-
ther, laboratory and Na tional Institute of Standards
and Technology (NIST; Gaithersburg, MD) standards
were analyzed every 12 samples. Analytical preci-
sion (SD) for NIST standard 8414 (bovine liver, n =
130) and an internal laboratory standard (tilapia
muscle, n = 130) for δ13C were 0.05 and 0.07‰,
respectively, and for δ15N were 0.16 and 0.13‰,
respectively. Accuracy was checked monthly using
certified urea (n = 120) and was within 0.16 and
0.05‰ of mean calculated values for δ13C and δ15N.

Visual inspection of gut contents and regurgitated
prey was conducted as a supplement to stable iso-
tope results. Stomachs were thawed and cut open,
and prey were identified, when possible, using Ran-
dall et al. (1997) and Froese & Pauly (2016) as refer-
ence materials. The contributions of different prey,
grouped to family, were quantified using percent
composition (Ni) following:

Ni (%) = (ni/nt) × 100 (1)

where ni represents the number of prey in family i,
and nt represents the total number of prey from all
families.

Statistical analysis

Initially, to explore the relationship between mus-
cle δ13C or δ15N and fish size (fork length) where
P. leopardus and P. laevis (footballer and blue-spot
phases) co-occurred (Helix, Yankee, and Coil reefs),
a least-squares linear regression was done for each
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species and phase. Colour phases of P. laevis were
investigated separately based on correlations with
size (Heupel et al. 2010) which may influence feed-
ing patterns. Stable isotope niche size and overlap
was assessed using the R package SIAR (Parnell et al.
2010) in R v.3.0.2 (R Development Core Team 2014),
following Jackson et al. (2011). Bayesian standard
ellipses, corrected for small sample sizes and repre-
senting the ‘typical’ niche breadth of individuals
(Jackson et al. 2011, Layman & Allgeier 2012), were
plotted on an isotope bi-plot for each corresponding
tissue, reef, and period. The ellipses of different spe-
cies or phases were only compared based on Novem-
ber 2013 samples because P. laevis, which are less
abundant than P. leopardus, were specifically tar-
geted during that period, in addition to P. leopardus.
Areas of each corrected standard ellipse (SEAC) were
determined, as well as the area of ellipse overlap be -
tween species or phases. Niche overlap was then cal-
culated as the average percentage of isotopic space
shared by each species or phase based on SEAC val-
ues and the area of ellipse overlap. Niche overlap
was considered significant when the shared isotopic
space between species or phases was >60% — a simi-
lar criterion was used by Schoener (1968) for dietary
overlap. Differences in SEAC size were considered
significant when ≥95% of posterior draws (104) for
one species or phase were smaller than the other.
This metric was used as a proxy to indicate if species
or phases used a narrower (or broader) subset of
resources based on isotopic composition.

The trophic position (TP) of P. leopardus was de -
termined for each individual using baseline pro-
ducer and  consumer values that best represented
possible carbon sources in the diet (see Supplement 2
at www.int-res.com/articles/ suppl/ m563 p197_ supp.
pdf) following:

(2)

where Δδ15Nconsumer-baseline is the difference in δ15N
values between P. leopardus and the corresponding
mean baseline value; DTDFδ15

N is the δ15N diet-tissue
discrimination factor calculated for P. leopardus
(muscle: 1.8‰; Matley et al. 2016a); and TPbaseline is
the assigned trophic position of the selected baseline
organisms (Halimeda spp.: Tp = 1; C. teres: Tp = 3;
see Supplement 2). To facilitate comparison of P.
leopardus stable isotopes between different locations
and periods, TPconsumer calculations were adjusted
using δ15N values specific to each reef and date
when possible. Additionally, scaled TP (TPscaled) esti-
mates were explored as an alternative to TPconsumer

(cal culated in Eq. 2) because the latter calculation
does not account for the proportional decrease in
 Δδ15Nconsumer–baseline with increasing trophic transfer
or prey δ15N, and simply uses a constant DTDF (see
Hussey et al. 2014):

(3)

where δ15Nlim represents the saturating isotope limit
as TP increases, occurring when rates of 15N and 14N
uptake equal those of 15N and 14N elimination and
determined through meta-analysis for fish (21.93‰);
and k is the rate at which δ15Nconsumer approaches
δ15Nlim per trophic transfer (0.14; Hussey et al. 2014).
For application, TPscaled was designed using discrete
trophic levels of baseline consumers (TPbaseline = 2 or
3) from different marine ecosystems; consequently,
the absolute values of TPscaled may not be accurate for
all baseline groups used in this study (e.g. TPbaseline

= 1). Nevertheless, TPscaled and TPconsumer were used
to standardise P. leopardus δ15N values across loca-
tions and periods, not as distinct identifiers of TP in
the reef ecosystem. A general linear model (GLM)
investigated the influence of location, period, and
fork length (and its interactions with location and
period) on adjusted TPs to determine if feeding
regime differed. Analysis of variance (ANOVA) fol-
lowed by Tukey’s HSD was applied to adjusted TPs
to identify where periods or locations differed. Model
residuals were verified for normality and hetero-
geneity using diagnostic plots, and analyses were
considered significant when p < 0.05.

RESULTS

Overall, Plectropomus leopardus had higher δ15N
and lower δ13C values compared to both phases of P.
laevis (Fig. 2, Fig. 3). Isotopic niche breadth of P.
leopardus and P. laevis (footballer and blue-spot ana-
lyzed separately) at each location were mostly simi-
lar, except P. leopardus SEAC was smaller than P. lae-
vis (blue-spot) at Helix Reef for all tissues, and SEAC

of blue-spot was smaller than P. leopardus at Yankee
Reef for plasma (Fig. 2, Table 1). Standard ellipses
(and SEAC) were not calculated for footballer P. lae-
vis at Helix Reef (for all tissues) and Coil Reef (for
RBC and plasma) due to small sample size. At Yan-
kee Reef, footballer had similar SEAC to blue-spot
and P. leopardus for all tissues, although muscle
SEAC of blue-spot at Coil Reef was smaller than that
of footballer. Shared niche overlaps among standard
ellipses of P. leopardus and P. laevis (including both

= δ − δ
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phases) were not significant (<60% shared overlap;
Table 2). Specifically, blue-spot P. laevis rarely over-
lapped with P. leopardus (except at Yankee Reef
where overlap was <23%; Fig. 2, Table 2). In con-
trast, P. laevis (footballer) shared more ellipse area
for most tissues — up to 47% and 44% of isotopic
niche breadth with P. leopardus and P. laevis (blue-
spot), respectively (Fig. 2, Table 2).

As described above, isotopic patterns between tis-
sues were typically the same at each reef (Fig. 2); con-
sequently, only muscle was used for analyses re lating
to trophic position and fish size. Mean P. leo pardus
muscle δ15N and δ13C differed among sampling peri-
ods and locations as much as ~1‰ and 1.5‰, respec-
tively (Table 1). To correct for these differences and
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Fig. 2. Stable isotope (δ15N/δ13C) niche breadth of sympatric Plectropomus leopardus and P. laevis (footballer and blue-spot
colour phases separated) sampled from muscle, red blood cells (RBC), and plasma tissues at Helix, Yankee, and Coil reefs 

during November 2013 as indicated by Bayesian standard ellipses

Fig. 3. Mean (±SE) δ15N vs. δ13C bi-plot of sympatric coral
trout Plectropomus leopardus and P. laevis (including colour
phases of P. laevis) muscle tissue sampled during November 

2013 at Helix, Yankee, and Coil reefs



Matley et al.: Trophic niche of sympatric coral trout

facilitate comparison between samples, TP estimates
were calculated using reef- and period-specific δ15N
values from Halimeda spp. (macroalgae) and Caesio
teres (planktivore). These were selected as baseline
organisms because they best represented potential
sources of carbon in the food web (see Supplement 2).
Analysis of Halimeda spp. TP was conducted using
TPscaled (sufficient samples were collected from No-
vember 2013 [Lodestone, Helix, and Coil reefs] and
February 2014 [Lodestone and Helix reefs]) to
account for narrowing δ15N discrimination with in-
creasing prey δ15N (Hussey et al. 2014). In contrast,
TPconsumer was used for C. teres TP comparisons (suffi-

cient samples were collected from November 2013
and February 2014 at Lodestone and Helix reefs) be-
cause DTDFs have specifically been calculated for P.
leopardus when consuming a similar diet of fish (Mat-
ley et al. 2016a). The GLM for Hali meda spp. showed
that location was a significant  factor affecting TPscaled

of P. leopardus (ANOVA, F2,86 = 11.5, p < 0.01),
whereas for C. teres, location (ANOVA, F1,66 = 4.6, p =
0.04) and sampling period (ANOVA, F1,66 = 4.8, p =
0.03) both significantly in fluenced TPconsumer of P.
leopardus. Tukey’s post hoc tests for both Halimeda
spp. TPscaled and C. teres TPconsumer showed that TP at
Lodestone Reef in November 2013 was lower than at
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Tissue Species (phase) Date Reef n δ13C (‰) δ15N (‰) SEAc size

Plasma P. leopardus November 2013 Lodestone 14 −15.8 ± 0.2 10.9 ± 0.1 0.89
Helix 14 −16.3 ± 0.1 11.7 ± 0.1 0.25
Yankee 15 −15.1 ± 0.4 11.0 ± 0.2 3.60
Coil 10 −14.6 ± 0.3 10.7 ± 0.2 1.82

February 2014 Lodestone 8 −15.5 ± 0.4 10.3 ± 0.1 1.54
Helix 19 −15.8 ± 0.3 10.7 ± 0.1 1.40

P. laevis November 2013 Helix 3 −13.2 ± 0.9 10.6 ± 0.3 4.71
(blue-spot) Yankee 9 −12.7 ± 0.3 10.3 ± 0.1 0.85

Coil 16 −12.4 ± 0.3 10.3 ± 0.1 1.91

P. laevis November 2013 Helix 1 −16.4 11.3 nd
(footballer) Yankee 4 −13.3 ± 0.3 10.2 ± 0.2 0.86

Coil 1 −15.5 10.5 nd

RBC P. leopardus November 2013 Lodestone 14 −16.4 ± 0.4 9.8 ± 0.1 3.40
Helix 18 −17.0 ± 0.1 10.3 ± 0.1 0.30
Yankee 16 −15.3 ± 0.2 9.7 ± 0.1 0.78
Coil 15 −15.4 ± 0.3 9.8 ± 0.2 1.78

February 2014 Lodestone 10 −16.6 ± 0.3 9.3 ± 0.1 1.06
Helix 20 −17.0 ± 0.2 9.8 ± 0.1 0.96

P. laevis November 2013 Helix 3 −14.5 ± 0.6 9.7 ± 0.2 1.47
(blue-spot) Yankee 9 −13.9 ± 0.3 9.2 ± 0.1 1.15

Coil 15 −12.8 ± 0.3 9.2 ± 0.1 1.29

P. laevis November 2013 Yankee 5 −14.9 ± 0.2 9.3 ± 0.1 0.24
(footballer) Coil 2 −14.5 ± 1.1 9.7 ± 0.5 nd

Muscle P. leopardus August 2013 Helix 11 −14.8 ± 0.4 11.1 ± 0.1 1.40
November 2013 Lodestone 16 −15.2 ± 0.4 10.8 ± 0.1 1.97

Helix 19 −16.0 ± 0.1 11.4 ± 0.1 0.22
Yankee 19 −14.8 ± 0.4 10.6 ± 0.1 1.06
Coil 20 −14.7 ± 0.3 10.6 ± 0.1 0.74

February 2014 Lodestone 11 −15.3 ± 0.3 11.2 ± 0.1 0.97
Helix 21 −15.8 ± 0.2 10.9 ± 0.1 0.93

P. laevis November 2013 Helix 3 −13.8 ± 0.7 10.3 ± 0.1 0.25
(blue-spot) Yankee 9 −13.4 ± 0.4 10.3 ± 0.1 0.82

Coil 16 −12.5 ± 0.2 9.9 ± 0.1 0.69

P. laevis November 2013 Yankee 5 −14.2 ± 0.2 10.4 ± 0.1 0.55
(footballer) Coil 3 −13.6 ± 0.6 10.1 ± 0.2 1.13

Table 1. Mean (±SE) stable isotope (δ15N, δ13C) values (‰) from Plectropomus leopardus and P. laevis (blue-spot and footballer
colour phases separately) muscle, red blood cells (RBC), and plasma tissues sampled at 4 reefs between August 2013 and
 February 2014 along with the respective area of each corrected standard ellipse (SEAC) on an isotope bi-plot. nd: not determined
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Lodestone Reef in February 2014 and at Helix Reef
(in 2013 and 2014; Fig. 4). Similarly, muscle δ15N val-
ues of P. leopardus were lower in November 2013 at
Lodestone Reef, but higher in No vember 2013 at He-
lix Reef compared to February 2014 (Fig. 5). At Lode-
stone Reef, δ15N values were typically higher in Feb-

ruary 2014 in muscle; however, in RBC and plasma,
the opposite pattern occurred where November 2013
δ15N values were higher (Fig. 5). The niche breadth of
P. leopardus tissues at Lodestone Reef was similar be-
tween sampling periods but was smaller at Helix Reef
during November 2013 compared to the other periods
(p < 0.05; Table 1).

There was no significant relationship between
muscle δ15N (df = 56, r2 = 0.02, p = 0.17) or δ13C (df =
56, r2 = 0.01, p = 0.18) and fork length in P. leopardus
at Helix, Yankee, and Coil reefs during November
2013 (Fig. 6a,b). Size of P. laevis had no effect on δ15N
(df = 35, r2 = 0.01, p = 0.55) (Fig. 6c). There was a sig-
nificant positive trend in muscle δ13C (df = 35, r2 =
0.10, p = 0.04) and fork length; however, when the
colour phases were separated, neither was signifi-
cant (p > 0.05; Fig. 6d). Also, length was not a con-
tributing factor to TP estimates when applied as a
single factor (Fig. 7) or as an interaction with sam-
pling location and period (p > 0.05).

Only a small number of individuals had identifiable
gut contents (P. leopardus: 18 of 141; P. laevis: 5 of
43). Of these, the primary prey families were Poma-
centridae (Ni = 26%), Labridae (Ni = 30%), and Cae-
sionidae (Ni = 35%) (Table S2 in Supplement 3 at
www.int-res.com/articles/suppl/m562 p197 _ supp. pdf).
One prey item was typically found in each stomach
with a few exceptions (Table S2).

DISCUSSION

In addition to biological and life history differences
that may influence exploitation of co-occurring fish
species (e.g. Schindler et al. 2002, Currey et al. 2013),
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Fig. 4. Mean (±1 SE) trophic position (TP) of Plectropomus
leopardus calculated from (a) Halimeda spp. (TPscaled) and
(b) Caesio teres (TPconsumer) as baseline organisms (see Eqs. 2
& 3). ANOVA and Tukey's post-hoc tested for differ -
ences among sampling dates (November 2013 and February
2014) and reefs (Lodestone, Helix, and Coil) as indicated
by representative symbols (asterisk and dagger) above each 

TP estimate

Reef Tissue P. leopardus vs. P. leopardus vs. P. laevis (blue-spot) vs. 
P. laevis (footballer) P. laevis (blue-spot) P. laevis (footballer)

% overlap Prob. size difference %overlap Prob. size difference %overlap Prob. size difference 

Helix Muscle nd nd 0 0.99 nd nd
RBC nd nd 0 0.99 nd nd
Plasma nd nd 0 1.00 nd nd

Yankee Muscle 47 (32, 62) 0.36 21 (18, 23) 0.49 41 (33, 49) 0.38
RBC 24 (11, 36) 0.60 16 (19, 13) 0.76 32 (11, 53) 0.38
Plasma 0 0.13 0 0.02 44 (44, 43) 0.66

Coil Muscle 14 (16, 11) 0.86 0 0.22 42 (53, 32) 0.98
RBC nd nd 0 0.25 nd nd
Plasma nd nd 0 0.49 nd nd

Table 2. Shared percent (%) overlap and the probability of size differences (i.e. second species/phase is smaller than first one) be-
tween Bayesian standard ellipses (derived from δ15N/δ13C values) of Plectropomus leopardus and P. laevis (including footballer
and blue-spot colour phases). First and second values in parentheses are the total shared area as a percentage of the total area of
the first and second species/phase, respectively. Shared overlap was considered significant if >60%. Bold: probability (Prob.) 

is >0.95 or <0.05. nd: not determined

http://www.int-res.com/articles/suppl/m563p197_supp.pdf
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Fig. 5. Stable isotope (δ15N vs. δ13C) niche breadth of Plectropomus leopardus sampled from muscle, red blood cells (RBC), and
plasma tissues at Lodestone and Helix reefs during August 2013, November 2013, and February 2014 as indicated by Bayesian 

standard ellipses

Fig. 6. Muscle (a,c) δ15N and (b,d) δ13C values (‰), plotted with fork length of (a,b) Plectropomus leopardus and (c,d) P. laevis at
Helix,  Yankee, and Coil reefs (where they co-occurred). Blue-spot and footballer P. laevis are separated. A significant positive
relationship was only determined for δ13C vs. fork length of P. laevis when colour phases were pooled (df = 35, r2 = 0.10, p = 0.04)



Mar Ecol Prog Ser 563: 197–210, 2017

behaviour patterns can alter exposure and susceptibil-
ity to human-induced pressures (e.g. Januchows ki-
Hartley et al. 2011, Tobin et al. 2013). Behavioural in-
teractions between sympatric species can also drive
ecosystem dynamics and influence how re sources are
used in different habitats and seasons (Davis et al.
2015, Eberts et al. 2016). As a result, understanding
the trophic niche of sympatric species and spatio-tem-
poral changes in their feeding patterns is important for
effective management of multi-species fisheries. This
study explored 3 main objectives relating to resource
use of 2 sympatric coral trout species. First, between-
species comparisons of stable isotope values at 3 reefs
showed that Plectro pomus leopardus occupied a dis-
tinct isotopic niche from blue-spot P. laevis, whereas
the niche space of footballer P. laevis overlapped
evenly between blue-spots and P. leopardus. Second,
the above trends were consistent across the tissues
sampled, suggesting relatively consistent foraging
patterns through time (as reflected by tissue-specific
turnover rates). Third, after accounting for baseline
isotopic variation in the reef ecosystem, spatio-tempo-
ral investigation of P. leopardus trophic position re-
vealed a reef- specific seasonal diet change, but more
research is required to further support this finding.

Comparison of trophic niche 
between P. leopardus and P. laevis

Separation in δ15N and δ13C values between P. leo -
pardus and P. laevis demonstrated that resource use
differed widely between species. Patterns were simi-
lar not only between reefs but also for tissues sam-
pled. Because sampling for species comparisons was
only conducted in November 2013, there was no con-
founding temporal factor associated with the find-
ings. Although sampling only included 1 period, use
of multiple tissues provided an indication of dietary
changes through time. For example, the time needed
for adult P. leopardus to incorporate between 50 and
95% of prey δ15N values (i.e. turnover rate) is ~66−
283, 88−380, and 126−543 d for plasma, RBC, and
muscle tissue, respectively (Matley et al. 2016a).
Based on these estimates, it is reasonable to conclude
that general feeding patterns and differences be -
tween species were comparable throughout the year
prior to sampling. Nevertheless, a larger sample size
is required to further explore seasonal patterns
within and between species, but is difficult especially
for P. laevis because it is less abundant than P. leop-
ardus. Differences in δ13C values between species or
phase indicated that baseline carbon sources and
feeding habitat varied. Lower δ13C values suggest
that P. leopardus consumed a larger proportion of
prey with pelagic carbon sources compared to the
benthic-derived diet of P. laevis. The extent of these
prey selection patterns could not strictly be verified
by gut content analysis given the low rate of identifi-
able remains (both algal- and planktonic-derived
prey found) in both species. Supplementary diet data
for P. laevis are limited, but pelagic prey (e.g. Cae-
sionidae, Clupeidae, Engraulidae, and some Poma-
centridae) are commonly consumed by P. leopardus
(Kingsford 1992, St. John 1999, Frisch et al. 2014).
Despite the limited dietary data, differences in move-
ment patterns and space use between P. leopardus
and P. laevis are major: P. laevis typically uses ~3-fold
greater horizontal area and often remains shallower
than P. leopardus throughout the day (Matley et al.
2016b). The distinct movement patterns suggest
 separate energetic requirements or modes to select
and capture prey, both of which could influence
dietary and isotopic differences.

The 2 colour phases of P. laevis (footballer and
blue-spot) were separated to explore whether colour
transition influenced isotopic niche space. Bayesian
standard ellipses for the footballer phase were typi-
cally intermediary between blue-spot phase and P.
leopardus, with contiguous area generally overlap-
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Fig. 7. Linear regression examining the relationship be-
tween (a) Halimeda spp. (TPscaled) and (b) Caesio teres
(TP-consumer) and fork length of Plectropomus leopardus. Nei-
ther relationship was significant (p > 0.05). Reefs (Lode-
stone, Helix, and Coil) and sampling dates (November 2013 

and February 2014) were combined
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ping equally between the two. This pattern may indi-
cate a transition between feeding regimes, where
footballers feed similarly to P. leopardus prior to
changing colour and occupying a distinct niche as a
blue-spot. Interestingly, this isotopic difference ap -
pears to occur independent of size. For example, all 3
species or phases consistently overlapped in size, yet
different isotopic patterns emerged. Also, length did
not affect P. laevis δ15N or δ13C values when colour
phases were separated. Therefore, differences in P.
laevis feeding patterns do not appear to be related to
size but to a colour phase-mediated shift. Changes in
prey selection and foraging behaviour associated
with colour phase may be a result of foraging success
associated with altered conspicuousness on the reef
(i.e. bright yellow/white/black vs. dark brown).
These results suggest a behavioural component asso-
ciated with the phase transition in P. laevis; whether
this is driven by age and sexual maturity (Davies et
al. 2006), energetic and physiological factors, or envi-
ronmental cues remains to be tested.

Spatio-temporal comparisons of 
P. leopardus trophic position

Bias can arise several ways when estimating TP,
including the selection of appropriate baseline
groups, TPbaseline values, and tissue-specific DTDFs
(see Post 2002, Hussey et al. 2014). Additionally,
coral reef food webs are complex, and coral trout
consume a variety of fish species that derive carbon
from several sources (St. John 1999). Therefore, TP
estimates reflect multiple confounding prey sources.
To address this, only muscle was included in TP esti-
mates because it represents diet integration over a
greater time-scale, providing less variable data
points and more reliable estimates of DTDFs (Pinne -
gar & Polunin 1999, Matley et al. 2016a), albeit ex -
ploratory analyses between tissues typically showed
similar trends. The TPconsumer values presented in this
study employed known prey of coral trout that are
specialist zooplanktivores (i.e. TL = 3), and used spe-
cies-specific DTDFs calculated for a similar trophic
transfer as P. leopardus, i.e. C. teres (Matley et al.
2016a). Additionally, P. leopardus mainly consume
herbivores (TL = 2) and secondary (non-piscivorous)
consumers (TL = 3); thus, from a conventional frame-
work, estimates of TP in this study (3.51 to 3.76 based
on C. teres as baseline group) fit well with observed
prey selection patterns and improve TP estimates
compared to previous work. For example, Farmer &
Wilson (2011) calculated a higher TP of P. leopardus

(4.5) based on gut contents, and TP estimated by
Frisch et al. (2014) using muscle stable isotopes was
4.1 (weighted mean), although it varied based on the
baseline group selected (3.4 to 4.5).

Using either Halimeda spp. or C. teres as baseline
species provided similar P. leopardus TP relation-
ships among sampling locations and periods. Specifi -
cally, TP was similar at Helix (November 2013 and
February 2014) and Lodestone reefs (February 2014)
but lower at Lodestone Reef in November 2013.
Because TP estimates were based on adjusted base-
line δ15N values, these results indicate a temporal
dietary change for P. leopardus at Lodestone Reef,
but not at Helix Reef. Interestingly, this temporal for-
aging shift was further demonstrated at Lodestone
Reef when muscle δ15N values were higher in Febru-
ary 2014 compared to November 2013, but for RBC
and plasma, the opposite pattern occurred. Other
studies have not found differences in P. leopardus
prey items between seasons and throughout the year,
although spatial sampling was limited and pulses of
abundant prey (e.g. schooling fish) affect temporal
prey selection to some extent (Kingsford 1992, St.
John 1999). Extensive identification of prey could not
be completed in this study, making it difficult to as -
certain the degree to which temporal or fine-scale
influxes of different prey occurred at Lodestone Reef,
and whether TP differences were ecologically re -
levant or fishing-induced. Reef-wide differences in
niche metrics were also apparent based on Bayesian
ellipses. For example, the isotopic niche breadth of P.
leopardus at Helix Reef in November 2013 was
smaller than at other reefs, indicating that P. leopar-
dus at Helix Reef consumed prey that were isotopi-
cally similar. Whether this was a result of specialised
prey selection, reduced isotopic variation at a reef-
level (i.e. less isotopically diverse prey assemblages),
or a combination of both is unclear. However, the few
samples obtained from blue-spots at Helix Reef
(which encompassed a larger niche breadth) support
specialised prey selection by P. leopardus during that
period. Predators on the reef are intrinsically linked
to their prey, both having potential to influence com-
munity or trophic structure (Bornt et al. 2015, Pala-
cios et al. 2016). Therefore, understanding isotopic
variation of coral trout and their prey both within and
between reefs and seasons warrants further study.

Influence of size on δ15N, δ13C, and trophic position

Within the size range of coral trout sampled in this
study (~25 to 80 cm FL), there was no evidence that
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δ15N or TP was significantly affected by size for either
species, indicating that prey from similar trophic
 levels were selected independent of predator size.
This has important implications for management in
the GBRMP, because the adult population will prob-
ably respond similarly to changes in prey composi-
tion independent of size. The positive relationship
between fork length and δ13C in P. laevis suggested
size-related changes in foraging habitat and carbon
sources, but there was a high degree of variation (i.e.
r2 = 0.10), and different δ13C patterns existed be -
tween blue-spot and footballer phases. Also based on
these data, recreational or commercial fishers, who
can legally retain P. leopardus ≥ 38 cm and P. laevis
between 50 and 80 cm in length in the GBRMP, may
not negatively impact predator–prey dynamics by
un wittingly removing size-classes with different
trophic ecologies because across adult size-ranges
feeding regimes appear to be similar (see also St.
John 1999). However, this needs to be confirmed as
only multi-species comparisons were made at reefs
closed to fishing (i.e. Helix, Yankee, and Coil reefs).

Conclusion

Stable isotope comparisons between locations and
periods are valuable as they highlight species-spe-
cific differences for a species group that is often
treated as a single entity. The findings also suggest
niche partitioning and competition between species,
although confirmation would require extensive field
manipulations (Sale 1974, Connell 1980). Behav-
ioural differences between these 2 species, in addi-
tion to life-history and biological dissimilarities,
emphasise the need for population/stock assess-
ments at a species level, but also for management
that accounts for different functional roles. Further-
more, the impact of external stressors (e.g. warming
surface waters, cyclones, and altered prey composi-
tion) and species’ responses to them (e.g. Tobin et al.
2010, Johansen et al. 2015) will likely vary and
should be considered. Adjusting for baseline isotope
values across spatial and temporal sampling periods
to compare dietary patterns has not been commonly
applied; this study demonstrated how localised base-
line δ15N variation can be used to trace changes in
feeding. There are limitations to this approach; for
example, baseline adjustments do not necessarily
accurately account for isotopic discrimination when
carbon sources other than those applied to baseline
estimates are consumed (Post 2002), although the
 relative similarities between TPscaled and TPconsumer

support that overall changes were represented by
relevant baseline groups. Recent advances in com-
pound specific isotope analysis of amino acids which
reduce the need for independent baseline δ15N sam-
pling (McMahon et al. 2013) should be a considera-
tion for future studies involving spatio-temporal in -
vestigations relating to TP.

Overall, this study highlights the need for greater
diversification when considering the coral trout com-
plex; the 2 species studied displayed contrasting
behavioural patterns utilising different prey sources
and likely have different functional roles on the reef.
Furthermore, the coral trout complex consists of sev-
eral additional species that may also have distinct
prey selection patterns. As human and environmen-
tal impacts continue to change reef habitats, know -
ledge of how exploited species will respond is critical
for management, but also important is whether spe-
cies will respond in similar ways at different reefs
and throughout the year.
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