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Abstract Size-related diet shifts are important charac-
teristics of fish trophodynamics. Here, body size-related
changes in muscle 8N and 6"'3C of four coral reef fishes,
Acanthurus nigrofuscus (herbivore), Chaetodon lunulatus
(corallivore), Chromis xanthura (planktivore) and Plec-
tropomus leopardus (piscivore) were investigated at two
locations in the Solomon Islands. All four species occupied
distinct isotopic niches and the concurrent 6'°C’ values
of C. xanthura and P. leopardus suggested a common
planktonic production source. Size-related shifts in 6'°N,
and thus trophic level, were observed in C. xanthura,
C. lunulatus and P. leopardus, and these trends varied
between location, indicating spatial differences in trophic
ecology. A literature review of tropical fishes revealed that
positive 6'°N-size trends are common while negative d'°N-
size trends are rare. Size-0'°N trends fall into approxi-
mately equal groups representing size-based feeding within
a food chain, and that associated with a basal resource shift
and occurs in conjunction with changes in production
source, indicated by 6'°C. The review also revealed large
scale differences in isotope-size trends and this, combined
with small scale location differences noted earlier, high-
lights a high degree of plasticity in the reef fishes studied.
This suggests that trophic size analysis of reef fishes would
provide a productive avenue to identify species potentially
vulnerable to reef impacts as a result of constrained trophic
behaviour.
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Introduction

Size-correlated shifts in diet are a common feature of many
marine fish species (Jennings et al. 2001). Such shifts may
be due to ontogenetic environmental factors such as habitat
utilisation (Bellwood 2006), or result from correlations
with body size including prey restrictions from gape
dimensions (Mumby et al. 2006) and swimming speed
(Schmidt-Nielsen 1984). Diet shifts can manifest as chan-
ges in trophic level (TrL), and/or production source sus-
taining individuals and populations. Such patterns have
been observed in a range of coral reef fish species
(Kingsford 1992; Eggleston et al. 1998); however, size-
related shifts are not ubiquitous among all species (e.g.,
Cassermiro et al. 2007), particularly in complex ecosys-
tems where multiple primary production sources support
highly variable trophic assemblages (Layman et al. 2005)
as occurs in coral reefs.

Traditionally trophodynamics studies are undertaken
using gut content analysis; however, this technique assesses
diet over very small temporal scales (Hyslop 1980), requires
high sampling effort, a major disadvantage in diverse trop-
ical systems, and may underestimate the extent of generalist
and detritus feeding (Carassou et al. 2008). Stable isotope
analysis (SIA) provides alternative measures of TrL and
production source, and circumvents many of the weakness
inherent in gut content data. SIA utilises naturally occurring
differences in ">N/'*N (6'°N) and '*C/'*C (6'3C) ratios in
tissues between consumers and their diet. These differences
arise due to preferential retention of heavier isotopes and
excretion of lighter isotopes, leading to relative enrichment
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in >N and "*C between consumer and consumed, termed
trophic fractionation. 0'>N fractionation at each trophic step
(AS"N) in fish is large, ~3.2%0 (Sweeting et al. 2007b),
allowing estimation of TrL relative to a suitable reference
point (Post 2002). AS"C in fish is ~ 1.5%o (Sweeting et al.
2007a) and is used to estimate the contributions of different
production sources utilised in an individual’s diet which
typically differ in 6'°C.

SIA has proved particularly valuable in elucidating fish
trophodynamics, suggesting that size-related feeding is
common, although the strength of these relationships varies
between species (Jennings et al. 2001) and within species
in both space (Deudero et al. 2004) and time (Polis and
Strong 1996). However, it is far from clear to what extent
and over what scale differences may occur.

Despite the potential insights that SIA can provide, it
remains a largely unused tool in coral systems and vari-
ability in size/trophic parameters among locations remains
poorly understood. This study assesses whether four species
of coral reef fish exhibited trends in isotopic signatures
indicative of size-related feeding, and whether such trends
varied spatially. Four species were chosen to represent a
range of typical trophic guilds: herbivore, planktivore,
corallivore and piscivore. A literature review of size-related
trends in tropical fishes is also used to assess the ubiquity of
size-related trends and extent of spatial variation at a range
of scales.

Materials and methods
Study locations and sample collection

Target species were selected based on local abundance,
determined by the Solomon Islands Marine Assessment
(Green et al. 2006) and visual census, and to represent a
wide range of trophic strategies. The species selected were
Acanthurus nigrofuscus (herbivore), Chaetodon lunulatus
(corallivore), Chromis xanthura (planktivore) and Plec-
tropomus leopardus (piscivore).

Individuals were collected from two locations in the
Ngella Island group (Central Province, Solomon Islands),
Tulaghi (location A) and Nagatano (location B) (Fig. 1).
Tulaghi has coral reefs extending south from the coastline
for up to 5 km, higher human population densities and
more intensive land use than Nagatano, a small island on
the western tip of the Ngella Island group, which is also
surrounded by extensive coral reefs.

Collection of A. nigrofuscus, C. lunulatus, and C. xanthura
was spread across three sampling sites within each location
(Fig. 1), to represent hydrographic and habitat variability.
Specimens were collected by breathhold spearfishing at
depths ranging from 2 to 15 m. Because of lower densities,
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P. leopardus were purchased opportunistically from fish-
ermen at Tulaghi (location A). Individuals were selected to
reflect the full length range from landed catch. Total length
was recorded for all individuals. All fish were frozen on
landing and transported on ice to laboratories of the Uni-
versity of the South Pacific, Honiara, where initial pro-
cessing was carried out.

The following number of samples and size ranges were
obtained: For A. nigrofuscus atlocation A and B,n = 14 and
15 with a size range of 45 and 60 mm, respectively. For
C. xanthura, n = 15 at both locations with a size range
of 45 mm at location A and 35 mm at location B. For
C. lunulatus, n = 15 and 14 at locations A and B, respec-
tively with both collections having a size range of 20 mm.
For P. leopardus (collected only at location A), n = 41 with
a size range of 225 mm.

Sample processing and isotope analysis

Approximately 5 g of lateral muscle were removed from
each individual and oven dried at 60°C for 6 h. Dried
muscle was stored in plastic tubes and sealed in plastic
bags containing silica desiccating gel for transport to the
UK where samples were ground, homogenised and 1 mg
weighed into 6 mm x 4 mm tin capsules for C and N SIA.

Determination of 515N, 8'3C and % content of C and N
was carried out by Elemental Analysis Isotope Ratio Mass
Spectrometry by Iso-analytical Ltd (Crewe, UK) using a
Europa Scientific elemental analyser coupled to a Europa
Continuous Flow Isotope Ratio Mass Spectrometer. Values
of 6'°N and 6'°C were reported relative to N, in air and
V-PDB, respectively. Calibration and quality control were
conducted with an internal reference material traceable to the
International Atomic Energy Agency inter-laboratory com-
parison standards. A blind reference sample of cod muscle
(n =17,5"7C: SD = 0.16, 5'°N: SD = 0.04) was included,
and several samples collected for this study were run as blind
duplicates (Ngupiicates = 14, 6'3C: mean SD = 0.17, 6"°N:
mean SD = 0.21). Duplicates were used to assess precision
only and were not included in final analysis.

Statistical analysis

No obvious outliers were detected, so all data were inclu-
ded in the analyses. Length data were converted to
weight (g) using length—weight parameters (Goeden 1978;
Letourneur et al. 1998; Green et al. 2006; Froese and Pauly
2009). Where specific length—weight relationships were not
available genus-wide average values were used (Froese and
Pauly 2009). Weight data were log, transformed.

Lipids are '*C depleted relative to proteins (Focken and
Becker 1998; Sweeting et al. 2006), and variations in lipid
content may confound analysis. Lipid-controlled §'°C data
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(6'3C’) were derived by normalisation of 5'*C following a
modified Sweeting et al. (2006) arithmetic correction. In
the modification the C:N for pure protein in the arithmetic
correction of Sweeting et al. (2006), usually determined by
experimental lipid extraction, was replaced with the lowest
observed species-specific C:N. This, in effect, normalised
0'3C of each species to the lowest observed lipid content
within species. C:N ranges were 3.04-3.47 for A. nigro-
fuscus, 2.97-3.43 for C. xanthura, 3.04-3.34 for C. lunul-
atus and 2.98-3.54 for P. leopardus. The resultant lipid
correction to §'°C was thus 0.86, 0.93, 0.62 and 1.10%o or
less for each species, respectively. These corrections were
independent of size. Normalisation is adequate as analyses
of isotopic signature with size were focused principally on
changes in slope rather than intercept.

Spatial variation in size-related 6'°N and 6'°C’ were
assessed using GLM ANCOVA with the interaction term
size*location and size as a covariate (Table 1). When
size*location effects were significant, location-specific
regression parameters were used to describe size-related

Table 1 GLM ANOVA results for C. xanthura, C. lunulatus and
A. nigrofuscus 6"°N, §'3C, C:N (as % element), and §'3C’ with
interaction term Location*Size (log, transformed weight)

A. nigrofuscus C. lunulatus C. xanthura
Fias p Fias p Fi2 P
8N Location 0.09 0.765 331 0.081 47.90 <0.001
Size 0.02 0876 4.19 0.051 8.13 0.008
Location*size 0.31 0.581 3.30 0.082 6.30 0.019
6"3C" Location 282 0.106 0.01 0919 0.01 0907
Size 0.14 0.716 0.81 0.376 14.71 0.004
Location*size 2.41 0.133 0.02 0.886 0.00 0.998

Significant results are highlighted in bold

trends. Where the interaction was not significant, but size
was a significant factor pooled regression slopes were given
to describe size-related feeding patterns. P. leopardus was
only obtained from one location; thus, trends in SN and
0'3C’ were assessed via least squares linear regression.
Residuals of all model fits were used to assess normality
and heteroscedasity. On a minority of occasions, residuals
were non-normal and no appropriate transformation was
found that would induce normality. However given the
infrequency of non-normality, the tolerance of tests to this
infringement (Underwood 1997) and that analyses all met
assumptions of heteroscedasity, GLM outputs were
deemed valid. Variance about the mean is given as & 1SD.

Literature review

To evaluate the ubiquity of ontogenetic or size-related
feeding behaviour in tropical fishes, published data on
size-related trends in 6'°N or 6'°C were collated from the
literature using the ISI literature database (web of knowl-
edge) key word searches. These included combinations
of “isotop*”, “trophic”, “size”, “fish*”, “diet”, “coral”,
“tropical”, “marine” and forward and backward citation
pursuit. The survey covered literature published between
January 1977 and April 2009 (Table 2). Criteria for
inclusion were all marine and coastal fishes sampled
between latitudes 35° north or south.

Results
Species  differed in both 6N (Kruskal-Wallis

y* = 110.67, df = 3, P < 0.001) and 6"°C’ (* = 96.40,
df =3, P <0.001) (Fig.2). Non-parametric pairwise
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Table 2 Size-based trends in 8'°N and §'C in tropical fishes

Family Species 5N st Guild Habitat Author*
Reef fishes
Acanthuridae Acanthurus bahianus 0 0 H Coral reef 1
Acanthurus chirurgus 0 0 H Coral reef 1
Acanthurus nigrofuscus 0 0 H Coral reef 2
Acanthurus shoal + 0 H Coral reef 3
Apogoninae Cheilidopterus quinquelineatus 0 + P Coral reef 4
Cheilodipterus novemstriatus 0 + Pl Coral reef 3
Chaetodontidae Chaetodon lunulatus 0 0 Co Coral reef 2
Haemulidae Haemulon flavolineatum + 0 C Coral reef 1
Haemulon flavolineatum 0 0 C Coral reef 5
Haemulon sciurus + 0 C Coral reef 1
Lutjanidae Lutjanus apodus + - C Coral reef 1
Lutjanus griseus + 0 C Coral reef 1
Ocyurus chrysurus + 0 C Coral reef 1
Ocyurus chrysurus — 0 C Coral reef 6
Ocyurus chrysurus — — C Coral reef 6
Mullidae Parupeneus margaritatus + 0 (0] Coral reef 3
Nemipteridae Scolopsis ghanam + + 1 Coral reef 3
Pomacentridae Abudebduf sexfasciatus - + P1 Coral reef 4
Abudebduf vaigiensis 0 0 (6] Coral reef 3
Chromis xanthopterygia 0 0 Pl Coral reef 3
Chromis xanthura + + Pl Coral reef 2
Stegastes nigricans + - H Coral reef 4
Scaridae Scarus iserti 0 0 H Coral reef 1
Scarus taeniopterus 0 0 H Coral reef 1
Cephalopholis hemistiktos + 0 1 Coral reef 3
Plectropomus leopardus + 0 P Coral reef 2
Synodontidae Synodus variegates — 0 P Coral reef 4
Other tropical fishes
Alepisauridae Alepisaurus ferox + C Pelagic 7
Blenniidae Ecsenius lineatus + + (6] Rocky reef 8
Ecsenius namiyei + + (0] Rocky reef 8
Hemiramphidae Hyporhamphus regularis ardelio 0 + (6] Seagrass 9
Lutjanidae Lutjanus campechanus + + C Mixed 10
Mugilidae Liza macrolepis 0 0 D Mangrove 11
Pomacentridae Stegastes fasciolatus + 0 H Rocky reef 8
Scombridae Thunnus alalunga — C Pelagic 7
Thunnus albacares + 0 C Pelagic 12
Thunnus albacares + P Pelagic 7
Thunnus albacares 0 0 P Pelagic 13
Xiphiidae Xiphias gladius + P Pelagic 7
Xiphias gladius + + P Pelagic 13
Trends are indicated by symbols (4, positive, 0, none, —, negative, ..., no data) for different tropic guilds (H herbivore, P piscivore, Pl

planktivore, Co coralivore, C carnivore, O omnivore, / invertivore, D detritivore). *Cocheret de la Moriniere et al. (2003) (1), this study (2), Mill
(2007) (3), Carassou et al. (2008) (4), Nagelkerken et al. (2008) (5), Verweij et al. (2008) (6), Revill et al. (2009) (7), Ho et al. (2007) (8),
Carseldine and Tibbets (2005) (9), Wells et al. (2008) (10), Lin et al. (2007) (11), Graham et al. (2007) (12), Ménard et al. (2007) (13)
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Fig. 2 Isotopic map of sampled populations of the herbivore
Acanthurus nigrofuscus (circles),the corallivore Chaetodon lunulatus
(diamonds), the planktivore Chromis xanthura (triangles) and the
piscavore Plectropomus leopardus (squares) from Tulaghi (location
A) and Nagatano (location B), in the Solomon Islands. Closed and
open shapes represent data from locations A and B, respectively

analysis suggested all species pairs differed in terms of
6N and 6"3C, except for 8"3C’ between P. leopardus and
C. xanthura, and A. nigrofuscus and C. lunulatus.

For A. nigrofuscus '°N and 6'°C’, the location*size
interaction was non-significant as were individual factors
(Table 1). The pooled regression for 05N with size irrespec-
tive of location was non-significant (r2 = 0.002, Fy 27 = 0.07,
P = 0.798). The pooled regression for 6'*C’ was also non-
significant (7> = 0.11, Fy 7 = 3.33, P = 0.079).

The location*size interaction for C. lunulatus 6'°N was
marginally non-significant as were both size and location
main effects (Table 1). As a small increase in statistical
power could tip this result into significance, both pooled
and location-specific regressions were investigated. The
pooled regression for 6'°N was marginally non-significant
("N = 6.96 4 0.702 log, mass, r* = 0.13, F 7 = 4.02,
P = 0.055). Location-specific regressions were non-
significant for location A (¥ = 0.002, Fy 3 = 0.03,
P =0.865), but were significant for location B
(6"°N = 3.91 + 1.35 log, mass, r* = 0.36, F ;3 = 6.75,
P =0.023). 6"°C’ was non-significant for all factors
(Table 1). The pooled regression of §'°C’ with size irre-
spective of location was also non-significant (+* = 0.04,
F1’27 = 123, P = 0276)

Chromis xanthura 0'°N exhibited a significant loca-
tion*size interaction (Table 1), with regressions significant
at both locations A ((315N = 5.90 + 0.656 log, mass,
? =0.573, Fy 3 =1742, P=0.001) and B (6"°N =
5.346 4+ 0.635 log, mass, = 0.137, Fi13 =29,
P < 0.001). In contrast, only size was significant for
C. xanthura 6'°C' (Table 1) with a significant pooled
regression (513C = —18.9 4 0.549 log, mass, = 0.261,
F1,28 = 989, P = 0004)

Plectropomus leopardus (collected only from location
A) showed a significant positive relationship for ¢'°N
with size (6"°N = 9.75 + 0.367 log, mass, r* = 0.531,
F139 =44.08, P <0.001). In contrast, the relationship
between 8'3C’ and size was non-significant (r2 = 0.045,
F1’39 - 184, P = 0183)

Review of size-based isotopic changes

The review generated 27 6'°N- and 6'*C-size trends for 24
reef species and a further 13 5'°N-size trends for 10 non-reef
species and 10 6'°C-size trends for 8 non-reef species
(Table 2). Amongst coral reef fishes, 44.4% of populations
studied exhibited positive 8" N-size trends, 40.7% exhibited
no trend and 14.8% showed negative trends. In contrast, for
o3 C-size trends, 18.5% were positive, 70.4% exhibited no
trend and 11.1% exhibited negative trends. Across all trop-
ical populations, the occurrence of positive 6'°N-size trends
was slightly higher; 52.5% trends were positive, 35.0% were
neutral and 12.5% negative, while for 513C-size trends,
neutral trends again dominated (63.9%) with 27.8% exhib-
iting positive trends and 8.3% recording negative trends.

The data set was not extensive enough to statistically
compare the distributions of trends among trophic guilds;
however, planktivores, carnivores and piscivores all inclu-
ded examples of all three patterns of 6'°N-size trends. Both
herbivores and omnivores exhibited only neutral or positive
trends in 6'°N with body size. Patterns within guilds were
less variable for 6'°C, with no particular trend in sB3c
dominating most guilds with few exceptions. However, both
omnivores and planktivores exhibited high frequencies of
positive trends in 6'°C (60% and 75% of populations,
respectively), although the low samples sizes prevented
testing of any guild effect on trend type frequencies. Almost
50% of shifts in 6'°N dataset were accompanied by shifts in
st3c. Very few shifts in 313C (~25%) were observed to
occur without associated shifts in §'°N.

Where data sets included the same species from differ-
ent locations, size-related trends in 0'°N frequently con-
trasted among regions, e.g., Haemulon flavolineatum,
Ocyurus chrysurus, Thunnus albacares (Table 2), with the
only exception being Xiphias gladius. Comparative data for
8"3C were limited to two species, Haemulon flavolineatum
and Ocyurus chrysurus, and these recorded only limited
variations with location.

Discussion
Feeding guilds

All four species appeared to occupy isotopically discrete
trophic niches, supporting their putative roles in different

@ Springer



790

Coral Reefs (2010) 29:785-792

feeding guilds (Fig. 2). Using 6"°N as a proxy for TrL, and
assuming AN of 3.2%0 (Sweeting et al. 2007b), the
highest TrL fish, P. leopardus occupied a position two
levels above the lowest, A. nigrofuscus. The concurrent
B signatures of C. xanthura and P. leopardus suggest
these species occur within the same food chain; with a
difference in 8'°N suggestive of approximately one TrL,
supporting gut analysis data indicating that P. leopardus
feeds heavily on pomacentrid fishes (St John et al. 2001).
Unexpectedly, P. leopardus appears to derive the majority
of its production from planktonic sources, rather than coral
or benthic algal production-based food chains, as defined
by C. lunulatus and A. nigrofuscus. This is in contrast to the
generalist feeding of many high TrLL marine species and
provides emphasis for further investigation into energy
flows in coral reef systems.

A size invariant 6'°C’ for C. lunulatus of —10.21%o sug-
gests an aggregated coral production source d'°C of around
—12%o, typical for coral as reviewed by Heikoop et al.
(2000). A. nigrofuscus and C. lunulatus 5'>C’ data did not
differentiate, probably as a result of overlapping 6'°C values
of coral and algal production sources, rather than overlapping
feeding regimes highlighting a weakness in using 6'°C to
track production source: the reliance on isotopically discrete
production sources. Given that 5'>C ranges for algal (—20%o
to —10%o, Deines 1980), phytoplankton (—35%o to —14%e.
(Descolas-Gros and Fontugne 1990), and coral (—16.9%o to
—8.2%o, Heikoop et al. 2000) production may overlap con-
siderably, distinguishing the relative importance of these
sources at a single location may be problematic. Further-
more, consumers’ isotopic signatures are aggregates of all
dietary items, and so cannot be used to derive a measure of
local variability in the 6'°C of related production sources,
unless specific feeding regimes are already known.

Ontogenetic trends and location effects

No species varied in 6'°C’ between locations, suggesting
production sources were consistent among populations.
This is in general agreement with 6'°N data for both
A. nigrofuscus and C. lunulatus although in the latter case
the location*size interaction was marginal. In contrast,
C. xanthura 6"N differed among locations, particularly in
small individuals. Size-specific feeding, at location B but
not at location A, in C. lunulatus appears to have resulted
in increasing, although overall non-significant differences
between locations with size.

Chromis xanthura exhibited significant positive size-
related trends in 6'°N at both locations increasing by the
equivalent of ~0.75 TrL at location A and one whole TrL
at location B, over the size range sampled (~40-70% of
Liax)- Size-related trends are likely to be a function of both
trophic size structuring of zooplankton (Hansen et al.
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1994), and size-related prey size selectivity (Coates 1980).
Such positive body size-6'°N relationships have been
observed in some (Lindsay et al. 1998), although not all
(Carassou et al. 2008) planktivorous fish. The 2.9%o
increase in 0'°C’ (a greater change than expected from the
magnitude of the concurrent 6'°N change) suggests that
trophic shift may be accompanied by a change in plank-
tonic production sources. The literature review showed that
positive size 6'*C’ relationships were common in studied
reef planktivores (Mill 2007; Carassou et al. 2008).

C. lunulatus showed no size 5'°C’ relationship, however
displayed a positive size 6'°N relationship at location A.
C. lunulatus is known to show spatially variable feeding
preferences, feeding on up to 30 different coral species at a
single location (Berumen et al. 2005), and it is possible that
a combination of local variability in coral 515N, (Heikoop
et al. 2000) combined with hitherto undocumented size-
related shifts in diet caused this result. Very few isotopic
data exist for corallivores, especially related to size, and
further SIA studies have the potential to elucidate subtle
feeding characteristics.

Acanthurus nigrofuscus showed no significant size-
related trends with 6'3C’ or 6"°N, consistent with expec-
tations of obligate herbivory. This appears to be a common
pattern in herbivores (Cocheret de la Moriniere et al. 2003),
although exceptions exist, e.g., Acanthurus shoal (Mill
2007). The lack of any clear relationship with size when
diet appears invariant supports assumptions that 6'*C’ or
0'°N represent trophic, rather than metabolic, size-related
factors (Sweeting et al. 2007a, b).

The positive size TrL relationship reported for
P. leopardus, corroborates gape size limitation reported by
(St John et al. 2001), who reported that as size increased,
individuals included an increasingly higher proportion of
larger, higher TrL, fishin their diet. This trend was detectable
using SIA at even a relatively modest adult size range of
~17-36% of maximum length (Kailola et al. 1993).

Size-based trophodynamic changes generally

Among the collated species, the prevailing pattern was for
positive 6'°N size relationships. While collated data con-
tains certain inherent biases, particularly non-random
sampling of species, it does suggest that species level size-
structured feeding is common in complex systems. Data
also suggest that negative TrL size relationships constitute
a specialist niche type undertaken by only a few species
concurring with observations from temperate systems, for
example the North Sea (Jennings et al. 2001).

Despite collating 40 3'°N-size trends, the diversity of
feeding behaviours available in tropical habitats precluded
quantitative analysis of trends in relation to trophic guilds.
Data on certain guilds, e.g., corallivores and detritivores,
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were virtually absent, although others suggestive predict-
able patterns, for example positives shifts were common in
piscivores, virtually absent in herbivores, while carnivores
exhibit a wide range, perhaps reflecting the diversity of
prey this category utilises.

It is notable that 50% of 5'°N trends are accompanied by
0'3C trends and only ~25% of 6'*C trends occurred
without associated 6'°N trends. Although some of these
cases may be explained by the trophic fractionation of
carbon, this pattern strongly suggests that many size related
changes in TrL are accompanied by changes in the source
of production. This suggests that two distinct mechanisms
drive diet shifts in reef species, occurring in approximately
equal proportions, namely size-based feeding, resulting
from size constraints on feeding, and ontogenetic dietary
shifts, the result of changing habitat or food sources during
ontogeny, during which 6'°N shifts may be driven by
variation in production source 6'°N signatures as well as
shifts in TrL. This differs from temperate food webs where
feeding is primarily driven by size alone (Jennings 2001).
Examination of those species duplicated in the literature
review suggests that size-related trends often vary spatially
(Nagelkerken et al. 2008; Verwij et al. 2008), even after
correcting for artefacts introduced by differences in sam-
pling (e.g., the differences in size range sampled for Tun-
nus albacore, Graham et al. 2007; Ménard et al. 2007).

The frequency of &'°N-sized related tropical feeding
behaviour is similar to that of temperate systems, but
concurrent 6'°C-size shifts indicated a greater role for
ontogenetic dietary shift in driving these changes. Given
the evidence of both large (oceanic) and small (50 km)
scale variability in isotope-body size trends found here, this
study highlights a significant degree of plasticity in reef
fishes studied. This suggests size-based analysis of reef
fishes would provide a productive avenue to identify spe-
cies potentially vulnerable to reef impacts as a result of
constrained trophic behaviour. The small body of existing
work also indicates that SIA can provide a range of novel
insights into coral reef trophic ecology.

Acknowledgments Thanks to Reuben Sulu and Clifford Vego for
special help in developing ideas and all aspects of the field work.
Qualios Leonard is thanked for permission to collect fish from areas
under his tenure, Ata Winterford and B. Leonard for help with sample
collection and Rose and Bernadette Sulu and the people of Soso,
Nagatano, Tulaghi, Haleta and Haghalo for their warmth, hospitality,
help and interest. UK Natural Environment Research Council provided
MTG studentship funding to Newcastle University for this study.

References

Bellwood DR (2006) Ontogenetic changes in the diet of early post-
settlement Scarus species (Pisces: Scaridae). ] Fish Biol
33:213-219

Berumen ML, Pratchett MS, McCormick MI (2005) Within-reef
differences in diet and body condition of coral-feeding butter-
flyfishes (Chaetodontidae). Mar Ecol Prog Ser 287:217-227

Carassou L, Kulbicki M, Nicola TJR, Polunin NVC (2008) Assess-
ment of fish trophic status and relationship by stable isotope data
in the coral reef lagoon of New Caledonia, southwest Pacific.
Aquat Living Resour 21:1-12

Carseldine L, Tibbets IR (2005) Dietary analysis of the herbivorous
hemiramphid Hyporhamphus regularis ardelio: an isotopic
approach. J Fish Biol 66:1589-1600

Cassermiro FAS, Rangel TFLVB, Pelicice FM, Hahn NS (2007)
Allometric and ontogenetic patterns relating to feeding of a
neotropical fish, Satanoperca pappaterra (Perciformes, Cichil-
dae). Ecol Freshw Fish 17:155-164

Coates D (1980) Prey-size intake in Humbug Damselfish, Dascyllus
aruanus (Pisces, Pomacentridae) living within social groups.
J Anim Ecol 49:335-340

Cocheret de la Moriniere E, Pollux BJA, Nagelkerken I, Hemminga
MA, Huiskes AHL, van der Velde G (2003) Ontogenetic dietary
changes of coral reef fishes in the mangrove-seagrass-reef
continuum: stable isotopes and gut-content analysis. Mar Ecol
Prog Ser 246:279-289

Deines P (1980) The isotope composition of reduced organic carbon.
In: Fritz P, Fontes JC (eds) Handbook of environmental isotope
geochemistry, the terrestrial environment. Elsevier, Amsterdam,
pp 329-406

Descolas-Gros C, Fontugne M (1990) Stable carbon isotope fraction-
ation by marine phytoplankton during photosynthesis. Plant Cell
Environ 13:207-218

Deudero S, Pinnegar JK, Polunin NVC, Morey G, Morales-Nin B
(2004) Spatial variation and ontogenetic shifts in the isotopic
composition of Mediterranean littoral fishes. Mar Biol 145:
971-981

Eggleston DB, Grover JJ, Lipcius RN (1998) Ontogenetic diet shifts
in Nassau Grouper: trophic linkages and predatory impact. Bull
Mar Sci 63:111-126

Focken U, Becker K (1998) Metabolic fractionation of stable carbon
isotopes: implications of different proximate compositions for
studies of the aquatic food webs using ¢'°C data. Oecologia
115:337-343

Froese F, Pauly D (2009) FishBase www.fishbase.org, version
(03/2009)

Goeden GB (1978) A monograph of the coral trout, Plectropomus
leopardus (Lacepede). Qld Fish Serv Res Bull 1:1-42

Graham BS, Grubbs D, Holland K, Popp BN (2007) A rapid
ontogenetic shift in the diet of juvenile yellowfin tuna from
Hawaii. Mar Biol 150:647-658

Green A, Lokani P, Atu W, Ramohia P, Thomas P, Almany J (2006)
Solomon Islands marine assessment: technical report of survey
conducted May 13 to June 17, 2004

Hansen B, Bjornsen PK, Hansen PJ (1994) The size ratio between
planktonic predators and their prey. Limnol Oceanogr 39:
395-403

Heikoop JM, Dunn JJ, Risk MJ, Tomscik T, Schwarez HP, Sandeman
IM, Sammarco PW (2000) 8'°N and 8'3C of coral tissue show
significant inter-reef variation. Coral Reefs 19:189-193

Ho C-T, Kao S-J, Dai C-F, Hsieh H-L, Shiah F-K, Jan R-Q (2007)
Dietary separation between two blennies and the Pacific gregory
in northern Taiwan: evidence from stomach content and stable
isotope analyses. Mar Biol 151:729-736

Hyslop EJ (1980) Stomach contents analysis—a review of methods
and their application. J Fish Biol 17:411-429

Jennings S, Pinnegar JK, Polunin NVC, Boon TW (2001) Weak
cross-species relationships between body size and trophic level
belie powerful size-based trophic structuring in fish communi-
ties. J Anim Ecol 70:934-944

@ Springer


http://www.fishbase.org

792

Coral Reefs (2010) 29:785-792

Kailola PJ, Williams MJ, Stewart PC, Reichelt RE, McNee A, Grieve
C (1993) Australian fisheries resources. Bureau of Resource
Sciences, Canberra

Kingsford MJ (1992) Spatial and temporal variation in predation on
reef fish of coral trout (Plectropomus leopardus, Serranidae).
Coral Reefs 11:193-198

Layman CA, Winemiller KO, Arrington DA, Jepsen DB (2005) Body
size and trophic position in a diverse tropical food web. Ecology
86:2530-2545

Letourneur Y, Kulbicki M, Labrosse P (1998) Length-weight relation-
ships of fish from coral reefs and lagoons of New Caledonia,
southwestern Pacific Ocean: an update. Naga 21:39-46

Lin H-J, Kao W-Y, Wang Y-T (2007) Analyses of stomach contents
and stable isotopes reveal food sources of estuarine detritivorous
fish in tropical/subtropical Taiwan. Estuar Coast Shelf Sci
73:527-537

Lindsay DJ, Minagawa M, Mitani I, Kawaguchi K (1998) Trophic
shift in the Japanese Anchovy (Engraulis japonicus) in its early
life history stages as detected by stable isotope ratios in Sagami
Bay, Central Japan. Mar Biol 150:647-658

Ménard F, Lorrain A, Potier M, Marsac F (2007) Isotopic evidence of
distinct feeding ecologies and movement patterns in two
migratory predators (yellowfin tuna and swordfish) of the
western Indian Ocean. Mar Biol 153:141-152

Mill A (2007) Stable isotope data as reef food web descriptors in a
dynamic tropical environment. Ph.D thesis, University of
Newcastle, p 218

Mumby PJ, Dahlgren CP, Harbone AR, Kappel CV, Micheli F,
Brumbaugh DR, Holmes KE, Mendes JM, Broad K, Sanchirico
JN, Buch K, Box S, Stoffle RW, Gill AB (2006) Fishing, trophic
cascades, and the process of grazing on coral reefs. Science
311:98-101

Nagelkerken I, Bothwell J, Nemeth RS, Pitt JM, van der Velde G
(2008) Interlinkage between Caribbean coral reefs and seagrass

@ Springer

beds through feeding migrations by grunts (Haemulidae)
depends on habitat accessibility. Mar Ecol Prog Ser 368

Polis GA, Strong DR (1996) Food web complexity and community
dynamics. Am Nat 147:813-846

Post DM (2002) Using stable isotopes to estimate trophic position:
models, methods, and assumptions. Ecology 83:703-718

Revill AT, Young JW, Lansdell M (2009) Stable isotopic evidence
for trophic groupings and bio-regionalization of predators and
their prey in oceanic waters off easter Australia. Mar Biol
156:1241-1253

Schmidt-Nielsen K (1984) Scaling: why is animal size so important?
Cambridge University Press, Cambridge

St John J, Russ G, Brown IW, Squire LC (2001) The diet of the large
coral reef serranid Plectropomus leopardus in two fishing zones
on the Great Barrier Reef, Australia. Fish Bull 99:180-192

Sweeting CJ, Polunin NVC, Jennings S (2006) Effects of chemical
lipid extraction and arithmetic lipid correction on stable isotope
ratios of fish tissues. Rapid Commun Mass Spectrom 20:
595-601

Sweeting CJ, Barry JT, Polunin NVC, Jennings S (2007a) Effects of
body size and environment on diet-tissue 6'C fractionation in
fishes. J Exp Mar Biol Ecol 352:165-176

Sweeting CJ, Barry JT, Barnes C, Polunin NVC, Jennings S (2007b)
Effects of body size and environment on diet-tissue 0'°N
fractionation in fishes. J Exp Mar Biol Ecol 340:1-10

Underwood AJ (1997) Experiments in ecology: their logical design
and interpretation using analysis of variance. Cambridge
University Press, Cambridge

Verweij MC, Nagelkerken I, Han I, Ruseler SM, Mason PRD (2008)
Seagrass nurseries contribute to coral reef fish populations.
Limnol Oceanogr 53:1540-1547

Wells RID, Cowan JH Jr, Fry B (2008) Feeding ecology of red
snapper Lutjanus campechanus in the northern Gulf of Mexico.
Mar Ecol Prog Ser 361:213-225



	Elucidating the trophodynamics of four coral reef fishes  of the Solomon Islands using  delta 15N and  delta 13C
	Abstract
	Introduction
	Materials and methods
	Study locations and sample collection
	Sample processing and isotope analysis
	Statistical analysis
	Literature review

	Results
	Review of size-based isotopic changes

	Discussion
	Feeding guilds
	Ontogenetic trends and location effects
	Size-based trophodynamic changes generally

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


