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Understanding the unique feeding behaviours of oceanic fish, such as marlin, is key to
their effective management. Marlin are notoriously difficult to study, however, and the
limited research on marlin feeding shows that diet can vary greatly between species
and geographic regions. One region where marlin feeding behaviours are particularly
poorly understood are temperate eastern Australian waters. This study collected marlin
tissue from game fishing tournaments between latitudes 32◦43′06.5′′S/152◦08′50.1′′E
to 34◦40′12.9′′S/150◦51′34.3′′E between 2010 and 2021, and used stable isotope
analysis (SIA) to assess the trophic ecology of the three species of marlin occurring in
the region: black (Istiompax indica), blue (Makaira nigricans), and striped (Kajikia audax)
marlin. All species had similar δ13C values, but δ15N differed between species, with
higher variability observed in blue marlin than in the other two species. Sulphur isotopes
were key in identifying the relative contribution of coastal or benthic influences on marlin
diet, with δ34S suggesting that blue marlin had less coastal/benthic dietary influence than
black or striped marlin. Incorporation of δ34S into SIA for marlin is thus recommended
for future studies. Some differences in isotope values across locations and dates were
found, however, the uneven sample sizes due to the opportunistic sampling limited the
ability to understand spatial or seasonal differences. These findings show that marlin
followed similar dietary trends to conspecifics in other regions despite temperate eastern
Australian waters being one of the few with three marlin species commonly co-occuring.
This suggests that interspecies resource competition is not a major force driving the
demography of these species in eastern Australian waters. This research highlights a
need for specific management strategies at a species level, particularly for blue marlin.
Future research incorporating prey isoscapes and baselines assessed over a wider
range of marlin sizes is suggested to further improve our knowledge and capacity to
manage the marlin of eastern Australian waters.
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GRAPHICAL ABSTRACT | Summarizing some of the key differences revealed by stable isotope analysis of three marlin species (black, blue and striped marlin) in
this study. Graphical abstract drawn by TGu, Macquarie University.

INTRODUCTION

The role that apex predators play in ecosystem dynamics has
long been recognised as pivotal (Estes et al., 2011; Ripple et al.,
2014). Due to this perceived importance, apex predators are
often the target of conservation and management efforts (Sergio
et al., 2008). In ecosystems where multiple predatory species
are present, competition for food and trophic partitioning can
influence diet and therefore the role that individual species
play (Raoult et al., 2015; Curnick et al., 2019). In some
instances, high diversity of predators can even lead to functional
redundancy in which multiple species play similar trophic roles
(Frisch et al., 2016). A lack of understanding of this overlap
in trophic ecology can lead to mismanagement of already
limited conservation resources (Sergio et al., 2008). Therefore,
understanding these inter-predatory interactions is crucial to the
efficient management of predatory function in ecosystems.

Marlin are large, oceanic fish considered keystone predators
in their environment (Hinman, 1998; Kitchell et al., 2006; Chang
et al., 2019). Marlin are also one of the most iconic and targetted
fishes by recreational fishers (Ditton and Stoll, 2000; Ward et al.,
2012) and are important to commercial fisheries, both as targetted
species and bycatch (Restrepo et al., 2003; Langley et al., 2006).

Our understanding of their biology and behaviours, however,
is limited by the difficulties associated with researching these
species and a lack of rigorous data collection on recreational or
game fisheries (Holland, 2003; Griffiths, 2012). Managing marlin
is particularly challenging as their geographic distributions are
large and their often extensive oceanic movements mean that
individuals regularly cross multiple jurisdictional boundaries
(Hillary et al., 2015). Knowledge of marlin behaviours, including
movement and species-specific and regionally specific prey
choice are not well understood (Chang et al., 2019). Such
information is important when identifying spatial “hotspots”
and setting sustainable catch rates and management strategies
for recreational and commercial target species such as marlin
(Hillary et al., 2015; Lynch et al., 2019).

Marlin in waters off temperate eastern Australia specifically
are difficult to manage due to our poor understanding of
their behaviours and pressures they face (Findlay et al., 2003).
Three species of marlin commonly occur in these waters: black
(Istiompax indica), blue (Makaira nigricans), and striped (Kajikia
audax). These marlin typically migrate down from the equator
into eastern Australia to feed during the warmer months of the
year, though the timings of these migrations vary annually and
between species (Ghosn et al., 2015). The average size of each
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species caught and landed by recreational fishers in this region
also varies, with striped marlin averaging 91 kg, black marlin
averaging 104 kg, and blue marlin averaging 155 kg (Pepperell,
2018). Tag and release data reveals that the sizes of captured blue
and striped marlin are roughly representative of the population.
However, some years juvenile black marlin weighing 25–40 kg
dominate the size distribution of fish tagged (Ghosn et al., 2015)
but are not captured as they fall below the minimum tournament
weight cut-off of 60 kg.

Research to date indicates that marlin diet varies between
stocks and species and that these patterns are complex
(Ortiz et al., 2003; Shimose et al., 2006; Torres Rojas et al.,
2013; Chiang et al., 2020). Tagged marlin can display distinct
geographical ranges and movement patterns, both within and
between species (Ortiz et al., 2003; Domeier et al., 2019). Diets as
indicated by stomach content analysis are highly variable both in
terms of species consumed and prey size across regions (Ueyanagi
and Wares, 1972; Shimose et al., 2006, 2008). Stomach content
analyses undertaken in temperate eastern Australia have shown
that teleosts were the primary, and squid the secondary prey items
for striped marlin in this region (Young et al., 2010). The high
variability in diet across regions and limited understanding of
diet preferences at different life history stages of these animals
constrains cohesive management strategies.

One method of studying the trophic ecology of marlin is
through stable isotope analysis (SIA). SIA has been used to
examine nutritional origin, trophic relationships, ontogeny and
broad spatial movements in a wide range of marine animals
(Hesslein et al., 1991; Kiljunen et al., 2006; Rodgers and Wing,
2008; Raoult et al., 2015, 2019; Park et al., 2017; Whitfield, 2017).
Typically, this method uses varying isotopic turnover rates of
nitrogen (δ15N) and carbon (δ13C) among tissues as tracers of diet
source within an organism (Vander Zanden et al., 1997). These
two isotopes are commonly used for their ability to discriminate
between trophic levels (δ15N) and between foraging location
or prey types (δ13C) as well as their low analysis cost (relative
to other stable isotopes) (Raoult et al., 2019). Varying isotopic
turnover rates of different tissue types allow them to provide
different temporal insights into fish isotopes, with muscle tissue
generally considered to have turnover rates of 6 months to a year
(Madigan et al., 2012; Malpica-Cruz et al., 2012).

The few studies that have assessed SIA in marlin show great
variation in δ15N and δ13C isotopic ratios within and between
species in a manner similar to gut-content analyses. In blue
marlin, for example, δ15N is far more variable than δ13C (Logan
and Lutcavage, 2013; Torres Rojas et al., 2013; Chang et al.,
2019; Chiang et al., 2020), suggesting this species consistently
feeds within similar food webs but consumes prey occupying
different trophic levels. Striped marlin show different δ13C and
δ15N signatures to blue marlin (Torres Rojas et al., 2013; Acosta-
Pachón et al., 2015), suggesting less predictability within this
species and a high degree of variability in feeding that could be
considered opportunistic. The only study to have evaluated black
marlin SIA found high variability in δ13C and δ15N and reported
higher δ15N values than in other marlin species (Chiang et al.,
2020). Moreover, the studies comparing SIA for two co-occurring
marlin species have all documented niche segregation in marlin,

occurring between blue and striped marlin off Mexico (Torres
Rojas et al., 2013; Ordiano-Flores et al., 2021), and between black
and blue marlin off eastern Taiwan (Chiang et al., 2020).

All marlin SIA studies to date have been limited to these
two isotopic tracers, however, use of a greater number of tracers
allows increased clarity in mixed model analyses of SIA and can
result in different and more comprehensive interpretations of
trophic ecology (Raoult et al., 2019). Analysis of sulphur (δ34S)
as a third natural tracer has been included in some isotope
studies due to its’ ability to contrast benthic and pelagic origins,
and distinguish terrestrial from oceanic or even anthropogenic
sources (Connolly et al., 2004; Croisetiere et al., 2009; Raoult
et al., 2019). Black and striped marlin are more commonly caught
and encountered inside the continental shelf break whereas blue
marlin are caught wide of the shelf break, potentially due to
differences in diet between the species (Ghosn et al., 2015).
Including δ34S in SIA in addition to the usual δ13C and δ15N
would help tease apart trophic ecology for such enigmatic species.
A similar research question was asked by Plumlee and Wells
(2016), who used δ34S to successfully discriminate between diets
of three coastal shark species with perceived differing coastal and
pelagic foraging. Other studies have similarly shown that adding
δ34S increases certainty when comparing dietary sources between
teleost groups with varying degrees of coastal or pelagic influence
in their diet (Thomas and Cahoon, 1993; Wells et al., 2008).

This study used nitrogen, carbon and sulphur SIA to assess
commonalities and differences in the trophic ecology for three
species of marlin occurring off eastern Australian waters. This
is the first study to evaluate SIA for marlin in the South Pacific,
filling crucial knowledge gaps for the region. This study is also
the first to incorporate δ34S in a three tracer approach to evaluate
the trophic ecology of marlin species. Two key research questions
were posed: (1) do different marlin species in temperate eastern
Australian waters share similar isotopic niches, and (2) is the use
of δ34S as an environmental tracer in marlin useful for trophic
assessments?

MATERIALS AND METHODS

Sample Collection
White muscle samples (∼1,000 mm3) from black, blue
and striped marlin were opportunistically sourced from
individuals captured across fourteen game fishing tournaments
(a total of 34 tournaments). All tournaments were run by
clubs affiliated with the New South Wales (NSW) Game
Fishing Association in Australia and occurred between
Port Stephens (32◦43′06.5′′S/152◦08′50.1′′E) and Kiama
(34◦40′12.9′′S/150◦51′34.3′′E) between 2018 and 2021 (Table 1).
The range of fishing boats from any port was within a 70 km arc.
Additional marlin tissue preserved in the same manner as the
current study (see below) but from earlier fishing competitions
dating back to 2010 were also used. Tissue samples were removed
from the ventral surface of each marlin near the anal fin and
stored individually and immediately frozen to -30◦C until
processed. The whole weight of each fish (as weighed by the
tournament weighmaster) and the “short length” (tip of the
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TABLE 1 | Locations from which tissue was collected and the sample size (number of individuals) of tissue collected for three different marlin species: black marlin
(Istiompax indica), blue marlin (Makaira nigricans), and striped marlin (Kajikia audax).

Sampling location Lat Long Black marlin Blue marlin Striped marlin

~ | NR ~ | NR ~ |

Port Stephens (2016–2020) 32◦43′06.5′′S 152◦08′50.1′′E 1 8 0 21 4 16 6 17

Newcastle (2019) 32◦55′11.4′′S 151◦45′40.5′′E 0 0 0 1 0 2 0 0

Gosford (2012, 2019) 33◦26′12.6′′S 151◦20′27.8′′E 2 0 0 1 1 0 0 2

Broken Bay (2012) 33◦39′07.1′′S 151◦18′09.2′′E 0 0 0 1 0 0 0 0

Watsons Bay (2014, 2016–2017, 2019) 33◦50′36.1′′S 151◦16′51.8′′E 0 0 1 8 1 3 1 0

Botany Bay (2012, 2014, 2021) 33◦59′57.9′′S 151◦07′19.5′′E 0 2 0 1 0 1 1 0

Port Hacking (2011–2012, 2015–2017) 34◦03′44.6′′S 151◦08′27.8′′E 0 0 0 3 1 0 1 1

Kiama (2019) 34◦40′12.9′′S 150◦51′34.3′′E 0 0 0 3 1 0 1 0

Location NR (2016) 0 0 0 1 1 1 0 0

Samples were collected from several different fishing tournaments hosted by a variety of game fishing clubs and by the New South Wales Game Fishing Association
(NR, Not Recorded).

lower jaw to caudal fork; the most commonly used measurement
of length in Istiophorid research) were recorded. Sex was
determined by making an incision in the underside of the fish
and macroscopically inspecting the gonads.

Stable Isotope Analyses
Tissue samples were individually placed in a drying oven (Binder,
ED115) and dried for 48 h at 60◦C. Desiccated samples were
ground into a fine powder using a mortar and pestle, which
was rinsed thoroughly with deionised water and dried between
each sample. Powdered tissue (∼1 g per sample) was placed
into separate 5 mL plastic centrifuge tubes and sent to Griffith
University Stable Isotope Laboratory in Queensland, Australia,
for analysis. Nitrogen, carbon and sulphur stable isotopes were
assessed using a Europa EA GSL element analyser (Europa
Scientific Inc., Cincinnati, OH, United States) coupled to a Hydra
20–22 automated Isoprime isotope ratio mass spectrometer
(Sercon Ltd., Crewe, Cheshire, United Kingdom). Ratios of
15N:14N (δ15N) were expressed as the relative difference between
the sample and a standard of atmospheric nitrogen. Ratios
of 13C:12C (δ13C) were expressed as the relative difference
between the sample and the PDB (Pee Dee belemnite) standard.
Ratios of 34S:32S (δ34S) were expressed as the relative difference
between the sample and the Vienna-Canyon Diablo Troilite.
Ten standards of bovine liver, glycine NBS127 and glycineLSU
1 delta were run with each tray. The standard deviation for
measurements of standards was 0.2–0.4h for δ13C, 0.1–0.3h for
δ15N, and 0.4h for δ34S.

Data Analyses
All statistical analyses were undertaken using R (R Development
Core Team, 2021). As lipid extractions were not done on the
samples, the δ13C values were corrected in individuals with high
C:N ratios as per Kiljunen et al. (2006). Linear mixed-effects
models were constructed in R using the lme4 package (Bates et al.,
2018) with the isotope type included as the response variables in
three separate models. Linear models were used to test whether
isotope values varied between years and locations or between
different sexes and sizes of fish. Significance of each of these main

effects were obtained with an ANOVA type III table using the
anova function in the lmertest package (Kuznetsova et al., 2017).
When comparing isotopic values between marlin species, sex,
date (day, month, and year), and weight were included as fixed
effects with location included as a random effect in all models.
Weight was used as a proxy of size instead of length as length
correlated closely with weight, and weight was recorded for a
higher proportion of our samples. Residuals from the models
met linearity and normality assumptions. Pairwise comparisons
among main effects were obtained using the pairwise method
and a p-value adjustment equivalent to the Tukey test in the
emmeans package (Lenth et al., 2019). Trophic niches for the
three marlin species were estimated and compared using the r
package nicheROVER (Swanson et al., 2015). Within niche rover,
trophic niches were generated using Bayesian analysis of δ13C,
δ15N, and δ34S values at 1,000 runs with a probability level of
alpha = 0.95. A random 10 niche regions were plotted to create
2-dimensional niche projections, these were plotted alongside
biplots and probability plots as part of the nicheROVER package.
The size (as individual values and standard deviations) of the
trophic niche was calculated based on the parameters µ and 6
in a Bayesian context. This allowed the probability of individual
marlin from one species falling within the niche of another
species to be calculated.

RESULTS

Tissue was sampled from a total of 13 black marlin (Istiompax
indica), 73 blue marlin (Makaira nigricans), and 30 striped marlin
(Kajikia audax) (Table 2) and δ13C, δ15N and δ34S were analysed
for each fish (Table 3). The majority of samples were obtained
during the 2018–2021 seasons, with 1 black marlin, 27 blue
marlin, and 6 striped marlin sampled in other seasons (2012–
2017). Mixed effects models determined that find weight, sex,
date, or sampling locations had no significant effect on any of
the three isotopes for black marlin (Supplementary Appendix 1).
For blue marlin, sampling location had a significant effect on
δ34S values (ANOVA: F(7,36) = 3.7093, p = 0.0040), no other
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TABLE 2 | Mean size (±1SD) and size range of male and female marlin of each of the three species sampled: black marlin (Istiompax indica), blue marlin (Makaira
nigricans), and striped marlin (Kajikia audax).

Length (cm) Weight (kg)

Sex Mean St. Dev Min Max Mean St. Dev Min Max

Black Marlin F 210.3 19.5 196.0 239.0 87.0 25.9 68.5 125.4

M 207.0 17.4 187.0 240.0 80.1 19.8 61.5 126.5

Blue Marlin F 247.0 25.7 207.0 330.0 136.4 62.0 63.8 348.5

M 232.1 17.3 206.0 260.0 120.8 26.0 77.0 171.5

Striped Marlin F 237.4 10.4 214.0 253.0 87.7 13.2 70.0 120.2

M 224.3 7.4 211.0 239.0 76.4 9.8 62.2 97.1

TABLE 3 | Mean (±1SD), minimum and maximum stable isotope (δ13C, δ15N, and δ34S) values of each of the three species sampled: black marlin (Istiompax indica) blue
marlin (Makaira nigricans), and striped marlin (Kajikia audax).

δ13C δ15N δ34S

Mean Standard Deviation Min Max Mean Standard Deviation Min Max Mean Standard Deviation Min Max

Black Marlin −15.5 0.5 −16.7 −14.9 13.1 0.5 12.1 13.7 18.9 0.6 17.5 19.6

Blue Marlin −15.2 0.6 −16.5 −12.8 12.5 1.0 9.4 15.1 19.3 0.5 18.4 21.0

Striped Marlin −15.7 0.5 −16.7 −14.2 12.9 0.7 11.5 14.3 18.7 0.7 17.5 20.2

significant effects of weight, sex, date, or sampling location
were found (Supplementary Appendix 1). In striped marlin,
capture date was found to have significant effects on both
δ15N (ANOVA: F(1,21) = 12.6305, p = 0.0019) and δ34S
(ANOVA: F(1,21) = 9.1723, p = 0.0064) values, no other
significant effects of weight, sex, date, or sampling location were
found (Supplementary Appendix 1).

Neither mean δ13C or mean δ15N values differed significantly
between any marlin species (Figure 1 and Table 4). Blue marlin
had a wider range of both δ13C and δ15N values than black and
striped marlin (Figure 2). δ34S also differed significantly between
species with blue marlin having significantly higher mean δ34S
than both black and striped marlin (Figure 2 and Table 4).

Blue marlin had the largest isotopic niche (25.85 ± 1SD 4.25)
followed by striped marlin (22.49 ± 1SD 3.74) and then black
marlin (11.95 ± 1SD 3.29). Black marlin showed the highest
probability to be found in niche regions of other marlin with
an 85.98% probability for blue marlin and 89.60% striped marlin
(Figure 3). Blue marlin had the lowest probability to be found
in the niche region of other species with 50.95% chance to occur
within the black marlin niche and 66.73% chance for the striped
marlin niche (Figure 3). Lastly, the chances for striped marlin to
fall within niche of black marlin and blue marlin were 63.68 and
70.61%, respectively (Figure 3).

DISCUSSION

Overall isotopic values and ranges were similar between marlin,
but there were some differences which suggest some disparities
in their diets and/or movements in temperate eastern Australian
waters. In particular, the isotopic niche that blue marlin occupied
differed to that occupied by black and striped marlin. The similar

mean δ13C and δ15N values across marlin species suggest all
three feed on similar types and sizes of prey sources and likely
within similar environments. However, wider range of both δ13C
and δ15N values in blue marlin than in the other two species
suggests greater dietary variability in prey size/trophic level and
prey type for this species. δ34S was useful in differentiating
between blue marlin and the other two species. Specifically,
the significantly higher mean and narrower range of δ34S
values of blue marlin are indicative of a less benthic or coastal
influence in their prey. These results suggest a slight disparity
between the ecological roles played by different marlin species
off eastern Australia. Statistical analyses showed blue marlin
δ34S differed significantly between locations and that striped
marlin δ15N and δ34S differed significantly between sampling
dates. The locations and dates in which marlin isotopes differed
significantly had sample sizes of 4 or less. The effect of location
and date was noted and included in our models, however, it
is unclear whether these results are ecologically relevant or
whether our opportunistic sampling limited the ability to build
a robust dataset. Samples from a greater latitude and range
of dates are needed to determine the ecological significance
of these effects.

Stable isotope analysis of marlin in our study typically
supported what is known from other isotope studies in other
areas of the world for these species. The only other study to have
analysed black marlin isotopes, undertaken in Taiwan, recorded
remarkably similar means and ranges for both δ15N and δ13C
(Chiang et al., 2020) possibly suggesting similarities in feeding
ecology between the two regions for this species. While specific
values differed, blue marlin in our study demonstrated similarly
higher variability in δ15N compared to δ13C observed in other
regions (Logan and Lutcavage, 2013; Torres Rojas et al., 2013;
Chang et al., 2019; Chiang et al., 2020). The two studies that have
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FIGURE 1 | Boxplots of mean isotope (δ13C, δ15N, and δ34S) values for three marlin species: black marlin (Istiompax indica), blue marlin (Makaira nigricans), and
striped marlin (Kajikia audax).

TABLE 4 | Results of ANOVA tests run on linear mixed effects models comparing isotope (δ13C, δ15N and δ34S) values between three marlin species: black marlin
(Istiompax indica) blue marlin (Makaira nigricans), and striped marlin (Kajikia audax).

δ13C δ15N δ34S

Black Marlin vs. Blue Marlin F (84) = 2.0911
p = 0.9869

F (82) = 2.3688
p = 0.1557

F (83) = 8.6424
p = 0.0486*

Black Marlin vs. Striped Marlin F (83) = 2.0911
p = 0.3531

F (84) = 2.3688
p = 0.8604

F (84) = 8.6424
p = 0.6836

Blue Marlin vs. Striped Marlin F (82) = 2.0911
p = 0.1712

F (84) = 2.3688
p = 0.1738

F (83) = 8.6424
p = 0.0003*

* Indicates significance.

analysed striped marlin isotopes (both undertaken in the Gulf
of California) report higher variability in δ15N and δ13C values
than found here (Torres Rojas et al., 2013; Acosta-Pachón et al.,
2015). Every region has its own isotopic baselines and behaviors
limiting cross regional comparison (Cherel and Hobson, 2007),
however, there were similarities between regions which may
help uncover big-picture marlin isotope ecology with future
isoscape information.

Mean δ13C values suggested little overall difference between
the prey sources or food webs utilised by all three species of
marlin on the east coast of Australia, except for potentially
higher prey variability in blue marlin. However, stomach content
analyses undertaken on marlin in other regions consistently show

both inter- and intra- specific differences and variability in prey
species (Ueyanagi and Wares, 1972; Abitia-Cardenas et al., 1999;
Shimose et al., 2006, 2008). While the similarities we observed in
δ13C values may reflect similar prey use in Australian marlin, they
may also reflect the limitations of using δ13C in discriminating
diets in oceanic fish. Specifically, oceanic δ13C variability is
largely driven by latitudinal gradients in phytoplankton carbon
(Raoult et al., 2020), δ13C may therefore not be as effective in
discriminating between prey sources within a relatively narrow
latitude of open ocean. Future studies using δ13C isotopes in
oceanic predators may benefit from collecting prey isoscapes or
from using additional trophic ecology methods such as stomach
content or fatty acid analysis (Young et al., 2018).
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FIGURE 2 | Biplots for δ13C vs. δ15N (D), δ15N vs. δ34S (G), and δ13C vs. δ34S (H); density plots showing distribution of isotope values of δ15N (A), δ13C (E), and
δ34S (I); and bayesian ellipse areas (10 runs plotted) using posterior estimates of ellipses for δ13C vs. δ15N (B), δ15N vs. δ34S (C), and δ13C vs. δ34S (F) for three
marlin species: black marlin (Istiompax indica), blue marlin (Makaira nigricans), and striped marlin (Kajikia audax).

The δ15N results in our research largely aligned with what is
known about marlin feeding through dietary studies. The similar
δ15N range between black and striped marlin suggested a wider
trophic niche or they fed on comparable trophic levels, while
the wider range of blue marlin suggested far more variability in
prey size. Black and striped marlin are known to feed largely on
mid-sized schooling teleosts, though black marlin can also feed
on larger pelagic and mesopelagic prey (Ueyanagi and Wares,
1972; Shimose et al., 2008; Young et al., 2010; Chiang et al.,
2020; Ordiano-Flores et al., 2021). Blue marlin are known to
preferentially feed on scombrids and squid of highly varying size
(Shimose et al., 2006, 2007; Rudershausen et al., 2010). Again,
the SIA of prey species or a multi-method approach (Young
et al., 2018) would allow a more specific identification of the

trophic levels at which marlin species feed and is recommended
for future studies.

Use of δ34S as an environmental tracer proved constructive in
assessment of marlin trophic ecology and differentiating between
species. It is known that bacteria in sediments discriminating
against specific sulphur isotopes leads to differences in isotope
ratios between the coast/benthos and the pelagic environment
(Jorgensen, 1979; Connolly et al., 2004). There is a need
for more evidence of δ34S differences in oceanic species to
establish its use and limits in trophic assessments. As is known
through local recreational fisher catches, black and striped marlin
typically occur far closer to coast than blue marlin in eastern
Australian waters (Ghosn et al., 2015). This created the perfect
scenario for testing the effectiveness of δ34S in discriminating
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FIGURE 3 | Probability of individual marlin isotope values of placing it within the isotopic niche of another marlin species (1,000 runs with probability level of
alpha = 95%) for three marlin species: black marlin (Istiompax indica), blue marlin (Makaira nigricans), and striped marlin (Kajikia audax).

coastal dietary influences in large oceanic predators. Consistent
with the local knowledge, we found lower δ34S in black and
striped marlin and higher δ34S in blue. While more research
using δ34S is needed to truly understand the sensitivity of
sulphur to benthic influences in diet of mostly pelagic fish,
this study provides one of the first examples of δ34S pathways

in apex pelagic predatory fish. Interestingly, other studies have
recorded diving behaviours in marlin that have been attributed
to feeding on more benthic prey (Domeier, 2006; Shimose
et al., 2006). As δ34S is typically lower in benthic fish than
in pelagic fish (Connolly et al., 2004), the high δ34S values
observed in our study were not indicative of any such diving
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behaviours in marlin. Such differences in results, however,
may just reflect limits in our ability to conclude whether this
diving behaviour is present or not off eastern Australia due
to the small number of studies assessing δ34S and the lack of
any prey isoscapes.

The distinct feeding behaviours found in eastern Australian
marlin have key implications for effective management strategies.
Prey stock management is necessary to maintain populations
of predatory fish (Barnett et al., 2010). In having different prey
preferences, anthropogenic or natural changes to prey abundance
may affect blue marlin differently to black or striped marlin
(Layman et al., 2007). This supports the need for species-specific
management for marlin off eastern Australia (Hillary et al., 2015).
In being the first to use δ34S in marlin research, our findings
also have key implications for δ34S use in oceanic environments.
This study adds to the growing amount of research showing the
effectiveness of δ34S in differentiating feeding patterns in marine
species and supports the use of more than two isotopic tracers in
stable isotope research.

The opportunistic sampling undertaken and the lack of ability
to collect any prey or baseline items greatly limited our capacity
to comprehensively understand isotope variation in marlin in this
region. While useful in its lack of invasiveness on marlin stocks
(i.e., no marlin were collected specifically for this research), a lack
of size ranges and sexes for each species makes comprehensive
evaluation difficult. Fish smaller than 60 kg, predominantly black
marlin, are often caught during tournaments, however, as these
fall below the minimum weight allowed at tournaments, our
study lacked representation of these smaller marlin. Our samples
predominantly came from a single location (Port Stephens)
and a narrow range of dates, as such, it limited our ability
to determine whether the differences observed in location and
date were ecologically relevant. While the size and sex of
marlin had no significant effects on the isotope ratios of all
three species in our research, this may be an artefact of our
sample range. Other studies found mixed results regarding the
significance of size, sex and date of capture on marlin isotope
ratios (Wells et al., 2010; Logan and Lutcavage, 2013; Torres
Rojas et al., 2013; Acosta-Pachón et al., 2015; Chang et al.,
2019). Similarly, research from dietary studies directly assessing
gut contents found that juvenile blue marlin consumed smaller
and more diverse prey than their larger counterparts, and that
juvenile blue marlin consume a higher quantity of benthic fishes
than adults (Ueyanagi and Wares, 1972; Shimose et al., 2006).
SIA of prey samples can be key in not only identifying the
most likely prey species consumed, but also in interpreting
consumer isotope ratios (Raoult et al., 2019). The lack of prey or
baselines largely limited the ability to identify the causes of the
observed variability for all three isotopes in marlin. While we are
confident in our results for adults in this area, caution should be
taken before extrapolating our research beyond the parameters
sampled in our study.

This study documented some similarities and some differences
in the stable isotope ratios between marlin species and found
δ34S to be a key isotope in understanding marlin feeding
ecology. Our findings suggest black and striped marlin feed
on similar trophic levels relatively near to the coast while

blue marlin have higher variability in their trophic level and
feed further from the coast. Prey isoscapes and baselines
would further our understanding of their trophic ecology
and explain some of the differences observed in this study.
Nonetheless, our findings are the first to show isotopic values
of marlin in the South Pacific and contribute to the global
understanding of how marlin feed across oceans and how they
may adapt their trophic niches regionally. Further research
is needed on the movement, ontogeny and seasonality of
marlin in eastern Australian waters. While our findings have
revealed trophic differences that have important implications
for the conservation and management of these species, more
research is needed to effectively manage and protect these
keystone predators.
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