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Abstract
Fish dietary studies are crucial for enhancing understanding of the food web dynamics
and trophic structure of ecosystems which is integral for conservation purposes. The
overarching aim of this study was to assess the extent and nature of any trophic resource
partitioning among three co-familial (Sparidae) fishery species (Black bream
Acanthopagrus butcheri, Tarwhine Rhabdosargus sarba and Pink snapper Chrysophrys
auratus) within an area and time of year in which they all co-occur in the WalpoleNornalup Estuary, south-western Australia. A total of 227 fish gut samples, 186 of which
contained food, were collected across three different size classes (small, 0-150 mm;
medium, 150-250 mm; large, >250 mm total length) of the above species and examined
for gut content composition. Muscle samples from a subset of those fish were also
analysed for their stable isotope (δ13C and 15N) composition to understand their primary
energy sources and relative trophic feeding levels. Overall, dietary composition
differences were small to moderate. The largest species differences occurred between the
omnivorous and estuarine A. butcheri and the carnivorous and marine C. auratus, and
significant ontogenetic shifts were identified only for R. sarba and to a lesser extent A.
butcheri, with both species consuming more plant material with increasing size. As
expected, the primary energy sources of A. butcheri were more freshwater/terrestriallyderived, while those of C. auratus had the greatest marine influences, but unexpectedly,
small-medium A. butcheri had a notably higher trophic level than any other species or
size class. The stable isotope results suggested a considerable amount of trophic overlap
between A. butcheri and R. sarba. With ongoing climate change effects in south-western
Australia, including further salinisation of estuaries and increased abundance of marine
species, trophic competition pressures (particularly between A. butcheri and R. sarba) are
expected to increase in the Walpole-Nornalup Estuary. Given the subsequent potential
impacts on the productivity of these key fishery species, it is suggested that the diets, as
well as the abundance and growth of these Sparidae populations, are monitored to help
ensure a sustainable recreational fishing experience in the Walpole-Nornalup into the
future.
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1. Introduction
The teleost family Sparidae (seabreams) supports significant commercial, recreational and
artisanal fisheries in numerous countries across the world, encompassing Mediterranean
Europe (García-Rodríguez et al. 2006), the Middle East (Grandcourt et al. 2004), North
and South America (Coleman et al. 2004, David et al. 2005), Asia (Paulin 1990), Africa
(Radebe et al. 2002) and Australia (Hughes et al. 2009). Of the 159 species in the Sparidae
family, three are of particular value to Australian recreational and commercial fisheries;
the Black bream (Acanthopagrus butcheri), Tarwhine (Rhabdosargus sarba) and Pink
snapper (Chrysophrys auratus) (Morison et al. 1998, Curnow 1999, Gray and Kennelly
2003, Hughes et al. 2009). These three sparids are important estuarine fishery species,
especially in the case of Black bream that completes its entire life cycle within the
estuarine environment, whereas the latter two marine species capitalise on estuarine food
resources and shelter only during their developmental (juvenile) stages to enable rapid
growth before migrating back to sea (Pollard 1994, Able 2005). Although the diets of one
or more of these three species have been assessed individually in several water bodies
across Australia (e.g.(Paulin 1990, Sarre 1999, Peng 2003, Svensson et al. 2007, Hughes
et al. 2009, Linke 2011, French et al. 2012), no studies have yet documented the dietary
patterns of all three sparids within an area in which they co-occur. Understanding the diets
of co-occurring and particularly co-familial species is of particular importance, as they
may be more inclined to have a high degree of overlap in terms of resource use (i.e.
habitats and food). The resulting inter-specific competition influences their realized niche,
which in turn may affect many aspects of their life history, including growth rate,
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population size, maximum size and length at maturity (Zaret and Rand 1971, Ross 1986).
More generally, obtaining robust data on the diet and trophic interactions of fish species
is critical for understanding their functional role in an ecosystem, which is imperative for
the development of sound conservation and management plans (Schoener 1974, Hyndes
et al. 1997, Platell and Potter 2001).

1.1 Importance of fish dietary studies and the concept of trophic niche
Dietary quantification studies can help determine the trophic niche of a fish species, which
depicts its positioning in the food web and functional interactions with other organisms
via feeding relationships (Shipley et al. 2009). Whilst many definitions exist for the term
“niche”, as described by Whittaker et al. (1973), the term “trophic niche” specifically
measures a species’ relationships to its prey and predators, whereas the broader term
“niche” depicts not only an organism’s feeding relationships, but also the broader set of
conditions, resources and interactions it requires or can make use of (Pollard 1994,
Chuwen et al. 2007, Miller and Spoolman 2011). Furthermore, a species’ “ecosystem
niche” specifically depicts the environmental conditions such as salinity, temperature, pH,
wave action, in which a species can theoretically tolerate and survive in whereas the
“realized niche” is the actual population distribution observed in nature (Elton 1927,
Whittaker et al. 1973).

Together an understanding of trophic and ecosystem niche is imperative for ecosystembased management of key fish stocks, e.g. by identifying habitats that should be protected
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or enhanced to best sustain food sources for future populations (Platell and Potter 2001,
Chuwen et al. 2007).
Combined information on fish dietary composition and trophic niche can be used
to assess differences in diet composition to effectively model and, importantly, predict
ecosystem function. Examples of this approach include the use of ecological network
analysis (Ulanowicz 2004), Stable Isotope Bayesian Ellipses in R (SIBER) (Jackson et al.
2011) as well as multivariate generalised linear models (Cortés 1997). Larger scale
ecosystem-encompassing models include the internationally-recognised Ecopath, Ecosim
and Ecospace software (Pauly et al. 2000, Christensen and Walters 2004, Wang et al.
2012).

1.2 Resource partitioning among closely related species
The degree of functional relatedness of co-occurring species typically influences the level
of trophic niche overlap, with species that share similarities in morphology (e.g. mouth
structures), physiology (e.g. digestive system) and/or habitat (Ross 1986) typically having
higher overlap and hence resource competition. In order to reduce inter- and intra-specific
competition within an area of spatial overlap, organisms commonly employ ‘resource
partitioning’, i.e. by dividing finite resources such as food and habitat to facilitate their
coexistence (Roughgarden 1976, Grossman 1986, Olson et al. 1988). The competition for
resources amongst similar fish species and/or different life-stages can be minimised by,
for instance, the habitation of slightly different habitats, occupying preferred habitats at
different times, and/or consuming different prey types (Ross 1986, Hyndes et al. 1997,
Platell and Potter 2001, Halver and Hardy 2002).
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Resource partitioning is often evident between fish of the same genus (congeneric)
or family (confamilial), and also among different life history stages of the same species
(ontogenetic shifts) (Ross 1986). For instance, in the US, two lake-dwelling sunfish of the
same genus: Large bluegills (Lepomis macrochirus) and Pumpkinseeds (Lepomis
gibbosus) demonstrate resource partitioning both in nature and in laboratory tank
experiments whereby L. macrochrus will feed primarily on open-water zooplankton
(Daphnia) and L. gibbosus will preferentially target vegetation-dwelling gastropods
possibly to reduce resource competition (Mittelbach 1984). To minimise competition
between different life history stages, the juvenile forms of many fishes typically inhabit
the pelagic zone and feed on small planktonic organisms, then later transition to benthic
habitats and feed on larger prey such as crustaceans and molluscs during the adult stage
(Skuīlason and Smith 1995, Robinson et al. 1996, Svanbäck and Eklöv 2003). The
ontogenetic development of morphological traits such as feeding structures (i.e. mouth
gape, shape, dentition) and those related to movement (i.e. muscle tissue growth, swim
bladder formation and body shape) further help to facilitate this separation in dietary niche
between life history stages (Bone et al. 1995, Hyndes et al. 1997, Xie et al. 2001).

1.3 Approaches to characterising fish diets
Dietary quantification studies typically use one or several of the following methods: Gut
Content Analysis (GCA), Stable Isotope Analysis (SIA), Fatty Acid Analysis (FAA) or
environmental DNA analysis (eDNA/DNA barcoding) (Smith et al. 1997, Kawaguchi and
Nakano 2001, Post 2002, Chuwen et al. 2007, Carreon‐Martinez et al. 2011, Kelly and
Scheibling 2012, Baker et al. 2014, Jo et al. 2016). These techniques differ in several
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respects in terms of the type of information they provide. One such difference is whether
they elucidate dietary composition (i.e. GCA, SIA, FAA and eDNA) and/or the trophic
positioning of the organism in relation to other organisms (i.e. SIA and FAA). Another
key difference is the time scale over which diet is represented, with some methods only
measuring the last meal (i.e. GCA and eDNA) and others reflecting diet over time scales
from weeks to months (i.e. SIA and FAA) (Käkelä et al. 1993, Iverson et al. 2002, Linke
2011, Baker et al. 2014). Subsections 1.3.1-1.3.2 will provide a more detailed outline of
the more commonly-used GCA and SIA, while a brief outline of FAA and eDNA is
provided in subsection 1.3.3.

1.3.1 Gut Content Analysis
Gut Content Analysis involves the visual identification of prey items within a dissected
stomach and/or intestine, and the use of specific indices to quantify particular dietary
attributes (Cortés 1997, Baker et al. 2014). These indices include the percentage frequency
of occurrence (%F) of a prey category based on its presence/absence in guts across the
sampled population, and the percentage numerical frequency, %N that measures the
relative abundance of prey in each category within each gut. Bulk-based indices include
the percentage volumetric contribution of each prey category to the total gut fullness of
each individual (%V), or the percentage weight contribution (%W) of each prey category
to the total gut weight (Cortés 1998, Sarre and Potter 2000, Hadwen et al. 2007).
Each of these indices reflects a different perspective of the most recent meal, and
have accompanying advantages and disadvantages. For instance, while the %F is great at
determining the most frequently preyed upon guts for a particular species, it is less
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informative in describing the diet of an individual fish as it relies on presence/absence
data. Whilst the %N has a much finer resolution and can quantitatively describe diet on
both the scale of individual fish and species, it has strong biases associated with the
counting of fragmented and heavily digested prey items and also the quantification of
plant matter such as algae and seagrass (Baker et al. 2014). Alternatively, the %V and %W
reflect the bulk of the most ‘preferred’ prey, but have biases associated with the visual
estimation of prey volume (Baker et al. 2014).
One approach for down-weighting the biases of individual indices is to use a
combination (e.g. %F, %N and %W) to calculate an Index of Relative Importance (IRI)
for each prey category (Pinkas et al. 1971, Cortés 1997). However, criticism of the IRI
method have been made by multiple authors (Berg 1979, Macdonald and Green 1983,
Bowen 1996, Hansson 1998), with the latter arguing that it is strongly influenced by the
taxonomic resolution of each prey categories.
Gut Content Analysis has traditionally been used as the sole means of determining
fish diets since it is simple to conduct, does not require advanced technology or
equipment, and yields quantitative information on dietary composition. However, as
outlined above, it has several limitations, including only measuring the recent feeding
events and the difficulties in accurately identifying readily-digestible prey items (Polis
1984, Michener 1994, Hansson et al. 1997).

1.3.2 Stable Isotope Analysis
Stable Isotope Analysis utilises a mass spectrometer to extract stable isotopes, which are
alternate forms of key elements such as carbon, nitrogen and sulphur, from the tissues of
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a target organism to provide information on its dietary composition, trophic position and
primary energy source (Tieszen et al. 1983, Katzenberg 2007). The isotopic ratio of 13C
(i.e. the ratio between the abundance of the stable C13 isotope and the lighter C12 isotope)

varies substantially between different primary producers (e.g. C3 vs C4 plants), but
changes little with increasing trophic level (Layman et al. 2007). Positive (‘saturated’)
13C values indicate a marine-sourced diet, whereas negative (‘depleted’) values indicate
a terrestrial or freshwater-derived diet (DeNiro and Epstein 1981, Peterson and Fry 1987,
Post 2002, Fry 2006). In contrast, the isotopic signature for 15N (i.e. the ratio between
the abundance of N15 and the lighter N14 isotope) changes predictably and accumulates
along trophic pathways, making it a useful indicator of the trophic level of an organism
(DeNiro and Epstein 1978, Fry 2006, Traugott et al. 2013). 15N is substantially lower in
organisms with low protein diets (e.g. primary consumers) than those with high protein
diets (e.g. secondary and tertiary consumers), due to higher rates of N15 assimilation
relative to excretion in the latter (DeNiro and Epstein 1981, Post 2002, McCutchan et al.
2003).
The isotopic signatures of 13C and 15N can differ substantially both within and
among species. Scatterplots (‘biplots’) reflecting the values of both of these signatures in
each consumer and producer of interest are commonly used in dietary studies, enabling
the visual estimation of trophic levels and key energy sources. However, these stable
isotope biplots can only provide a qualitative measure of trophic level and marine
influence with quantitative techniques such as Bayesian mixing models being required for
formal statistical testing and the determination of trophic niche (Busst and Britton 2016).
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1.3.3 Fatty acid and eDNA analysis
Two alternative means of measuring fish dietary composition are fatty acid analysis and
eDNA analysis, with each having their own specific advantages and limitations. The first
of these methods utilises fatty acids as trophic markers (FATM) which can be extracted
from predator tissue samples to determine predator-prey relationships (Cook 1991,
Iverson et al. 2002, Dalsgaard et al. 2003, Iverson et al. 2004). Since fatty acids pass
reliably from primary producers to consumers up the food chain, they provide an
indication of key food sources over time periods of months to years (St John and Lund
1996, Kirsch et al. 1998, Auel et al. 2002). To date, however, fatty acids have been used
mainly as a qualitative food web marker (i.e. presence/absence of prey items), with
quantitative dietary source measurement (i.e. statistically testable) remaining difficult as
this requires an understanding of how fatty acids differ in a given ecosystem and statistical
models that relate the predator signature to a mixture of possible prey signatures (Iverson
et al. 2004). However, if conducted accordingly, FAA can provide very high-resolution
indicators of trophic linkages, more so than the previously described SIA technique due
to the vast array of lipids in primary producers (Bobbie and White 1980, Dalsgaard et al.
2003, Iverson 2009, Traugott et al. 2013). Fatty acid analysis can additionally be used to
trace the origin of dietary sources and is also capable of distinguishing and characterizing
marine fish and invertebrates with regards to different size groups, potential diets and
habitats (Meziane and Tsuchiya 2000, Abdulkadir and Tsuchiya 2008). The constraints
of the method include that fatty acids are not unique to particular organisms, and the fact
that fatty acid stability largely depends on the organisms’ metabolic strategy and condition
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(Dalsgaard et al. 2003). Because of the limitations associated with this method, it is
typically used in conjunction with a more quantitative measure of diet such as GCA.
Environmental DNA analysis involves examining DNA from homogenised gut
or faecal samples and extracting short genetic markers or “barcodes” which can be
compared against a DNA library such as GenBank for prey identification (Group et al.
2009, Ward et al. 2009, Carreon‐Martinez et al. 2011). Environmental DNA analysis is
advantageous due to its potential to identify prey to a high resolution (up to species or
sub-species level) from degraded samples, which is largely not possible with visual
methods such as GCA. Its ability to be used on faecal samples also allows for non-invasive
dietary identification (Jarman et al. 2002, Deagle et al. 2005). However, eDNA analysis
also has its limitations. For example, it requires a comprehensive library of prey DNA
signatures to reliably interpret consumer dietary composition (Harris 2003, Ward et al.
2009), is prone to contamination with non-target DNA (Binladen et al. 2007, Deagle et
al. 2009, Pompanon et al. 2012), does not provide a quantitative understanding of dietary
composition, is expensive and, like GCA, only reflects the most recent meals (Jo et al.
2016).

1.4 Estuaries and their importance
Estuaries are the transitional waters between marine and freshwater environments. Their
unique physico-chemical conditions are highly dynamic and are influenced by various
climatic and hydrodynamic forces, such as rainfall, tidal flow, streamflow and wave
energy (Wolanski and Elliott 2015, Raimonet and Cloern 2017). Estuarine water
conditions thus vary markedly over daily, seasonal and interannual timescales, as well as
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over horizontal and vertical spatial gradients (Roy et al. 2001, Whitfield and Elliott 2011,
Potter et al. 2015). Estuaries are often extremely productive ecosystems, attributed largely
to the photosynthetic activity of phytoplankton and peri-phyton and the flow of organic
carbon from their catchments (Correll 1978, McLusky et al. 2004, Paerl 2006).
Consequently, they typically sustain abundant faunal communities (Heip et al. 1995,
Costanza et al. 2007, Elliott and Whitfield 2011).
Estuaries provide ‘nurseries’ for the juveniles of many marine and some
freshwater fish species (marine and freshwater estuarine-opportunists, respectively),
migratory routes between the sea and riverine environments for various ‘diadromous’
species, as well as the sole environment for various species able to complete their lifecycle in these dynamic environments (estuarine residents or marine and estuarine species)
(Potter and Hyndes 1994, Sarre et al. 2000, Potter et al. 2015). The fish nursery function
provided by many estuaries reflects not only their immense productivity, but also their
protected shallow waters, often warmer temperatures, as well as their abundance and
diversity of both food sources and habitats (Pollard 1994, Able 2005).
From a societal perspective, the highly productive nature of estuaries supports
many industries such as fishing and ecotourism, and these systems represent important
sources of food and income for local populations (Lenanton and Potter 1987, Blaber 2008,
Whitfield 2016). For instance, in the US, estuarine fish accounted for 46% of the total
catch by commercial fisherman from 2000-04 and approximately 80% of all recreational
landings (Lellis-Dibble et al. 2008). In Australia, around 75% of the national commercial
fishery catch comprises species that spend at least part of their life within an estuary, and
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over 35% of all recreational fishing effort occurs in estuarine systems (Henry and Lyle
2003, Creighton et al. 2015).
The high degree of human activity within and surrounding estuaries does take its
toll on the health of these ecosystems however. For example, many estuaries have been
dredged and modified to accommodate shipping and boating, whilst industrial and
agricultural practices in surrounding catchments have led to various harmful downstream
impacts, such as excessive nutrient and organic matter loading (with subsequent negative
effects on water quality through algal blooms and anoxia), non-nutrient pollution and
sedimentation (Kennish 2002, Paerl 2006, McCluskey and Lewison 2008, Elliott et al.
2016). Fishing also places direct stress on estuarine fish populations, with overfishing
causing potentially dramatic changes to the abundance, size and/or age structure of
targeted species, from which they may take many years to recover, if at all (Blaber et al.
2000, Chuwen et al. 2009, Cottingham et al. 2014, Cottingham 2016a, Cottingham 2016b,
Whitfield 2016).

1.5 Walpole-Nornalup Estuary
The Walpole-Nornalup Estuary, located along the south coast of Western Australia (WA),
is one of only seven estuaries in the broader south-western Australian region that remains
permanently open to the sea (Yeoh 2018). It is also one of the most biodiverse estuaries
along the south coast, and is considered to be largely unmodified from its pristine state
(NLWRA 2002). Surrounded by dense native forest, the Walpole-Nornalup Estuary
supports many ecologically-significant values, including diverse fish communities,
marine mammal species such as the Indo-Pacific bottle nose dolphin (Tursiops aduncus)
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and nesting grounds for native bird species such as the Western osprey (Pandion
haliaetus), as well as various social values including tourism and recreational fishing
(Deeley 2001, Semeniuk et al. 2011). In recognition of these values, the estuary was
gazetted as the Walpole-Nornalup Inlets Marine Park (WNIMP) in 2009. The estuary is
fringed by a town of only 400 residents (ABS, 2016), but which increases substantially
during peak tourist season in summer, many of whom come to the region to fish.
Although the Walpole-Nornalup Estuary is relatively small in size compared to
other estuaries in Australia’s south-west, it has some of the highest recreational fishing
pressures across the region (Smallwood and Sumner 2007). For instance, the annual
recreational harvest of A. butcheri in the Walpole-Nornalup Estuary (i.e. 14.8 tonnes) is
comparable the densely-populated Swan-Canning System which is approximately 16
tonnes (Smith and Smith 2006). In terms of total annual catch statistics for the three sparid
species examined, recreational fishing effort is typically higher for A. butcheri than both
C. auratus and R. sarba. For instance, from 2002 to 2003, the estimated annual
recreational fishing effort for A. butcheri in nearshore marine and estuarine environments
in the South Coast Bioregion was 23.3 tonnes, which was far greater than that of C.
auratus at 2.6 tonnes and R. sarba at 0.5 tonnes (Smallwood and Sumner 2007).
Furthermore, the Walpole-Nornalup Estuary is located in a global climate change hotspot
and is experiencing unprecedented declines in winter rain fall and increasing annual mean
temperatures. Since the 1970s the mean air temperature has risen by an average of 1 ◦C,
whilst an estimated decline in rainfall of 15-20% has caused the overall freshwater flow
to the Walpole-Nornalup Estuary to decrease by more than half (Petrone et al. 2010,
Barron et al. 2012, Silberstein et al. 2012, Hope et al. 2015). These changes have led to
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several estuaries in the region becoming progressively more marine (Valesini et al. 2017,
Hallett et al. 2018), which is likely to impact the trophic niche and distribution patterns of
fish species that use estuaries through changes in their abundance (e.g. based on their
affinities for marine conditions) and that of their food sources. Furthermore, the
accompanying changes to rainfall volume, timing and intensity will likely cause many
intermittently-open estuaries on the south-west coast to close for longer periods, which
may result in the few permanently-open systems such as the Walpole-Nornalup Estuary
becoming even more important as nursery areas for marine fish species (Hoeksema and
Potter 2006, Gillanders et al. 2011).

1.6 Fishery-important species in the Walpole-Nornalup Estuary, with a
focus on sparids
Over 20 commercial and/or recreational fishery species have been recorded in the
Walpole-Nornalup Estuary, including the Australian herring (Arripis georgianus), King
George whiting (Sillaginodes punctatus), Tailor (Pomatomus saltatrix), Estuary cobbler
(Cnidoglanis macrocephalus) and the Southern bluespotted flathead (Platycephalus
speculator) (Potter et al. 1996, Smallwood and Sumner 2007, Fletcher and Santoro 2012,
Ryan et al. 2015, Yeoh 2018). Among these species, three of the most recreationallytargeted in the estuary are from the Sparidae family, namely the Black bream
(Acanthopagrus butcheri), Pink snapper (Chrysophrys auratus) and Tarwhine
(Rhabdosargus sarba).
Of the three sparid species in the Walpole-Nornalup, A. butcheri is the only one
that completes its life cycle within the estuarine environment. Chrysophrys auratus and
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R. sarba are considered marine-estuarine opportunists, and thus utilize the estuary only
during their juvenile phase (Potter and Hyndes 1999). After maturity, all three sparids
frequently occupy a bentho-pelagic positioning in the water column and therefore, are
likely to feed on prey from both the benthos and surface waters of estuarine systems
(Antonucci et al. 2009, Santini et al. 2014). Sexual maturity is reached between 150-210
mm for R. sarba in WA and between 150-160 mm for A. butcheri in the WalpoleNornalup Estuary (Sarre and Potter 1999, Hughes et al. 2009, Cottingham et al. 2018).
Chrysophrys auratus matures at much larger lengths than the previously discussed sparids
at approximately 600 mm for females and 586 mm for males (L50) on the south coast of
WA (Wakefield 2006). Acanthopagrus butcheri and R. sarba share the same Minimum
Legal Length (MLL) of capture at 250 mm, whereas the MLL for C. auratus is a much
larger 410 mm; individuals of which are very rare in the Walpole-Nornalup Estuary as
adults will typically leave the system once they reach maturity (DPIRD 2018, Yeoh 2018).
Currently considerable information exists on the diets of these species in estuarine
and/or marine waters. For instance, Rhabdosargus sarba feeds predominately on
crustaceans, molluscs, macrophytes and sediment-dwelling invertebrates, but has been
found to become herbivorous with increasing size (Peng 2003). In the Walpole-Nornalup
Estuary, A. butcheri has been found to share similar feeding trends to R. sarba, feeding
on small polychaetes and amphipods during the juvenile stages of development (<99 mm)
and progressively feeding on larger volumes of seagrass (Ruppia megacarpa) throughout
maturity (Sarre et al. 2000). From previous studies in WA estuaries, it has been found that
A. butcheri is a highly ecosystem plastic species in the sense that their diet is very variable
depending on the conditions of the prevailing ecosystem (Sarre 1999, Sarre et al. 2000,
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Chuwen et al. 2007). For example, A. butcheri in the Wellstead Estuary fed primarily on
macroalgae (Chaetomorpha spp.) and tube-dwelling amphipods, whereas seagrass
(Ruppia megacarpa) and teleosts were consumed in much higher volumes by those in the
Walpole-Nornalup Estuary (Sarre et al. 2000). Chrysophrys auratus however, tend to
remain primarily omnivorous throughout life, but have been documented to feed on larger
brachyuran crabs, teleosts and echinoids at larger sizes, and hence tend to be more
carnivorous than the aforementioned sparids (Colman 1972, Russell 1983, French et al.
2012).

1.7 Study significance and aims
A recent acoustic fish-tracking study by Yeoh (2018) highlighted a considerable degree
of spatial and temporal overlap in the distributions of the above three sparid species in the
Walpole-Nornalup Estuary, namely in the eastern Nornalup Inlet and Frankland River
mouth (Figure 2.1) during autumn when salinities throughout much of the system remain
largely marine. Such a degree of overlap, and the fact that all of these species occupy a
bentho-pelagic position in the water column and are considered to some degree to be
opportunistic feeders (Antonucci et al. 2009, Santini et al. 2014), raises the question of
how these confamilial species partition their food resources in this estuarine system.
Whilst research into the diets of A. butcheri has been undertaken in the Walpole-Nornalup
Estuary (Sarre et al. 2000, Sarre and Potter 2000), no research has been conducted on the
diets of R. sarba or C. auratus in the system, nor has the degree of resource overlap been
assessed between the three sparids in any estuarine environment throughout Australia.
Information on the diet and trophic interactions of these sparids is essential in
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understanding their functional role in the Walpole-Nornalup Estuary, and is necessary for
the effective management of this strong recreational fishery (Schoener 1974, Hyndes et
al. 1997, Platell and Potter 2001). This study will aid in filling the knowledge gap as to
how sparids partition their food resources within the Walpole-Nornalup Estuary, as well
as contribute to wider understanding of confamilial resource partitioning among estuarine
fish species. The specific aims of this study are as follows, with accompanying hypotheses
shown in italics.

1. To use Gut Content Analysis to assess the extent of any differences in dietary
composition amongst A. butcheri, R. sarba and C. auratus within the area and season
of greatest overlap in the Walpole-Nornalup Estuary. It is hypothesized that the most
dietary overlap will occur between A. butcheri and R. sarba with these species being
largely omnivorous, whereas C. auratus is anticipated to have a more carnivorous
diet.

2. To evaluate any differences in dietary composition amongst three size classes (0-150
mm, 150-250 mm and >250 mm total length) of the sparid species. It is hypothesized
that significant ontogenetic shifts will occur between the smallest and largest size
classes within each sparid species. Furthermore, the greatest overlap will occur
between the smallest size classes of the various species, with less overlap occurring
between the largest size classes, which are likely to have more specialised
morphological traits and habitat preferences than their juvenile counterparts.
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3. To determine the trophic level and primary energy sources (marine or freshwater/land
derived) of each of the above sparid species using stable isotope analysis, to gain
insights into their positioning on the food web in the Walpole-Nornalup Estuary. It is
hypothesized that C. auratus will be at a higher trophic level and have a more marinederived diet than the other sparids, whilst A. butcheri and R. sarba will lie at a similar
trophic level and have a more terrestrial-derived diet.

2. Methods
2.1 Study area
The Walpole-Nornalup Estuary is located on the south coast of Western Australia
(35.005° S, 116.725° E). It has two basins, the Walpole Inlet (100 ha) and larger Nornalup
Inlet (1300 ha) that are fed by three main tributaries, the Frankland, Deep and Walpole
rivers (Figure 2.1). The Walpole-Nornalup Estuary maintains a permanently-open
connection to the sea, with its narrow entrance (~200 m wide) being sheltered from marine
sand deposition by steep granite hills (Pen 1997, Hodgkin and Hesp 1998, Semeniuk et
al. 2011). Overall, the main basins are quite shallow with an average depth of
approximately 1 m, with the deepest points (~6 m) located in their centres, whilst the
depth of the three rivers are approximately 2 m on average but can reach up to 5 m in
certain areas (Hodgkin and Clark. 1999).
Both basins have little structural complexity and typically have bare sand or silty
mud substrates, with isolated areas of seagrass and rocky reef. The tidal rivers have
substantially more structure due to fallen trees and the dense fringing vegetation (Huisman
et al. 2011, Semeniuk et al. 2011).
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The majority of freshwater flow entering the estuary is provided by the Frankland
River (~ 60%), whereas the smaller Deep and Walpole Rivers provide 30 and 5% of flow,
respectively (Hodgkin and Clark 1988, Brearley 2005, Semeniuk et al. 2011). The basins
typically have a strong marine influence, with salinities in the deeper waters remaining
close to that of sea water for most of the year (i.e. 35 ppt), with heavy rainfall during the
winter months causing the rivers to be primarily fresh throughout (Hodgkin and Clark
1988, Brearley 2005, Semeniuk et al. 2011). The Frankland River in particular, is
secondarily salinized and because of such experiences further salinisation from
agriculture and urbanisation (Brearley 2005, Semeniuk et al. 2011).
The Walpole region experiences a temperate climate that is microtidal (<0.9 m
tidal range) and receives 1300 mm of rainfall per year, which is nearly twice that of Perth,
the capital city of WA, at ~734 mm (Brearley 2005, Water Corporation WA 2018,
Semeniuk et al. 2011). The catchment area for the Walpole-Nornalup Estuary is the
second largest on the south coast of WA at 5,785 km2, with the majority of the catchment
area comprising of undulating forests and low-lying peat swamp (Brearley 2005). Whilst
the majority of catchment for the Deep and Walpole Rivers remains as untouched national
parkland, the northern end of the Frankland river catchment have been extensively cleared
for agricultural purposes which include cereal cropping, sheep farming, and the
cultivation of vegetables (Brearley 2005).
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Spatial
Overlap

Figure 2.1. Map of the Walpole-Nornalup Estuary, showing the area (red zone) in which
the overlap of Acanthopagrus butcheri, Rhabdosargus sarba and Chrysophrys auratus
was found to be the strongest by Yeoh (2018). Inset shows the location of the estuary
in Western Australia. Map was modified from www.parks.dpaw.wa.gov.au.

2.2 Field methods
Fish sampling was conducted in the north-eastern region of the Nornalup Inlet and lower
Frankland River (see red zone on Fig. 2.1) during the Austral autumn (May and early
June) of 2018. This sampling area and time of year was shown by Yeoh (2018) to
represent the highest degree of spatio-temporal amongst the three sparid species of
interest.
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Individuals of the three target species were sampled using various fishing
techniques, including sunken multi-mesh gillnets (160 m in length, 2 m in height with
mesh diameters of 38-127 mm) in deeper waters (>1.5 m deep), beach seine nets (21.5 m
in length, 1.5 m in height with mesh sizes of 3-25 mm) in the shallows (<1.5 m deep), and
rod and line in targeted areas. Seine nets were deployed in the morning from 0600 to 0900
h in shallow sandy locations and hauled onto the shoreline of the sampling region, whereas
the gill nets were deployed at night from 2000 h and retrieved three hours later. For rod
and line fishing, artificial lures were mainly used to reduce the contamination of fish
stomach contents with bait. However, to better attract Pink snapper in particular, river
prawns (Malacostraca) and sardines (Sardinops sagax) were also used as bait, then were
removed from the gut contents prior to analysis (see below). All retained sparids were
immediately euthanized in an ice slurry following capture, then were later frozen after
stable isotope samples were acquired. Wherever possible, all individuals of non-target
species that were caught during sampling were immediately returned alive to the water.
For each of the target species, individuals spanning the full size range typically
present in south-western Australian estuaries (i.e., 0-350 mm) (Potter et al. 1993, Potter
and Hyndes 1994) were sought during sampling. Fish were then assigned to one of three
size classes, namely 0-150 mm, 150-250 mm and >250 mm in total length (hereafter
referred to as small, medium and large fish, respectively). The smallest size category
represents sexually immature individuals of all three sparid species, whereas the medium
size category encompasses individuals that are either just reaching sexual maturity or are
sexually mature in the case of A. butcheri and R. sarba (i.e. ~150-160 mm and 150-210
mm respectively; Cottingham et al. 2018, Hughes et al. 2009). Chrysophrys auratus does
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not mature until it reaches lengths of ~ 600 mm (Wakefield 2006). The larger size category
was chosen to represent individuals that are above the minimum legal length of capture
(MLL) for A. butcheri and R. sarba (250 mm) (DPIRD, 2018). The MLL for C. auratus
is 410 mm (DPIRD, 2018). A sample size of 30 individuals from each respective size
class was originally aimed to be analysed but due to limited sampling time and the success
of fishing techniques, the actual examined sample size varied slightly amongst size classes
(three and zero R. sarba and C. auratus captured >250 mm).

2.3 Laboratory methods
2.3.1 Gut Content Analysis
The total length (to the nearest mm) and weight (to the nearest g) of each fish was initially
measured before the guts (stomach and intestine) were then removed and stored in 70 %
w/v ethanol. Gut Content Analysis was conducted by first estimating gut fullness by
ranking the gut from 1-10 in terms of how much volume identifiable prey items took up
in reference to the total volume of the gut. Prey items were then identified to the lowest
possible taxonomic resolution under a dissecting microscope using various taxonomic
keys for each respective prey type including Crustacea.net, POLiKEY as well as various
algal taxonomy books (Huisman et al., 2006).
Three indices were chosen to quantify gut contents, which each reflected a different
perspective of dietary composition (see subsection 1.3.1). These included the percentage
frequency of occurrence (%F), volumetric contribution (%V) and the weight contribution
(%W) of each prey category. The %F was calculated for each prey category by dividing
the total amount of guts the item appeared in by the total number of guts in each of the
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examined sparid size classes. The %V was determined by placing the contents of each gut
onto a petri dish marked with a 10x10 mm grid, sorting them based on prey type, then
dividing the number of squares occupied by each prey type by the total number of
occupied squares. Percentage weight contribution (%W) was obtained by weighing each
prey category within a single gut and dividing this value by the total weight of all
combined items in that gut.

2.3.2 Stable Isotope Analysis
Approximately 1-2 g of dorsal muscle tissue was removed from the upper region directly
posterior to the head and before the beginning of the dorsal fin. Muscle tissue was
removed from fresh fish using a sterile scalpel, then placed into a 2 ml Eppendorf
container and frozen at -20 ◦C for later processing. Tissue samples were taken from eight
individuals of each species and size class, with the exceptions of the >250 mm size class
for both R. sarba and C. auratus, for which only three and no fish were caught,
respectively.
These tissue samples were dried in a drying oven at 60 ◦C for approximately 48
hours until they were completely dry and firm. The samples were then processed through
a TissueLyser to convert them into a fine powder suitable for stable isotope analysis
(Skrzypek 2013). The powdered samples were weighed into 5x8 mm tin capsules (0.5 mg
excluding capsule weight) and were sent to Edith Cowan University, Western Australia,
to be analysed for δ13C and δ15N signatures using a continuous flow-isotope 10 ratio mass
spectrometer. Nitrogen isotope raw data was normalised to the international scale based
on multi-point linear regression using IAEA-N2 (δ15N vs Air =m20.3‰), IAEA-CH600
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(δ15N vs Air = 1.0 ‰) and USGS40 (δ15N vs Air = -4.5‰). Carbon isotope raw data was
normalised to the international scale based on multi-point linear regression using IAEACH6 (δ13C vs VPDB = -10.449‰), IAEA-CH600 (δ13C vs VPDB=-27.771‰), IAEALSVEC (δ13C vs VPDB = -46.6‰) and USGS40 (δ13C vs VPDB = -26.389‰).

2.4 Statistical methods
2.4.1 Gut Content Analysis
All of the following statistical analyses were conducted using the PRIMER-E v7
multivariate statistical software (Clarke and Gorley 2015) with the PERMANOVA+ addon module (Anderson et al. 2008). Only “full guts”, i.e. those that have at least one
identifiable prey item were considered in GCA, with items such as sand, scales being
excluded from statistical testing, as they provide little to no nutritional value. Prior to
analysis, the data for %V and %W of each prey type in each gut sample were initially
square-root transformed to reduce skewness and better balance the contributions of
dominant and less dominant prey categories. For each of these two data sets, a
resemblance matrix was then constructed using the Bray Curtis resemblance measure. A
two-way Permutational Analysis of Variance test (PERMANOVA; Anderson et al. 2008)
was then conducted on each matrix to assess whether dietary composition differed
significantly between species and/or size classes. Both factors were considered fixed and
were crossed with each other, and the null hypothesis of no significant difference among
groups was rejected if the significance level (P) was <0.05. The components of variation
value (COV) for each significant term was used to determine their relative importance.

23 | P a g e

Subsets of the above resemblance matrices were then subjected to one-way
Analysis of Similarity tests (ANOSIM; Clarke and Green 1988) to further explore any
significant differences in dietary composition detected by PERMANOVA. For both the
%V and %W matrices, ANOSIM tests for size class differences were undertaken
separately for each species, and vice versa. The criterion for rejecting the null hypothesis
of no significant differences amongst groups was the same as that for PERMANOVA,
and the extent of any significant differences were judged by the magnitude of the Rstatistic.
To visualise any significant dietary composition differences between species
and/or size classes, the distance among centroids was calculated for each species x size
class combination and used to produce a resemblance matrix, which was then subjected
to metric-MDS ordination. Confidence intervals (95%) of the averages for each species x
size class combination were then calculated using the bootstrap averages routine (100
bootstraps per group), then plotted on a separate mMDS plot along with the group
averages.
To determine which prey taxa were driving any significant differences in %V or
%W among species and size classes, a shade plot (Clarke et al. 2014) was constructed
from the complimentary dietary data. The pre-treated data was first averaged for each
species x size class combination for all prey categories, then the data was used to construct
a resemblance matrix defined between prey categories as Whittaker’s index of
association. This matrix was then subjected to a group-average hierarchical agglomerative
cluster analysis along with a Similarity Profiles test (SIMPROF Type 3;(Somerfield and
Clarke 2013) to identify those points in the clustering procedure in which no significant
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structure (i.e. differences in %V or %W) could be detected. The resulting dendrogram was
used to seriate the order of prey categories along the y-axis of the shadeplot. Samples,
displayed on the x-axis, were ordered by species then size class. Differences in the
magnitude of average %V or %W values were visually depicted via monochromatic
shading, with darker samples reflecting larger values.

2.4.2 Stable Isotope Analysis
Mean (± SD, standard deviation) values of δ13C and δ15N signatures for each species and
size class combination were plotted as a scatterplot (biplot) to illustrate any differences in
their primary energy source (δ13C) and/or trophic level (δ15N). Inflated δ13C values were
considered to represent a more marine-derived diet, while lower values were considered
to reflect dietary sources from freshwater/terrestrial origins (DeNiro and Epstein 1978,
Burns et al. 1998).
A second biplot was constructed using the average (± SD) δ13C and δ15N values
for various fish and elasmobranch species and their potential prey recorded by Svensson
et al. (2007) in the Walpole-Nornalup Estuary in April 2001. The sampling of prey taxa
by Svensson et al. (2007) was conducted within the area of sparid overlap sampled in the
current study. The average δ13C and δ15N values for each sparid species in this study were
also plotted on the same biplot of the Svensson et al. (2007) data to determine (i) whether
sparid signatures from the current study were comparable to those recorded nearly two
decades ago, and if so, (ii) which other taxa sampled by Svensson et al. (2007) are likely
to be potential food sources or predators of the sparids sampled in this study.
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3. Results
3.1 Overall characteristics of sparid gut contents
In total, 227 guts were examined across the three Sparidae species caught in the zone of
spatial overlap during autumn 2018, 186 of which contained identifiable items and hence
were included in subsequent dietary analyses. Identifiable items were found in 15-51 guts
of each size class for each species, except for C. auratus, for which only five fish in
smallest size class contained food. Only one large-sized C. auratus was caught within the
area of sparid overlap but was found to have no identifiable prey items and was hence
excluded from analyses. Further information on the proportion of full to empty guts,
average estimated gut fullness and the most frequently preyed upon dietary taxa (%F) is
provided for each sparid species and size class in Table 3.2. In terms of the gears used to
capture sparids, seine nets were most effective for capturing A. butcheri and caught over
5 times more bream than rod & line fishing techniques (Table 3.1). Rod & line fishing
and seine nets captured roughly equal numbers of R. sarba, whereas C. auratus were
caught exclusively with rod & line techniques due to their close association with rocky
substrates that would pose a snag risk to netting techniques (Table 3.1).
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Table 3.1. Summary table of the gear type used to capture sparids in each size class.
Values depict the total number of sparids caught with identifiable prey items within their
entire gut contents.
Size Class
0-150 mm

150-250 mm

>250 mm

Total

20

51

28

99

5

11

16

20

46

17

83

16

32

15

63

Rod & Line

3

18

6

27

Seine Net

13

14

9

36

5

19

24

5

19

24

Acanthopagrus butcheri
Rod & Line
Seine Net
Rhabdosargus sarba

Chrysophrys auratus
Rod & Line

3.1.1 Acanthopagrus butcheri
Food was present in the guts of 99 of the 109 A. butcheri that were caught, with 20, 51
and 28 individuals in the smallest, medium and largest size classes, respectively. The
average estimated gut fullness across these 99 fish was 50% (SE=2.37), with the seagrass
Ruppia megacarpa having the highest %F (51% of all guts), followed by the bivalve
Arthritica semen (36%) and the red algae Polisiphonia spp. (32%; Table 3.2). Juveniles
in the small size class preyed primarily on A. semen followed by R. megacarpa and
Polychaeta spp., while individuals in the medium and large size classes targeted R.
megacarpa and/or Polisiphonia spp. more frequently (Table 3.2).
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3.1.2 Rhabdosargus sarba
Of the 73 R. sarba examined, 63 had identifiable prey items with each size class consisting
of 16 small, 32 medium and 15 large-sized individuals. While the average estimated gut
fullness was lower than that for A. butcheri (32%; SE=2.78), R. sarba most commonly
preyed upon the same three dietary categories as A. butcheri, and in very similar
proportions (Table 3.2). However, fish in the smallest size class fed more frequently on
amphipods such as P. excavatum than the other two sparids (%F=67%), whilst R.
megacarpa consumption increased progressively throughout maturity (75% for the largest
size class; Table 3.2).

3.1.3 Chrysophrys auratus
Due to difficulties in capture (i.e. limited captures in gill and seine nets), only five small
C. auratus were found with food items in their gut, and due to the scarcity of larger-sized
individuals within the Walpole-Nornalup Estuary, the medium and large size classes of
this species consisted of 19 and zero individuals, respectively. Chrysophrys auratus also
had the highest proportion of empty guts, with only 24 of the 46-fish caught having
identifiable prey items within their stomach and intestines. The average estimated gut
fullness for these 24 fish was 35% (SE=3.81). The consumption of different prey taxa was
much more evenly spread for C. auratus in comparison to the other two sparids, with the
bivalve, Xenostrobus securis having the highest %F value at only 24%. Whilst the small
C. auratus targeted tanaids, barnacles (Cirripedia spp.), X. securis and P. exavatum with
equal frequency, their diet became more varied with increasing size, with X. securis and
decapods being the largest contributors in the medium size class (Table 3.2).
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Table 3.2. Percentage frequency contribution (%F) of each dietary category for each size class (S, M and L) in which “Total” refers to the %F value
across all size classes. Dominant dietary categories (%F>25%) are shaded in grey. Note that dietary categories in the “Other” grouping have not been
included in subsequent analyses, but are shown here to indicate the relative contributions of identifiable vs unidentified gut contents.
Acanthopagrus butcheri
Taxa

Seagrass

Ruppia megacarpa

Chlorophyta Rhizoclonium implexum
Rhodophyta

Polychaete

Crustacea

Bivalve

Insects

Teleost

Other
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Rhabdosargus sarba

Chrysophrys auratus

Dietary Categories
Total

S

M

L

Total

S

M

L

Total

S

M

51

43

61

40

52

17

59

75

4

0

5

2

0

2

3

0

0

0

0

0

0

0

Rhodophyta spp.

1

0

0

3

0

0

0

0

4

0

5

Polysiphonia spp.

32

17

36

37

25

11

33

19

7

0

8

Nereididae spp.

3

4

4

0

0

0

0

0

2

14

0

Polychaeta spp.

29

43

32

13

11

6

8

25

2

0

3

Tanaidacea spp.

6

0

7

10

5

6

5

6

13

29

11

Cirripedia spp.

2

0

0

7

0

0

0

0

11

29

8

Paracorophium excavatum

12

30

7

7

25

67

15

0

4

29

0

Amphipoda spp.

7

13

9

0

14

28

13

0

2

14

0

Isopoda spp.

1

4

0

0

0

0

0

0

0

0

0

Aoridae spp.

1

0

2

0

0

0

0

0

0

0

0

Decapoda spp.

3

0

4

3

3

0

5

0

11

0

13

Amarinus laevis

1

0

2

0

0

0

0

0

4

0

5

Crustacea spp.

7

17

5

3

7

11

5

6

2

0

3

Xenostrobus securis

13

9

4

33

14

11

18

6

24

29

24

Arthritica semen

36

65

30

23

27

33

23

31

7

0

8

Tellina deltoidalis

4

4

5

0

3

0

3

6

0

0

0

Bivalvia spp.

8

4

9

10

4

0

3

13

9

14

8

Arcuatula senhousia

9

13

11

3

8

17

0

19

2

14

0

Hydrococcus brazieri

0

0

0

0

0

0

0

0

2

0

3

Chironomid larvae

1

4

0

0

3

0

0

13

2

0

3

Heteronychus arator

1

0

0

3

0

0

0

0

0

0

0

Leptatherina presbyteroides

4

0

2

10

7

0

3

25

4

0

5

Teleostei spp.

10

9

13

7

5

0

3

19

9

0

11

Atherinidae spp.

4

0

5

3

0

0

0

0

4

0

5

Digested Material

37

13

39

50

25

28

28

13

11

14

11

Sand

6

17

2

7

7

6

8

6

0

0

0

3.2 Differences in gut content composition among sparid species and
size classes
Dietary composition, based on both the volumetric (%V) and weight (%W) contributions
of all prey categories to fish gut contents, differed significantly among sparid species, size
classes and the interaction between these main effects (P = 0.001; Table 3.3). For both
data types, all of the above model terms were of similar importance (i.e. had similar COV
values), but with size class being slightly more influential for %V and the interaction being
most important for %W.

%V

Table 3.3. Mean squares (MS), Pseudo-F values (F), significance levels (P) and Components
of Variation values (COV) for a two-way PERMANOVA test of dietary composition (based on
both %V and %W gut content data) amongst the three Sparidae species (Acanthopagrus
butcheri, Rhabdosargus sarba and Chrysophrys auratus) and size classes (0-150, 150-250 and
>250 mm). Degrees of freedom, d.f.

Effects

d.f.

MS

F

P

COV

Species

2

26231

4.975

0.001

15.402

Size Class

2

31448

5.964

0.001

17.391

Species x Size Class

3

22377

2.829

0.001

15.836

178

4.69E-05

Species

2

22390

4.621

0.001

14.093

Size Class

2

28394

5.405

0.001

16.756

Species x Size Class

3

25342

3.216

0.001

17.549

180

4.73E-05

%W

Residuals

Residuals
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51.345

51.251

Given the significant interaction effect for both %V and %W, further examination
of size class differences was undertaken using separate one-way ANOSIM tests for each
species (Table 3.4), and species differences were similarly explored separately for each
size class (Table 3.5).
Significant dietary differences were detected among size classes for both A.
butcheri and R. sarba, but not in the case of C. auratus for both the %V and %W data sets
(Table 3.4). The overall extent of these significant differences was, however, small (i.e.
Global R=0.138-0.293). Dietary differences were greatest between the smallest and
largest size classes for both A. butcheri and R. sarba but were far more distinct for the
latter species (R=0.539 for %V and 0.581 for %W vs 0.159-0.184 for A. butcheri; Table
3.4). Significant and moderate differences were also found between small and mediumsized R. sarba, while no significant dietary differences were detected between medium
and larger-sized R. sarba or between small and medium A. butcheri based on %V data
(Table 3.4).
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Table 3.4. R-statistic and/or P values for global and pairwise comparisons from one-way ANOSIM
tests of size class differences in dietary composition (small, S: 0-150 mm, medium, M: 150-250
mm, large, L: >250 mm) for each of the three Sparidae species, based on both %V and %W gut
content data. Significant pairwise tests are in bold. Note that the test for C. auratus only includes
fish from the small and medium size classes.

Acanthopagrus butcheri

Rhabdosargus sarba

Chrysophrys auratus

Global P = 0.001

Global P = 0.001

Global P = 0.183

Global R = 0.138

Global R = 0.280

Global R = 0.092

%V

S
S

M

L

0.094

0.159

%W

M

M

M

L

0.346

0.539
0.082

0.150

S
S

S

Global P = 0.001

Global P = 0.001

Global P = 0.532

Global R = 0.158

Global R = 0.293

Global R = -0.016

M

L

0.133

0.184
0.156

S

M

L

0.411

0.581
0.031

Species differences in dietary composition were significant for both the small and
medium size classes, but not the largest one (Table 3.5). However, the extent of these
significant differences was again relatively small (Global R=0.222-0.288 for %V and
0.22-0.296 for %W; Table 3.5). The greatest species differences occurred in the smallest
size class, and specifically between A. butcheri and C. auratus (%V: R = 0.572; %W: R =
0.553). In the medium size class, moderate differences were detected between C. auratus
and both A. butcheri and R. sarba (%V: R = 0.425-0.478; %W: R = 0.369-0.467), but A.
butcheri and R. sarba diets were not significantly different based on either data set (Table
3.5).
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Table 3.5. R-statistics and P values for global and pairwise comparisons from one-way ANOSIM
tests of species differences in the dietary composition (AB: Acanthopagrus butcheri, RS:
Rhabdosargus sarba, CA: Chrysophrys auratus) for each size class, based on both %V and %W
gut content data. Significant pairwise tests are in bold.

The extent of the dietary composition differences among species and size classes
were illustrated by the centroid mMDS ordination plots shown in Figure 3.1 (%V data)
and Figure 3.3 (%W data). Note that since the patterns in these two plots were very similar,
the following provides a general description of both.
The main drivers for the species x size class interaction detected by
PERMANOVA were clearly the notably larger difference (longer trajectory) between
small and medium R. sarba than for any other species x size class combination, as well
as the comparatively smaller differences between medium and large R. sarba (Figs 3.1
and 3.3). With respect to overall species differences, both small and medium-sized C.
auratus were clearly separated from all size classes of A. butcheri and R. sarba,
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illustrating the comparatively large differences in the dietary composition of former
species. Centroids of the smallest size category of all species were also more obviously
separated from those for the medium and larger size classes, which were intermingled
towards the bottom left of the plots (Figs 3.1 and 3.3).
Figures 3.2 and 3.4, derived from the %V and %W data, respectively, reflect the
variation around each of the species x size class group averages by depicting the areas
(ellipses) in which 95% of the bootstrapped averages are expected to fall. For both plots,
the highest variation was found for small C. auratus, most likely reflecting the smaller
sample size for this group (see subsection 3.1.3). The medium size classes for each species
had the smallest amount of variation as the sparids were most commonly caught at these
lengths and hence had a larger sample size than smaller or larger sized individuals (Figs
3.2 and 3.4).

Figure 3.1. mMDS centroid ordination plot derived from the %V dietary composition
data for each species and size class combination. Sample labels reflect fish size class
(S, small; M, medium; L, large).
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Figure 3.2. mMDS ordination plot constructed from the group and bootstrapped
averages of %V dietary data for each species and size class combination (S, small; M,
medium; L, large). Ellipses around each group average represent the 95% confidence
boundaries from 100 bootstrap replicates.

Figure 3.3. mMDS centroid ordination plot derived from the %W dietary composition
data for each species and size class combination. Sample labels reflect fish size class
(S, small; M, medium; L, large).
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Figure 3.4. mMDS centroid ordination plot constructed from the bootstrapped averages
of %W dietary data for each species and size class (S, small; M, medium; L, large)
combination. Ellipses around each group centroid represent the 95% confidence
boundaries from 100 bootstrap replicates.

The shadeplots shown in Figs 3.5 and 3.6, derived from %V and %W data, respectively,
illustrate the key dietary categories most responsible for driving the observed differences
among sparid species and size classes. Overall, the trends in these two shade plots were
very similar. The following thus provides a general description of both plots, with any
differences highlighted where relevant.
The species x size interaction, which as outlined above, mainly reflected the much
greater dietary differences between small and medium R. sarba. Small R. sarba fed
mainly on P. excavatum and other amphipods, whereas medium-sized individuals were
much more herbivorous, feeding predominately on R. megacarpa and Polisiphonia sp.
(Figs 3.5 and 3.6).
Chrysophrys auratus consumed a much more carnivorous diet compared to the
other two sparids and very rarely targeted seagrass or any algal species (Figs 3.5 and 3.6).
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Whilst small-sized C. auratus overlapped with the other sparids in terms of amphipod
consumption, medium-sized individuals consumed much more X. securis, Decapoda spp.
and Tanaids than the other sparids of equivalent size. Acanthopagrus butcheri fed
primarily on R. megacarpa, A. semen and small burrowing amphipod species such as P.
excavatum (Figs 3.5 and 3.6). The shadeplots illustrated the moderate significant
difference in diet between small and large A. butcheri, with smaller-sized individuals
targeting amphipods (i.e. P. excavatum) and R. megacarpa and larger individuals
consuming a broader omnivorous diet containing larger volumes of X. securis, atherinids
such as Leptatherina presbyteroides, R. megacarpa and Polisiphonia spp. (Figs 3.5 and
3.6). Overall, the strongest amount of resource overlap was observed between A. butcheri
and R. sarba, that both consumed large quantities of R. megacarpa in all three size classes
(Figs 3.5 and 3.6).
While the trends in the shadeplots constructed from %V and %W data were
similar, some differences were apparent. For example, ANOSIM detected a significant
difference in dietary composition between small and medium-sized A. butcheri based on
%W, but not %V (Table 3.4). This significant difference mainly reflected a greater %W of
R. megacarpa in the medium fish while the opposite was true for A. semen and P.
excavatum in the small fish (Figure 3.6). Furthermore, the diets of small R. sarba and C.
auratus were significantly different based on the %V data but not %W (Table 3.5). This
is likely due to the greater proportions of Arcuatula senhousia (Asian bag mussels) and
Nereidae spp. (Polychaetes) consumed by small C. auratus in terms of the %V (Figure
3.5).
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Figure 3.5. Shade plot of the pre-treated average %V contribution of the most prevalent prey categories consumed by each species and size class x
(Small: 0-150, Medium: 150-250 and Large: >250 mm). Prey categories were ordered by a hierarchical cluster analysis of their mutual associations
across species size class groups. Dashed red lines in the dendrogram indicate prey categories with significantly similar patterns in %V, as detected
by SIMPROF.
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Figure 3.6. Shade plot of the pre-treated average %W contribution of the most prevalent prey categories consumed by each species and size class
(Small: 0-150, Medium: 150-250 and Large: >250 mm). Prey categories were ordered by a hierarchical cluster analysis of their mutual associations
across species x size class groups. Dashed red lines in the dendrogram indicate prey categories with significantly similar patterns in %W, as detected
by SIMPROF.
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3.3 Isotopic composition of each sparid species and size class
The average (±SD) δ13C and δ15N signatures from muscle samples of fish from each
species and size class were plotted to examine any differences in their trophic level (δ15N)
and/or the extent of marine vs terrestrial dietary influences (δ13C). The resultant biplot
showed gradational trends among both species and their size classes, but the pattern and
extent of differences varied in each case (Figure 3.7). These differences are explored in
more detail for both δ13C and δ15N below.

3.3.1 Trends in average δ13C among species and size classes
Mean δ13C values differed most obviously between A. butcheri and C. auratus, with the
lower values for the former species indicating a more freshwater/terrestrial-derived diet
and higher values for the latter reflecting a more marine-derived diet (Figure 3.7). In
particular, the smallest size class of A. butcheri had the lowest δ13C values and their diet
became progressively more marine-influenced as they matured, with the mean signature
for the largest A. butcheri being only slightly less than that for C. auratus. Average δ13C
signatures for all size classes of R. sarba indicated a brackish/slightly marine derived diet,
but unlike the situation for A. butcheri, the largest size class fed on a slightly more
freshwater/terrestrial-derived diet than the smaller size classes (Figure 3.7).
Despite the above species and size differences in mean δ13C values, there was
considerable overlap in their corresponding standard deviation values (Figure 3.7). Larger
R. sarba as well as medium to large A. butcheri had the highest amount of variability,
suggesting their diet was more varied and opportunistic. Conversely, smaller C. auratus
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and R. sarba had the smallest variability about their mean δ13C values, suggesting a more
specialised diet (Figure 3.7).

3.3.2 Trends in average δ15N among sparid species and size classes
Mean δ15N values showed that A. butcheri, and particularly small and medium-sized fish,
occupied a higher trophic level than all other species and size classes, especially compared
to small R. sarba and medium-sized C. auratus (Figure 3.7). Additionally, the trophic
level decreased with increasing size in A. butcheri and to a lesser extent in C. auratus, but
increased with size in R. sarba.
As for the mean δ13C values, the standard deviations around mean δ15N values
were considerable in some cases and often overlapped with others, especially at lower
trophic levels (bottom right of the biplot). The greatest variation around mean δ15N,
however, was detected for large and medium-sized R. sarba (Figure 3.7).
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Figure 3.7. Biplot of the mean (± SD) δ13C vs δ15N values of the three sparid species
and size classes.

3.4 Isotopic signatures of sparid species in relation to those of potential
predators and prey
Comparison of the trophic levels and primary energy sources of the three sparids recorded
in this study with the single sparid species sampled by Svensson et al. (2007) in 2001 (A.
butcheri) showed that they generally occupied a similar area on the biplot and had a high
degree of isotopic overlap (Figure 3.8). However, the δ13C values for A. butcheri recorded
by Svensson et al. (2007) were higher (more marine-influenced) than those recorded for
this species in the study, and comparison of the corresponding δ15N values indicated A.
butcheri were feeding at a lower trophic level in 2001 than 2018.
Overall, the δ13C signatures for the sparids from both this study and that by
Svensson et al. (2007) were lower than those for any other fish species sampled,
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particularly compared to Trevally (Pseudocaranx sp.). All of the elasmobranch species
sampled (Southern eagle ray Myliobatis tenuicaudatus, Western Shovelnose Ray
Aptychotrema vincentiana and Gummy shark Mustelus antarcticus) had even higher
average δ13C values, reflecting their more marine dietary sources (Figure 3.8). The
isotopic values of the sparids did show some overlap, however, with the Common sand
crab (Ovalipes australiensis) and also other teleost species such as the Bridled goby
(Arenigobius bifrenatus) and Estuary cobbler (Cnidoglanis microcephalus; Figure 3.8).
Potential prey of the sparids sampled in the current study (i.e. taxa positioned
beneath these samples on the biplot) included teleosts such as Leptatherina
presbyteroides, the Blue swimmer crab (Portunus armatus), gastropods (Nassarius sp.),
bivalves (Katelysia spp. and Tellina spp.) and algae (Chaetomorpha linum; Figure 3.8).
Whilst some of these prey items were identified as dietary categories in the gut content
analyses undertaken in the current study (namely L. prebyteroides and Tellina spp.), the
remainder were not recorded in any of the sparid guts examined (Table 3.2).
Australian herring (Arripis georgianus) and Gummy shark (M. antarcticus) had
the highest mean δ15N values recorded by Svensson et al. 2007, and fed at a higher trophic
level than the three sparid species. The positioning of A. georgianus above the sparid
species on the biplot indicates it may be potential predators of these species (Figure 3.8).
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Pseudocaranx sp.

armatus

P. latisulcatus
sp.

Figure 3.8. Biplot of the mean (± SD) δ13C vs δ15N isotopic signatures from the three
sparids collected in this study (denoted by black symbols) and from other biota
collected in the Walpole-Nornalup Estuary in 2001 by (Svensson et al. 2007). Species
consisted of: Acanthopagrus butcheri, Aptychotrema vincentiana, Arenigobius
bifrenatus, Arripis Georgianus, Chaetomorpha linum, Chrysophrys auratus,
Cnidoglanis microcephalus, Halophila ovalis, Juncus kraussi, Leptatherina
presbyteroides, Mustelus antarcticus, Myliobatis australis, Ovalipes australiensis,
Panaeus latisulcatus, Paspalum vaginatum, Philine angasi, Portunus armatus,
Rhabdosargus sarba and Zostera tasmanica.

4. Discussion
Whilst the degree of dietary overlap differed to varying extents across species and size
classes, the greatest amount of overlap was observed between A. butcheri and R. sarba
which both fed on similar proportions of algae and seagrass after reaching a TL of 250
mm. In terms of trophic partitioning, small to medium sized A. butcheri fed at the highest
trophic level and had a notably higher freshwater dietary influence compared to the other
sparids. Both dietary assessment techniques highlighted different aspects of estuarine fish
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diets, with SIA providing an insight into the trophic partitioning and long-term feeding
trends (freshwater vs marine). Gut content analysis on the other hand, facilitated the
quantitative assessment of species and size class differences, and provided information on
the actual prey sources responsible for the observed dietary differences. With the recent
and ongoing impacts of climate change towards both, estuarine morphology and water
chemistry, the abundance of marine species such as C. auratus and R. sarba will likely
increase in estuarine environments like the Walpole-Nornalup Estuary, creating further
competition for resources amongst estuarine and marine fishes. Combined with the
intense recreational fishing pressures in the south-west region, this could lead to
substantial declines in the growth rates and productivity of these key-fishery species and
in particular, the highly targeted A. butcheri. The information derived from this study will
contribute to the understanding of estuarine and marine fish resource partitioning and the
degree of resource competition amongst cofamilial fish species. Furthermore, this study
has provided important baseline information regarding the essential food sources required
by these key fishery species, allowing environmental management authorities to
understand what regions and habitat types should be protected to best preserve the fishing
amenity and ecosystem health of the region.

4.1 Differences in gut content composition among Sparidae species
The largest differences in gut content composition amongst species was observed between
A. butcheri and C. auratus. The former species primarily consumed seagrass (R.
megacarpa), algae (Polisiphonia spp.) and bivalves (A. semen at earlier life stages and X.
securis at later stages), whereas the latter consumed a more varied suite of invertebrate
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and fish prey (e.g. tanaids, X. securis, Cirripedia spp., P. excavatum and decapods) and,
unlike both other sparids, rarely targeted seagrass or algae. The trends observed in A.
butcheri diet in the current study correspond with the findings of Sarre and Potter (1999)
in the Walpole-Nornalup from 1995/96, in which the most frequently consumed dietary
categories were R. megacarpa and various filamentous algal species.
Differences in the structural habitat preferences of A. butcheri and C. auratus
within the area of overlap in the Walpole-Nornalup Estuary may possibly contribute to
these observed differences in diet. During the current study, A. butcheri was more
commonly encountered when line-fishing around wooden snags, whereas C. auratus was
most frequently taken near submerged rocky habitat (pers. obs.). Other studies have also
reported A. butcheri to be closely associated with submerged woody debris such as sticks
and logs (Hindell 2007, Hindell et al. 2008), and C. auratus with rocky substrates (Hartill
et al. 2003, Harasti et al. 2015, Fowler et al. 2017). In the Walpole-Nornalup Estuary,
submerged wooden structures provide an ideal substrate for algal attachment whereas
rocky substrates support both algae and a range of invertebrates such as crustaceans,
barnacles and filter feeding bivalves (Hindell et al. 2008, Fowler et al. 2017). The apparent
habitat preferences of these species therefore expose them to different suites of potential
prey species, as reflected in their dietary composition.
Acanthopagrus butcheri and R. sarba both shared similar omnivorous diets with
dietary overlap particularly occurring in the medium-large size classes. Ruppia
megacarpa, Polisiphonia spp. and A. semen were consumed at very similar frequencies
and in similar volumes and/or weights indicating that considerable food resource overlap
occurs between these two sparids species. Similarly, R. sarba has been found to become
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progressively herbivorous by Peng (2003) in the Swan-Canning Estuary, who also
proposed that resource overlap and partitioning would likely occur between these two
species when co-occurring in estuarine systems in south-western Australia.
However, whilst resource overlap occurred between A. butcheri and R. sarba,
significant but small dietary differences were apparent between the smallest size classes
of these species, with A. butcheri consuming substantially more seagrass and A. semen,
and R. sarba consuming considerably more amphipods, particularly P. excavatum.
Moreover, it is possible that resource overlap between these species may be minimised at
different times of the year throughout this estuary, particularly as both species are known
to be highly opportunistic feeders (Blaber 1984, Sarre et al. 2000, Peng 2003, Chuwen et
al. 2007, Linke 2011). From the acoustic telemetry work by Yeoh (2018), it was found
that R. sarba and C. auratus were displaced further downstream from the Frankland River
during winter when freshwater flows occurred. Consequently, it is likely that resource
competition would be reduced during the wetter seasons, and strongest during summer
and autumn when higher salinities allow the two marine-estuarine opportunist species to
move upstream, increasing their overlap with A. butcheri (Yeoh 2018).
Acanthopagrus butcheri and R. sarba had limited instances of empty guts, with
>85% of individuals containing at least one identifiable prey item. Chrysophrys auratus
however, had a large amount of empty guts, with only 52% of guts found to contain prey
items. A very similar trend was observed in C. auratus caught in shallow marine waters
along the south-west coast of Australia by French et al. (2012), of which only 52% of
individuals under 400 mm in length had items in their guts. This pattern likely reflects the
predatory, carnivorous feeding habits of this species, which typically feeds on smaller
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quantities of protein-rich prey that are less readily available than for instance, seagrass
and algae (Woodward and Hildrew 2002).
Overall, the dietary trends observed between the three Sparidae species supported
the first hypothesis posed in this study, that the greatest dietary overlap would occur
between A. butcheri and R. sarba due to their omnivorous feeding strategies, and that C.
auratus would have a more carnivorous diet.

4.2 Differences in gut content composition among size classes
In general, the greatest gut content differences were found between the small and large
size classes, although this was not the case for C. auratus in which no significant size
class differences were detected, and no individuals in the large size category with food in
their gut were captured. This hence provided evidence against the original hypothesis in
that the greatest differences in dietary composition would occur in the largest size class
as the adults would have more specialised diets due to developments in morphology and
habitat preferences (Marais 1980, Lukoschek and McCormick 2001, Svanbäck and
Bolnick 2007). This was unexpected as typically juvenile fish of different species share
similar diets as the smaller mouth gape and rudimentary dentition limits the range of
possible prey items able to be captured and consumed (Stoner and Livingston 1984,
Wainwright and Richard 1995, Piet 1998, Juanes et al. 2002). Perhaps the lack of
significant differences observed in larger-sized individuals (i.e. A. butcheri and R. sarba)
was because these species became increasingly herbivorous with ontogeny and had strong
overlap in terms of seagrass and algal consumption. This resource overlap was likely
avoided by the juvenile sparids as whilst they primarily fed on the same prey sources
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(namely, P. excavatum and other amphipods), they did so in very different proportions
which would hence contribute to the significant differences between them in terms of both
the %V and %W.
Pronounced ontogenetic shifts were identified between the smallest and largest
size classes of both A. butcheri and R. sarba but were absent between the two size classes
of C. auratus examined. The juveniles of both former species fed primarily on amphipods,
including P. excavatum, as well as A. semen in the case of juvenile A. butcheri. Such
differences in juvenile diets presumably help these two confamilial species to reduce
inter-specific competition for resources during early life stages. With increasing size, both
A. butcheri and R. sarba consumed more plant material (Polisiphonia spp, and/or R.
megacarpa) and the first of these species also ate considerable volumes of the larger
bivalve X. securis. As a result, the degree of dietary overlap, and presumably also resource
competition between these species increased with increasing size (Chuwen et al. 2007).
Similar findings were reported in the Walpole-Nornalup Estuary by Sarre et al.
(2000), in which smaller A. butcheri (>200 mm) primarily targeted polychaetes and
decapods whereas larger fish consumed far greater amounts of macrophytes such as
Juncus sp. and R. megacarpa. Similar ontogenetic shifts were also identified for A.
butcheri in the Wellstead Estuary (Sarre et al. 2000), and for R. sarba in the SwanCanning Estuary (Peng 2003), both of which became more herbivorous with
maturity/increasing size.
It is possible that the greater quantities of energy-rich prey consumed by juvenile
A. butcheri and R. sarba enabled them to grow more quickly to a size at which they were
less vulnerable to predation. In contrast, larger fish would have less pressure for rapid
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growth, and their tendency to target readily-available macrophytes would also reduce
intra-specific competition with their juvenile counterparts.
The lack of significant dietary shifts between the two size classes of C. auratus
examined in this study concurs with the findings of other researchers. For example,
French et al. (2012) and Usmar (2012) found that juvenile snapper <100 mm in size
primarily fed on amphipods and ophiuroid echinoderms in coastal waters, then switched
to feeding on larger teleosts, brachyuran crabs and bivalves above ~300 mm in size. Given
the typical absence of C. auratus at these larger size classes within the estuary (Yeoh
2018), it is likely that any ontogenetic shifts in diet of this species would occur only after
the emigration to the marine environment.

4.3 Primary carbon sources and trophic positioning of Sparidae species
Both C. auratus and R. sarba were found to have similar δ13C signatures that indicated a
brackish/slightly

marine-derived

diet,

whereas

A.

butcheri

had

a

more

freshwater/terrestrial sourced diet, particularly among small to medium-sized fish. These
findings supported part of the third hypothesis posed in this study, namely that C. auratus
would have a more marine-influenced diet than A. butcheri. However, contrary to this
hypothesis, substantial overlap occurred between the δ13C signatures of small to medium
R. sarba and C. auratus. It was further hypothesised in this study that C. auratus would
have the highest trophic positioning of the three sparids examined, however the findings
showed that A. butcheri, and particularly its small to medium size classes, had a higher
trophic level than both R. sarba and C. auratus.
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Larger-sized R. sarba as well as A. butcheri from all size classes had the highest
amount of variability around their mean δ13C and δ15N values, which suggests their diet
was more varied and likely more opportunistic than the other sparids (Figure 3.7). This
coincides with the findings from other sparid dietary studies, as these two species in
particular are well-known opportunistic feeders (Blaber 1984, Sarre et al. 2000, Peng
2003, Chuwen et al. 2007, Linke 2011).
The notably higher trophic level of small to medium A. butcheri compared with
C. auratus was unexpected, given the largely carnivorous diet of the latter species
including higher order prey such as crustaceans, decapods and fish, as found in this and
other studies (Colman 1972, Peng 2003, French et al. 2012, Usmar 2012). The
contradictory findings between GCA and SIA could possibly reflect the difference
between methods in the time scale over which diet is measured, and the snapshot nature
of the current study. It is possible that with further resampling across multiple seasons,
medium and larger-sized A. butcheri may be found to consume greater quantities of
teleosts and higher-order prey than was apparent from this study.
Smaller-sized A. butcheri fed at notably higher trophic levels than their adult
counterparts, whereas the opposite was true for R. sarba. While it is typically expected
that trophic level increases with increasing maturity (Jennings et al. 2002, Romanuk et al.
2011), the gut content findings obtained in this study suggested that both A. butcheri and
R. sarba would decrease in trophic level with maturity due to their increasingly
herbivorous feeding habits. Perhaps the consumption of larger quantities of teleost fish
such as L. presbyteroides and the bivalve A. senhousia by adult R. sarba contributed to
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the increase in trophic level of this species, whereas adult A. butcheri consumed very little
of both of these species.
Comparison of the sparid isotopic signatures recorded in this study with those
recorded for A. butcheri in the Walpole-Nornalup in April 2001 by Svensson et al. (2007)
revealed similar isotopic compositions. However, while it was expected that the food
sources in the Walpole-Nornalup would have become more marine-influenced since the
early 2000s due to climate change effects (Yeoh 2018), the diets of A. butcheri from the
present study were actually found to be slightly more freshwater-influenced than those
recorded by Svensson et al. (2007). These findings could possibly reflect the opportunistic
omnivorous feeding patterns of A. butcheri but also the short time window over which
fish were sampled from both studies, which may be underplaying/skewing any real longer
term trends (Peterson and Fry 1987, Michener 1994, Post 2002, Jardine et al. 2005,
Katzenberg 2007).
When the current sparid isotopic signatures were considered in the broader context
of those for the various other biota recorded by Svensson et al. (2007), the sparids were
shown to exhibit a more terrestrial-freshwater influence than many of the marine teleosts
and elasmobranchs. Moreover, they shared similar trophic levels with many of the other
teleosts, tending towards the top of the food web. The isotopic signatures recorded by
Svensson et al. (2007) also highlighted several potential prey sources for the sparid
species, and whilst some of these prey items were similarly recorded in the gut contents
during this study (e.g. L. presbyteroides and Tellina spp.), many were not (e.g. Katelysia,
Chaetomorpha. and Nassarius spp.). However, some of these items have been recorded
in the guts of A. butcheri by other researchers in the Walpole-Nornalup and other south-
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western Australian estuarine systems, e.g. Chaetomorpha spp. in the Walpole-Nornalup
Estuary (Sarre et al. 2000) and Nassarius burchardii in the Stokes Inlet (Chuwen et al.
(2007). It should also be noted that whilst Svensson et al. (2007) assessed a wide range of
possible prey taxa of the three studied sparids, isotopic signatures were not reported for
some key prey species identified through GCA in the current study. These included
Polisiphonia spp., species of amphipods such as P. excavatum, Polychaetes as well as the
seagrass, R. megacarpa.
Based on the trophic signatures obtained by Svensson et al. (2007) and those
collected in the current study, possible predators of the three sparids included the
Australian herring (A. georgianus) and Gummy shark (M. antarcticus). Australian herring
have been found in previous studies to primarily feed on small crustaceans, bivalves and
smaller prey attached to seagrass blades, and whilst they occasionally target small ‘bait
fish’ such as whitebait, anchovies and pilchards, they are unlikely to be a key predator of
the three sparids (Robertson and Hansen 1982, Smith and Brown 2014). Gummy shark,
however, have been found to feed on crustaceans, cephalopods and teleosts such as wrasse
(Labridae) and other smaller demersal fish species (Robertson and Hansen 1982). Whilst
such predation has not been documented in the Walpole-Nornalup Estuary, it may be
possible that the Gummy shark occasionally predates on the three studied sparid species.
However, it is more likely that humans are the sparids’ most significant predator in the
Walpole-Nornalup Estuary, combined with piscivorous birds such as cormorants, pelicans
and ospreys, which are major predators of A. butcheri within the Swan River Estuary
(Sarre and Potter 1999, Smith et al. 2009).
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The overlapping distributions of the three sparids within the study zone around the
lower Frankland River likely reflect a combination of influences, including physical
habitat preferences, prey abundance, salinity, dissolved oxygen and tidal conditions
(Blaber and Blaber 1980, Sarre and Potter 1999, Sakabe and Lyle 2010, Watsham 2016).
From the research by Yeoh (2018), it was hypothesized that the shallower riverine waters
would have rich sediment invertebrate communities since hypoxia was likely present in
the deeper inlet waters due to the microtidal nature of the Walpole-Nornalup Estuary (Eby
and Crowder 2002, Tyler et al. 2009, Tweedley et al. 2016, Warwick et al. 2018). Whilst
the key factors influencing the Sparidae overlap within the Walpole-Nornalup Estuary
have yet to be documented, the findings from this study indicate a moderate amount of
resource overlap and hence, trophic partitioning amongst sparid size classes.

4.4 Trophic partitioning
Overall, the greatest amount of inter-specific food resource partitioning was found
between C. auratus and the other sparids, with the gut content data reflecting a clearly
more carnivorous diet for the former species and an omnivorous diet that tended more
towards herbivory with size for A. butcheri and R. sarba. However, the longer-term
dietary preferences reflected by the stable isotope data indicated a moderate degree of
trophic overlap between C. auratus and particularly R. sarba. This could possibly be due
to overlap in amphipod consumption (e.g. P. excavatum), but also highlights the
difference in data generated by both gut content analysis and stable isotope analysis in
estimating dietary characteristics.
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The stable isotope analysis results also supported the observed instances of intraspecific overlap, (particularly amongst small to medium sparids), with the exception of
the slight trophic separation observed between medium to larger- sized R. sarba. Similar
instances of resource overlap were identified in sparids of the Diplodus genus in the
Mediterranean by Sala and Ballesteros (1997), with these workers concluding that food
resources were sufficiently partitioned amongst size classes to reduce intra-specific
competition.
Whilst there was clearly some inter- and intra-specific dietary overlap observed
between the three sparids species in this study, sustainable resource partitioning should
not be does not necessarily suggest that those species feed on completely different prey
types. Instead, it is far more likely to reflect differences in the proportion and relative
abundance of prey consumed in order to spread predation pressures on prey sources, and
allow for the sustainable coexistence of confamilial species (Platell et al. 2010, Lek et al.
2011, French et al. 2012). Thus, whilst overlap was present in the consumption of dietary
items, these items were consumed to different extents, which would overall lower the
effects of competition and assist in maintaining sustainable coexistence. However, there
were cases of when species ate prey items in similar proportions such as the consumption
of Polisiphonia by medium-sized A. butcheri and R sarba.

4.5 Management implications and directions for future research
This study has found considerable dietary resource overlap both between the different
Sparidae species examined, and also between different developmental stages of those
species. With current and future trends indicating a drying and warming climate in south55 | P a g e

western Australia (Hope et al. 2015) and thus increasing salinisation of estuaries, the
projected increases in abundance and diversity of marine species in these systems (Hallett
et al. 2018) could lead to an increase in competition for food resources among the above
sparid species in the Walpole-Nornalup Estuary.
In the near future, further reductions in river flow are also likely to increase the
frequency of low dissolved oxygen concentrations in the deeper waters (Hallett et al.
2018) and may generate the widespread hypoxia that has been observed in similar systems
in the south west of WA (Brearley and Hodgkin 2013, Cottingham et al. 2014, Valesini
et al. 2017). Combined with projected increases in salinities, this could severely reduce
the amount of habitat available for estuarine species such as A. butcheri. The resulting
habitat compression has been correlated with declines in the growth and body condition
of A. butcheri in the Swan-Canning Estuary (Cottingham et al. 2014, Cottingham et al.
2016, Cottingham et al. 2018). Furthermore, hypoxic events could also have drastic
implications to the food abundance for the sparids in the Walpole-Nornalup Estuary (Wetz
and Yoskowitz 2013, Cottingham et al. 2014). Since A. butcheri is confined to living
within the Walpole-Nornalup Estuary, such increased resource overlap may result in
substantial negative effects on this population, including contributing to reduced growth
rates, poorer body condition and a decline in overall abundance (Byström et al. 1998,
Fullerton et al. 2000). As A. butcheri are the most targeted fishery species in the estuary
(Smallwood and Sumner 2007), this may result in reductions to the fishing amenity of the
ecosystem (Yeoh 2018). Currently, it takes 15.5-17.5 years for A. butcheri in the WalpoleNornalup Estuary to reach the MLL of 250 mm, as opposed to 3.6-12.4 years in other
estuaries in the south west (Cottingham et al. 2018). Further resource competition
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amongst these sparid species could hence further contribute to the already slow growth
rates of A. butcheri.
Given the known competitive pressures between sparids in the Walpole-Nornalup
Estuary, it is suggested that fisheries managers in the area closely monitor the health of
the fishery in terms of sparid abundance, growth rate, size composition, body condition,
etc. The WNIMP already has substantial recreational fishing pressures in contrast to many
other estuarine systems in the south west, with further climate change and possible
increases in sparid resource overlap, serious consequences could occur to the health and
recreational fishing amenity of the system. The findings from this study will provide a
baseline as to how the sparids partition their resources now to identify any changes in
resource overlap/competition in the future.

4.6 Limitations and avenues for future research
In terms of study limitations, firstly it should be noted that GCA can only provide a shortterm measure of the most recent meals. Since sampling was conducted over two weeks in
late May and early June, this study provides only a brief snapshot of the species’ true diet,
which may change due to many factors such as site, season, rainfall, etc. (Sarre 1999,
Platell et al. 2007). To obtain higher resolution dietary information, resampling could be
conducted periodically throughout the year to assess for differences among seasons.
Secondly, GCA may underestimate the contribution of relatively soft-bodied prey such as
teleosts, algae and polychaetes to the diets of the three sparids, whilst over-estimating the
contribution of hard-bodied and slowly digestible prey such as seagrass, crustaceans and
bivalves. This is because the former items digest much faster and are typically much
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harder to identify due to their more advanced state of digestion (Michener 1994, Cortés
1998, Baker et al. 2014). Thirdly, the limited number of small-sized C. auratus and the
lack of any larger-sized individuals with identifiable prey items made dietary
quantification difficult for this species.
Another assumption that must be noted is that the percentage weight contribution
(%W) was used instead of the raw weight values, meaning that weight values are
expressed as a proportion of the total gut weight. Using either of the two forms of weight
contribution would hence have different interpretations as the raw weights would be
highly variable depending on the time of capture and exact location of capture within the
area of overlap. The %W was chosen instead in attempt to reduce the variability in weight
measurement depending on the feeding intensity of the given fish prior to capture, since
some sparids may feed heavily in the morning and others during dusk (Yeah 2018).
It should also be noted that the potential predator and prey signatures collected by
Svensson et al. (2007) were sampled during 2001 and are thus may have changed in the
intervening decades in response to, for example, changes in climate, salinity and species
distributions.
After assessing the diets and resource partitioning of these three Sparidae species,
several directions for future research have been highlighted. For instance, to understand
the trophic niche and predator-prey associations to a much finer level, Bayesian mixing
models could be employed to obtain a measure of the proportional contribution of prey to
the consumer (Phillips et al. 2014, Stock et al. 2018).
Alternatively, one could assess the diet of C. auratus and R. sarba located in the
marine waters outside of the Walpole-Nornalup Estuary to determine any shifts in diet
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after marine migration. This would provide further information on the estuarine-marine
connectivity and determine any shifts in diet or habitat that are crucial for supporting
healthy stocks of these fishery important species (Gillanders et al. 2003; Yeoh 2018).
Dietary research could also be conducted on the three sparids in areas of the
Walpole-Nornalup Estuary where they do not overlap spatially, to determine if their diet
is changed when they co-occur (i.e. selective resource partitioning to reduce inter-specific
competition). By doing so, this would provide an indication as to how diet changes in
different locations in the estuary and provide evidence to determine if the overlap in the
lower Frankland River was caused by optimal abundance.

5. Conclusions
Dietary composition differed significantly between the three Sparidae species and size
classes examined, but the extent of those differences was low to moderate. Moreover,
whilst small to medium A. butcheri had a notably greater freshwater influence in their
dietary sources and fed at the highest trophic level, considerable overlap occurred in the
trophic positioning of the remaining species and size classes. Collectively, these findings
indicate a considerable amount of inter- and intra-specific trophic overlap, particularly
between A. butcheri and R. sarba and between sparids of the largest size classes in the
Walpole-Nornalup Estuary.
The first study hypothesis was supported, with A. butcheri and C. auratus being
largely omnivorous and carnivorous respectively, perhaps reflecting their differing habitat
preferences. Aspects of the second hypothesis were also supported, in that the greatest
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ontogenetic dietary shifts occurred between small and larger fish, particularly for R. sarba,
but other parts of this hypothesis were not supported in that dietary overlap was strongest
amongst the larger sparids. This likely reflected the similar herbivorous trends of both A.
butcheri and R. sarba. The third hypothesis was also partly supported in that A. butcheri
had a more terrestrial/freshwater-derived diet compared to the greater marine influences
of the other sparids. However, small to medium-sized bream had the highest in trophic
level of any other species and size class, which conflicted with both the gut content results
and original hypothesis and may reflect to the longer time scale over which the stable
isotope signatures measured diet.
With ongoing climate change in future decades, the abundance of marine species
is likely to increase in south-western Australia estuaries such as the Walpole-Nornalup,
as these systems become increasingly saline. Such changes are likely to increase the level
of food resource competition identified between A. butcheri and R. sarba in this study.
This could have further negative impacts on the growth rates and productivity these
fishery species, particularly for the estuarine A. butcheri which have experienced notable
declines in recent decades (Cottingham et al. 2018). It is thus recommended that fisheries
management closely monitors the status of the sparid fishery in the Walpole-Nornalup
Estuary to help maintain both the ecological health and recreational fishing amenity of
this system into the future.
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