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Abstract Choerodon rubescens is a subtropical wrasse
endemic to Western Australia which has recently re-
cruited in high abundance into lagoonal habitats at the
southern end of its distribution. Abundance, size struc-
ture and habitat associations of juvenile C. rubescens
were assessed during summer and autumn 2013 (Janu-
ary–May) via underwater visual census across available
shallow water habitats towards the southern range edge
of their distribution (32°S, 115°E). High abundances of
juveniles (up to 14 fish/40 m2) were found in areas
where they were previously absent or in low abundance.
Lagoonal habitats presented abundances three to eight
times higher than seagrass beds or rocky reef, indicating
preference of C. rubescens for mixed lagoonal habitats
as settlement grounds. Such habitats contain open sandy
areas with small rocks and rubble that are important
feeding grounds for juveniles. Based on the size struc-
ture of populations encountered, recruitment was esti-
mated to occur during summer 2011–12 and 2012–13.
This coincides with water temperatures 1 to 2 °C higher
than long-term averages in the region, making condi-
tions more favourable for recruits to survive in greater
numbers. We conclude that the high abundance of

C. rubescens recruits towards the southern end of their
distribution together with trends of increasing water
temperature and the availability of suitable settlement
habitat to the south of their present range, indicate a
capacity for the species to shift its distribution south-
wards. Monitoring of future recruitment events will be
crucial to determining range expansion capacity and
guiding management efforts for this endemic and im-
portant fisheries species.
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habitat . Climate change . Tuskfish . Baldchin groper

Introduction

The geographic distribution of a species reflects the
range of habitats in which it may successfully settle,
grow to maturity and reproduce. In reef fishes, the
majority of which have dispersive larvae, geographic
limits to their range are most commonly set by con-
straints on the establishment of recruits (Feary et al.
2013). This is apparent at the southern margins of the
ranges of tropical to subtropical species in which larvae
may disperse into higher latitudes, settle and metamor-
phose, but fail to survive through winter periods
(Kimball et al. 2004; Figueira et al. 2009). It is clear
that distributional limits to a species range will vary over
time in response to changes in the prevailing physical
and biotic environments, particularly temperature
(Pörtner and Peck 2010). For this reason changes in
recruitment patterns at range margins of species during
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periods of environmental change represent unique op-
portunities to identify the factors operating at range
margins that constrain distribution patterns.

Research documenting recent range shifts by either
extension or contraction of long-term geographic range
continues to accrue, especially in relation to climatic
changes along latitudinal gradients (Perry et al. 2005;
Last et al. 2011; Przeslawski et al. 2012; Poloczanska
et al. 2013). Such shifts are most obvious at subtropical
and temperate locations, where warm water pulses and
intensified pole-ward currents are enhancing the possi-
bilities of tropical recruits to reach new localities, over-
winter, survive, and become established (Figueira and
Booth 2010). The east coast of Australia is a well-
studied example, with reports of tropical species
recruiting into temperate waters off Sydney (Booth
et al. 2007; Figueira et al. 2009; Figueira and Booth
2010) and Tasmania (Last et al. 2011) as a result of
higher temperatures and increased intensity of the East
Australian Current.

Along the west coast of Australia a number of marine
fishes display latitudinal distributions that extend from
the tropical to subtropical-temperate region, including
several endemics (e.g. Thalassoma septemfasciatum,
Chaetodon assarius) (Fox and Beckley 2005; Langlois
et al. 2012). Recent changes to the distributions of both
fish and benthic communities along this coast have been
reported as a result of ocean warming and intensification
of the poleward flowing Leeuwin Current (Pearce and
Feng 2007; Caputi et al. 2009), especially after a 2011
marine heat wave (Wernberg et al. 2011, 2012). In
addition, models based on current climate change sce-
narios predict that fish distributions will shift their cen-
troids southwards, leading to a “tropicalization” of fish
communities along the Western Australia (WA) coast-
line (Cheung et al. 2012). Such shifts could result in
range contraction rather than expansion, especially for
coral reef associated species which rely on resources
centred across a tropical-subtropical latitudinal belt and
are therefore limited in their capacity to shift (Munday
et al. 2008). Range contractions could ultimately lead to
population decline and/or extinction in these species,
especially for endemic species of restricted range near
the latitudinal margins of coral reef development, and/or
experiencing multiple stressors (e.g. fisheries species)
(Last et al. 2011).

Baldchin groper, Choerodon rubescens (Günther,
1862), is a subtropical wrasse (family Labridae) endem-
ic to ca 1,700 km of the WA coast between the tropical

Ningaloo Reef (ca 22°S) and subtropical Geographe
Bay (ca 33°S) (Edgar 2000). It occurs on both coral
and rocky reef of 2–40 m depth, with adults usually
inhabiting deeper reefs and juveniles living in shallower
waters (<3 m) on sand and weed areas (Hutchins and
Swainston 2008; Fairclough et al. 2011). The species is
a protogynous hermaphrodite with females reaching
maturity at 274 mm total length (TL) (2.7 years) and
sex change to males occurring at 479 mm TL
(11.9 years) (Fairclough 2005). Choerodon rubescens
spawns mainly during spring, with peaks in
gonadosomatic index during November and recruits
expected to appear during the late summer (February)
(Fairclough 2005). Maximum size is 700 mm TL
(Hutchins and Swainston 2008) and they can live up to
22 years (Fairclough 2005; Nardi et al. 2006).

Choerodon rubescens is reported to be most abun-
dant at the Houtman Abrolhos Islands (ca 28°S), at
approximately the centre of its distribution. Its abun-
dance tends to decrease steadily towards the northern
and southern limits, where they are typically rare
(Hutchins 2001; Langlois et al. 2012). C. rubescens is
an important commercial and recreational fisheries tar-
get throughout its distribution, but mainly along the
central areas of its range. Angling club records indicate
that the species has become more common in recent
years in recreational catches in the southern part of its
range.

The Rottnest-Mandurah region is located near the
southern range edge of C. rubescens (Hutchins 2001).
Regular monitoring at Rottnest Island (Parker Point)
over the past three decades has revealed both an increase
in the number of juvenile tropical fish and increased
abundances of some subtropical species over the past
2 years (B. Hutchins pers. comm.). Recently (November
2012), one C. rubescens juvenile (TL—12 cm) was
recorded at this monitoring site for the first time, al-
though adult C. rubescens (>27 cm) have been occa-
sionally found here (B. Hutchins pers. comm.). At the
same time, local anglers and divers reported seeing or
catching juvenile C. rubescens at locations around the
Rottnest-Mandurah region, where they were not typical-
ly caught or seen.

The above data together indicate that C. rubescens
may have increased in abundance towards the southern
extent of its range in recent years and warrant an assess-
ment of whether the species distribution is shifting
southwards. If the distribution is shifting southwards,
then we expected higher numbers of individuals towards
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the southern parts of the range as a result of increased
recruitment and over-winter survival during years with
warmer than average sea temperatures, such as experi-
enced recently along the coast of WA.

The aim of this study was to investigate the apparent
increase in abundance of juvenile C. rubescens in Met-
ropolitan waters (ca 32°S) towards its southern range
limit. To do this, the following was examined: (1) the
relative abundance and size distributions of
C. rubescens in shallow waters in this region, and (2)
the habitats used by juvenile C. rubescens in the same
area. We then assessed whether increases in recruitment
and abundance occurred during years of warmer than
average water temperatures. Evidence of a strong re-
cruitment pulse of C. rubescens in the Rottnest-
Mandurah region, along the southern range of the spe-
cies geographic distribution, is presented.

Materials and methods

Data collection

Abundance and size structure of juvenile C. rubescens
were assessed via underwater visual census (10×4 m
transects) in shallow water habitats at three locations
towards the southern range edge of the species (Garden
Island, Rottnest Island and Mandurah area), during Jan-
uary toMay 2013 (Fig. 1). Underwater visual census has
been used successfully to survey adult and juvenile
Choerodon in the past (Fairclough et al. 2008). Lengths
were estimated to the nearest cm and estimates were
always conducted by the first author, who has been
trained in fish length estimations following the methods
of Bell et al. (1985). Locations were selected based on
anecdotal reports of C. rubescens juveniles in areas
where they had not previously been encountered, but
represented similar habitat types and depths to those
where this species has been recorded further north in
its range (Fairclough et al. 2008, 2011). At each location
several sites were randomly surveyed based on available
habitat (n=4 at Mandurah and Garden Island, n=6 at
Rottnest). At each site, three different habitats (outer
reef, lagoon and seagrass; 1 to 3 m depth) were sur-
veyed. These habitats were less than 1 km apart, and
represented a range of available habitats in which
C. rubescens had the potential to settle into, given that
this species recruits into shallow and protected lagoonal
habitats (Hutchins and Swainston 2008; Fairclough

et al. 2011). For each habitat, benthic composition was
quantified via the point intercept method which
consisted in recording microhabitat observed directly
under the transect line every 50 cm (see McCormick
1994; Wilson et al. 2007). Recordings were done whilst
returning along the same transects used to assess abun-
dance of juvenile C. rubescens (10 m). Number of
points per microhabitat were later converted to percent
cover per transect for each microhabitat category. Mi-
crohabitats for assessing benthic composition were clas-
sified into ten categories: sand, rubble, brown algae, turf
algae, Sargassum spp., red algae, seagrass, kelp
(Ecklonia sp.), green algae and coral.

Additional length data for C. rubescens were collect-
ed during timed swims (30 min) at each site in areas
adjacent to where UVC were conducted. Estimates for
the age of recruits encountered were then produced,
based on von Bertalanffy growth curves available for
the species (Fairclough 2005; Nardi et al. 2006).

To obtain ‘a priori’ estimates of juvenile C. rubescens
density in the region, footage from previous surveys
conducted on snorkel using diver operated stereo-video
systems (DOVs) (50×5 m transects) along similar shal-
lowwater habitats (<2m) in Rottnest Island (16 sites; 107
transects; July–August 2011) and Garden Island (2 sites;
12 transects; March 2012), were obtained (A. Ferguson:
University of Western Australia). Footage from these
surveys was analysed to determine previous abundance
and size structure of C. rubescens at two of the areas
surveyed in this study (Parker Point—Rottnest Island and
GI001/GI002—Garden Island, see Fig. 1), using the
software ‘EventMeasure (Stereo)’ (SeaGIS Pty Ltd., see
http://www.seagis.com.au/event.html). The use of
different methodologies for assessing fish density could
result in biases inherent to the method of choice and its
power of detectability (i.e. detecting presence/absence of
juvenile fish), and is therefore not ideal. However, high
definition stereo-video has been shown to be capable of
detecting and measuring small (2 cm) damselfish (family
Pomacentridae) as well as larger fishes (Cappo et al.
2006; Harvey et al. 2010). Furthermore, there is evidence
for the equivalence of stereo-video and visual census
surveys in estimating both species richness and fish
abundance at Rottnest Island (Holmes et al. 2013), where
this study was conducted. For this reason and
because previous visual census data were unavail-
able at the sites studied, we decided to use stereo-video
data for obtaining a general indication of juvenile den-
sity at these sites.
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Historical water temperature data (Reynolds Opti-
mum Interpolation SST) (Reynolds and Smith 1994)
were obtained via the Integrated Marine Observing
System (IMOS) from satellite data for a square grid
of two by two degrees centred along the Perth met-
ropolitan region, and available at http://www.marine.
csiro.au/remotesensing/imos/aggregator.html.

Data analyses

Abundance of C. rubescens juveniles (log(x+1)
transformed) was analysed using a permutational
univariate analysis of variance (PERMANOVA)
based on a Euclidean dissimilarity matrix construct-
ed for the univariate dataset (juvenile abundance)
(Anderson 2001; Anderson and Millar 2004).
PERMANOVA was chosen because it assumes no
particular distribution, and data on C. rubescens
density presented significant departures from both
normality and homogeneity of variance, which were

not resolved by transformation. A two-way
PERMANOVA design with location (three levels)
and habitat (three levels) as fixed factors was run
with a minimum of 9,999 permutations, type III
sums of squares, and permutation of residuals under
a reduced model (Anderson et al. 2008).

To highlight the differences between the three sur-
veyed habitats, the microhabitat multivariate data from
the point-intercept transects were characterised using
principal coordinates analysis (PCO), based on a Bray-
Curtis similarity matrix generated from square root
transformed data on percent cover. Vectors representing
each of the most important variables were overlaid on
the PCO (Anderson et al. 2008).

Results

Choerodon rubescens juveniles were found in high
abundances during surveys in January to May 2013 at
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areas towards the southern edge of the species geo-
graphic range. Across all locations, the mean density
of C. rubescens was 0.54±0.09 per 40 m2 (mean±SE,
n=262), whereas previous surveys in 2011 and early
2012 along the same area (Parker Point—Rottnest Is-
land and GI001/GI002—Garden Island, see Fig. 1) did
not detect any individuals despite sampling a total area
of 30,000 m2. In this study, only juvenile C. rubescens
were seen (TL<270 mm). The density of juvenile
C. rubescens varied significantly between the three lo-
cations (PERMANOVA, F(2,253)=26.64, P=0.001) and
three habitats (PERMANOVA, F(2,253)=84.68 P=
0.001) surveyed; however differences between locations
we r e d ependen t on t h e h ab i t a t s u r v eyed
(PERMANOVA, location × habitat, F(2,253)=25.522,
P=0.001, Fig. 2). Overall, the density of juvenile
C. rubescens was typically highest in lagoonal habitats,
with very few encountered in seagrass and outer reef
habitats. The highest density of C. rubescens was re-
corded in lagoonal habitats at Mandurah (mean±SE:
4.20±0.88 fish per 40 m2, n=15, Fig. 2). One of the
sites at this location (Taylor’s Chin) was located in the
Dawesville Cut, a man-made channel that connects the
Peel-Harvey Estuary and the Indian Ocean.

The microhabitat composition of lagoonal habitats,
where the highest C. rubescens densities were found,

was dominated by a mixture of brown algae, turf algae,
sand and rubble (Figs. 2 and 3). The seagrass habitat
was more homogenous (mean±SE: 76.41±3.78 %
seagrass, n=64) and the outer reef habitat was dominat-
ed by kelp (Ecklonia spp.) (mean±SE: 36.19±2.40 %,
n=105) and Sargassum spp. (mean±SE: 17.23±1.84%,
n=105). Habitats sampled showed distinct separation
across both PCO axes (Fig. 3). The separation between
habitats dominated by seagrass and habitats showing a
mixture of microhabitats was the greatest (45 % of the
variation in the data explained, PCO1, Fig. 3), followed
by the separation between habitats containing a mixture
of kelp, red algae, Sargassum spp. and green algae vs.
habitats consisting of a mixture of turf, brown algae,
rubble, sand and coral (24.1 % of the variation in the
data explained, PCO2, Fig. 3).

Analysis of the size structure of C. rubescens found
across all locations and habitats, revealed two distinct
modes in the size-frequency distribution (6 and 12 cm
approximately), indicative of two separate recruitment
events (Fig. 4). Based on length at age data for the
Abrolhos Islands, the southernmost location for which
length at age data are available for the species, observed
size peaks correspond to fish of approximately 6 and 16
to 18 months of age respectively (Fairclough 2005;
Nardi et al. 2006). This places the settlement of

0.00

1.00

2.00

3.00

4.00

5.00

6.00

M
ea

n 
de

ns
ity

 (#
/4

0m
2 

± 
SE

)

Rottnest Island Garden Island Mandurah
n = 138 n = 73 n = 51

a

b

c

*

Seagrass Lagoon Outer reef

Fig. 2 Mean (±S.E.) density of juvenile C. rubescens (TL
<20 cm) at each habitat sampled (seagrass, lagoon and outer reef),
at three locations along the southern range edge (Rottnest Island,
Garden Island and Mandurah). Significant differences in juvenile

density between locations are represented by lower case letters at
lagoon habitat (P<0.001) and an asterisk at outer reef habitats
(P<0.05). Note that values are zero for seagrass at Rottnest and
outer reef at Mandurah

Environ Biol Fish (2015) 98:1059–1067 1063



observed recruits onto the reefs surveyed around the
summer of 2011–12 (December 2011 to February
2012) and 2012–13 (December 2012 to February 2013).

During the past 2 years when recruitment of
C. rubescens towards the southern end of their

distribution increased, average sea surface temperatures
around Perth metropolitan areas were 1 to 2 °C higher
(Fig. 5). This pattern was particularly evident during the
summer months (December to February), when water
temperature was up to 2 °C higher (mean±SE=22.88±
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0.59 °C, n=3 for 2011–12) than the long-term average
of the previous 30 years (mean±SE=21.46±0.10 °C,
n=89) (Fig. 5a). The average water temperature for
winter 2012 (June to August) (mean±SE=20.48±
0.72 °C, n=3) was also higher than the long-term aver-
age winter water temperatures (mean±SE=20.08±
0.10 °C, n=90) (Fig. 5b).

Discussion

Choerodon rubescens has recruited in higher than usual
abundance during the past two summers at sites in the
southern part of its distribution where they were previ-
ously either absent or in low abundance. This pulse in
recruitment coincides with warmer than long-term aver-
age water temperatures (Pearce and Feng 2007; Caputi
et al. 2009; Pearce et al. 2011b) along the Western
Australian coastline. Warmer temperatures extended in-
to the winter months, which would favour survival and
growth of young recruits (Figueira et al. 2009) typically
limited by a failure to withstand the low winter temper-
atures at subtropical and temperate locations (Figueira
and Booth 2010). Since C. rubescens is mostly distrib-
uted between the tropics and subtropics, it is expected
that recruits are limited in their expansion to temperate
southern reefs by the physiological constraints associat-
ed with low winter temperatures.

The high juvenile abundances found in this study
have also coincided with increased intensity of the pole-
ward flowing Leeuwin current along the WA coastline,
which usually brings recruits from northern locations
into southern reefs (Caputi et al. 1996; Beckley et al.

2009; Pearce et al. 2011a). A combination of warmer
waters and stronger currents has thus probably resulted
in a higher proportion of larvae being dispersed south-
wards along the coast, recruiting and surviving at south-
ern range locations and adding to the local recruitment
pool. Equally high recruitment pulses are likely to be
maintained in the future if: (1) the new recruits encoun-
tered reach adult size and contribute to greater abun-
dance of reproductive individuals at the southern end of
the range and (2) water temperatures continue to in-
crease as predicted. Whether these recruitment pulses
reach the true southern range edge will largely deter-
mine the capacity of the species to shift its distribution
southwards and expand its current range. Close moni-
toring of recruitment around the Rottnest-Mandurah
region and extending into Cape Naturaliste to the south
is recommended.

A potential factor limiting C. rubescens from
expanding its geographic distribution southward is the
availability of suitable settlement habitat. Microhabitat
surveys confirmed earl ier observations that
C. rubescens recruits are associated with shallow in-
shore seagrass and algal beds (Edgar 2000; Fairclough
2005; Fairclough et al. 2011). However, this study clar-
ified that the greatest density of recruits and juveniles
specifically occurs in mixed lagoonal habitats, where
both brown algae and seagrass are present, together with
bare areas of sand and rubble. Importantly, recruits and
juveniles were rarely observed in areas dominated by
one type of benthos such as large seagrass beds, and
kelp dominated rocky reef. The recognition of such
specific recruitment micro-habitats for C. rubescens
can help locate potential nursery grounds for the species,
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which can be incorporated into the design of marine
protected areas across the species distribution, to guar-
antee protection of this important fisheries resource.

Behavioural observations at the survey sites revealed
that the mixed lagoonal habitats contain open sandy
areas with small rocks and rubble that are important
feeding grounds for juveniles. Many juveniles were
observed using a feeding technique involving pectoral
fin flapping to displace sand and find invertebrate food
(Lek 2004). Mixed habitats also contained very small
C. rubescens (<5 cm TL), which indicates that
C. rubescens are preferentially settling into these mixed
lagoonal habitats. Although C. rubescens appears to
settle to a specific habitat, this type of habitat is present
south of the Capes region (S. Bennett, pers. comm.)
where the southern boundary of the species current
distribution lies, indicating that settlement habitat would
not limit southward range expansion.

Understanding changing recruitment variation in
time and space across a species’ range has important
implications for the future of endemic species. Western
Australia is a global hotspot for endemic marine species,
including reef fishes (Roberts et al. 2002; Allen 2008),
and conserving endemics is a management priority (Fox
and Beckley 2005). Endemic species may be particular-
ly vulnerable to increasing seawater temperatures be-
cause they may have limited physiological tolerances as
a consequence of evolving within a narrow set of envi-
ronmental conditions within their restricted geographic
range (McKinney 1997; Somero 2010). Consequently,
endemic species may be more responsive to rising sea
temperatures and more likely to exhibit range shifts and
geographic changes in abundance (Wernberg et al.
2012).

This study documented high abundance of
C. rubescens new recruits at three locations towards its
southern range edge where it has historically been ab-
sent or in low abundance. This increase in abundance of
this WA endemic was associated with elevated sea tem-
peratures and may be indicative of current or future
changes in the abundance and distribution of other ma-
rine species endemic to WA. The increase in
C. rubescens abundance towards its southern range edge
was facilitated by the availability of appropriate recruit-
ment habitat. Future range shifts of endemic species
may depend not only on the relationship between phys-
iological tolerances and increasing sea temperatures, but
also the availability of suitable resources (food and
habitat). The recent increases in abundance of tropical

fishes at their southern range edge onWA coast (also see
Wernberg et al. 2012) mirrors the well-established pat-
terns observed on the east coast of Australia (Booth et al.
2007; Figueira et al. 2009; Figueira and Booth 2010;
Last et al. 2011). Changes in abundance associated with
poleward range shifts of tropical marine species are
likely to continue with rising sea temperatures. Manage-
ment strategies for the conservation of biodiversity and
fisheries resources should adapt to the risks this possi-
bility poses, especially for fished species.
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