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Abstract. Our understanding of the ecological role of larger elasmobranchs is limited by a lack of information on their
spatial and seasonal abundance. Analysis of 14 years of gill-net catch data in south-eastern Queensland, Australia, revealed
that the species composition of large sharks and other elasmobranchs significantly differed among beaches and seasons.
Spinner sharks (Carcharhinus brevipinna) and hammerhead sharks (Sphyrna spp.) comprised nearly half the catch of all
elasmobranchs. Although the distribution of these sharks overlapped, spatial variation existed in their abundance. Spinner
sharks characterised the catch at Sunshine Coast beaches, whereas the catch at Gold Coast beaches was dominated by
hammerhead sharks. Seasonal differences in elasmobranch community structure were also apparent, driven largely by a
lower abundance of many species during the winter and the predominance of species such as spinner sharks and
hammerheads in spring and summer. The present study provides the first quantitative data for numerous species of
Carcharhiniformes in south-eastern Queensland and demonstrates that analysis of catch-rate data can improve our
understanding of how larger sharks partition resources.
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Introduction

Despite the ecological significance of large sharks (Heithaus
et al. 2010) and their importance to both commercial and
recreational fisheries (Walker 1998), quantitative data on their
spatial and seasonal abundance are scarce. Studies that have
examined spatial and temporal partitioning among elasmo-
branchs have typically focussed on juvenile sharks or smaller
sharks in shallow-water habitats (Simpfendorfer and Milward
1993; Speed et al. 2010). Elevated catches of juvenile sharks are
often reported in subtropical waters during the summer, which is
linked to the nursery role that inshore waters provide (Castro
1993; Knip et al. 2010) and the role that water temperature
appears to play in the onset and conclusion of shark pupping and
nursery seasons (Pratt and Carrier 2001).

While quantitative data on smaller sharks in coastal waters
have assisted management, the maintenance of a sustainable
shark population also requires information on larger, older
individuals outside of nursery areas (Kinney and Simpfendorfer
2009). Movements of larger sharks have been assessed through
acoustic tracking (Simpfendorfer and Heupel 2004), and devel-
opments in passive-monitoring technology (Heupel et al. 2006)
have led to more studies focussing on habitat use among sharks.
However, these approaches are expensive and appropriate only
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for tracking individual animals or relatively small numbers of
the population. Relative catch rates using gill-nets and longlines
can provide useful information on population-level differences
in the abundance and species composition of elasmobranchs
(Simpfendorfer and Heupel 2004), although capturing larger
sharks in gill-nets and longlines is logistically difficult. As such,
many scientific studies that have used gill-nets to catch sharks
have not provided reliable estimates of abundance for larger
sharks because they used mesh sizes that tended to select for
smaller sharks.

The long-term nature of shark-control programs (Dudley
1997), and the fact that they use specialist gear which selects
for larger sharks, make them a suitable source for inferring
the abundance of large sharks in inshore waters. Annual,
seasonal and spatial trends in large sharks have been reported
from bather-protection nets in KwaZulu-Natal, South Africa
(Cliff and Dudley 1991; de Bruyn et al. 2005; Dudley and
Simpfendorfer 2006). For example, analysis of KwaZulu-
Natal catch data from 1978 to 2003 examined the catch rate
and size of 14 commonly caught shark species. The analysis
revealed that the catch rate of bull sharks (Carcharhinus
leucas), common blacktips (C. limbatus), scalloped hammer-
heads (Sphyrna lewini) and great hammerheads (S. mokarran)
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showed a significant decline (Dudley and Simpfendorfer
2006).

In the Hawaiian Islands, analysis of shark-control program
data suggested that interspecific competition influenced the
distribution of carcharhinid sharks throughout the Hawaiian
Archipelago (Papastamatiou et al. 2006). Tiger sharks
(Galeocerdo cuvier) and Galapagos sharks (C. galapagensis)
were caught at all Hawaiian Islands but were more abundant
in the north-western Hawaiian Islands, whereas an inverse
relationship in distribution was found between grey reef
sharks (C. amblyrhynchos) and sandbar sharks (C. plumbeus)
(Papastamatiou et al. 2006). In New South Wales (NSW),
Australia, differences in the species composition of larger
sharks were observed from netted beaches in the NSW Shark
Meshing Program from 1972 to 1990 (Krogh 1994); however,
the lack of species resolution in the dataset did not allow
inferences to be made about sharks in the Carcharhinus genus,
which comprised the bulk of the catch.

Although these studies on shark-control programs have
increased our knowledge of the abundance of large sharks in
inshore waters, there is still a lack of information on fine-scale
spatial patterns in abundance. To address this, catch data
were analysed from gill-nets used in the Queensland Shark
Control Program (QSCP) from 1996 to 2009, near Brisbane
in south-eastern Queensland. Catch data were examined from
19 netted beaches covering a distance of ~220km from north
to south. South-eastern Queensland is an area of known high
elasmobranch diversity (Kyne et al. 2005) and yet the present
study is the first to provide data on resource partitioning among
larger sharks within the region.

The aim of the present study was to determine whether the
catch composition of elasmobranchs significantly differed
among beaches and times of year (4 seasons) and to identify
the elasmobranchs responsible for dissimilarity between Gold
Coast and Sunshine Coast beaches and among seasons. The
catch composition is compared with that in other studies on
larger sharks in subtropical and tropical waters. We also report
on the average size and sex ratio for the two most abundant
sharks and analyse monthly trends in overall catch. Elsewhere,
studies have observed spatial partitioning among sharks in
inshore waters (White and Potter 2004; Pikitch et al. 2005;
DeAngelis et al. 2008). Given the large number of netted
beaches in the present study and the fact that environmental
conditions surrounding the nets do differ, we expected spatial
differences to occur in the elasmobranch assemblage, particu-
larly between Gold Coast and Sunshine Coast beaches. Seasonal
differences in the elasmobranch assemblage were also expected,
on the basis of the monthly fluctuations in water temperature
that occur in this and other subtropical waters.

Materials and methods

Sampling

Surface gill-nets used by the QSCP were permanently in place
during the study apart from short periods of storm and cyclonic
conditions during which they were sometimes lost or removed.
Gill-nets were constructed from three 62-m net panels, joined
end to end, with a stretched mesh size of 50 cm. Each panel was
joined by a common footrope and float-line but adjacent panels
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were not stitched together at the two joins. Meshes were attached
to a 12-mm polypropylene headline rope with 2.7-mm poly-
propylene cord at a two-thirds hanging ratio. The headline rope
was fitted with 230-mm-long torpedo floats positioned every
2 m. The foot-rope was braided 12-mm polypropylene weighted
with 250-g leads every 2 m. Nets were anchored to the seabed
with 32-kg Danforth or Clyde Quick Release (CQR) anchors
attached to the net bridles. Nets were set parallel to the shore
in water between 5 and 12 m in depth, ~500 m from the shore,
although this distance varied from 450 to 800m depending
on local bathymetry (Table 1). Physical conditions surrounding
each net were not reported for each day of sampling. They
were subjectively assessed by the contractors and independently
verified by one of the contractors who had worked on both
coasts. Nets were checked about 15 and 20 days per month on the
Sunshine Coast and Gold Coast, respectively, and were replaced
and cleaned approximately every 20 days.

Contractors returned daily catch logs containing information
on shark species and size (total length in cm), and by-catch
caught. Although the program has been active since 1962,
species identifications have been considered reliable only since
the mid-1990s, following a training program on species identi-
fication in 1992. Before that time, many of the identifications
were grouped into categories such as ‘unidentified whaler
sharks’. In the present study, we chose to use the data from
1996 to 2009 because the same fishing contractor operated on
the Gold Coast throughout this entire period and there was only
one change (in 2007) in contractor on the Sunshine Coast. All
contractors also had considerable previous experience in species
identification and shark-fishing experience before becoming
QSCP contractors. They were also collaborating with several
elasmobranch researchers during the study who have confirmed
species identifications on numerous occasions.

Environmental conditions and gear characteristics
at each netted location

All nets at Gold Coast beaches had a 6-m drop (12 meshes)
and were set in water of relatively constant depth (10—12m)
over sandy substrate between 600 and 700 m from the shoreline
(Table 1). Nets at Sunshine Coast beaches had a varied net-drop
size. Caloundra, Mooloolaba, Noosa Beach and Noosa Headland
nets had a 3-m drop (6 meshes) and nets at all remaining beaches
had a 6-m drop. Sunshine Coast nets were generally set in
slightly shallower water (5—12 m) between 450 and 650 m from
the shoreline (Table 1). With the exception of Caloundra, all
Sunshine Coast nets were set over harder substrate, comprising
coffee rock and sand, or over rock (boulders). Visibility at all
Gold Coast beaches was clear to moderate at all times, apart from
after storms. Water visibility at Sunshine Coast beaches was
more varied, ranging from clear to murky. Human disturbance
(i.e. number of boats, jet skis and swimmers adjacent to the net)
was assessed as high for 7 of the 21 nets and was assessed
as extremely high at Mooloolaba. Only three nets (Bilinga,
Marcoola and Coolum) were characterised as low disturbance.

Analysis

Catch data were collated as the number of elasmobranchs in
each net per month for each of the 19 netted beaches (Fig. 1).
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Table 1.
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Physical conditions surrounding each net

Catch from Maroochydore a and b, and Alexandra Headland a and b were combined for multivariate analysis. (Water clarity is murky at all nets during storms.)
Beaches are arranged north to south. Bottom type: C = coffee rock, R =rock (boulders), S =sand. Tidal current: E = extreme, H = strong, M = moderate,
W =weak. Water clarity: C = clear, M = moderate, Mu = murky. Human disturbance: E = extreme, H = high, M = moderate, L = low

Netted beach (arranged Depth at low Distance to closest Bottom type Tidal current Water clarity Human disturbance

from north to south) tide (m) estuary (km)

Sunshine Coast
Noosa 6 1 S/C H M H
Noosa Headland 6 1.6 R M M M
Coolum 8 4 C w C L
Marcoola 12 8 S/C w C L
Maroochydore a 11 1.5 S/C E Mu H
Maroochydore b 11 1.3 C E Mu M
Alexandra Headland a 11 2 C M M M
Alexandra Headland b 11 1.7 S/C M M M
Mooloolaba 12 0.7 C M Mu E
Caloundra 5 0.9 S S Mu H

Gold Coast
Main 11 5 S M C/M H
Surfers Paradise 11 7 S M C/M H
Kurrawa 11 9 S M Cc/M M
Mermaid 11 11 S M Cc/M H
Miami 11 4.5 S M Cc/M M
Burleigh 11 0.7 S M Cc/M M
Tallebudgera 12 0.7 S M Cc/M H
Currumbin 12 0.9 S M C/M H
Bilinga 11 5 S M Cc/M L
Kirra 10 2 S H C/M M
Coolangatta 10 1.8 S H Cc/M M

Individual species were combined into elasmobranch groups
when numbers caught were low or where species identification
was uncertain. The latter was the case for the Australian blacktip
(C. tilstoni) and the common blacktip, which are notoriously
difficult to separate in the field (Last and Stevens 1994).
Although scalloped hammerheads (Spyrhna lewini) and great
hammerheads were also recorded in the data, catch of ham-
merheads was not always reported to the species level because
of difficulties in species identification. For this reason, all
hammerhead sharks were grouped into one category for multi-
variate analysis.

Three locations (Noosa, Alexandra Headland and Maroo-
chydore) each had two nets in close proximity (within 800 m
of each other). For the latter two locations, the total catch of the
two nets was halved because it was not possible to consistently
separate individual catches of these paired nets in the database.
In the case of Noosa, catch information was recorded separately
in the database and so all subsequent analysis treated the two
Noosa nets separately.

Analysis of the mean size and sex ratio of sharks was
restricted to the two most abundant species. The hypothesis
that the sex ratio of these sharks was 1:1 was tested with the
chi-square statistic (Xz). Monthly trends in overall catch were
displayed graphically for the five most abundant species.
Multivariate analysis to identify spatial and seasonal patterns
in the species assemblage was conducted using Primer 6.0
(Clarke and Gorley 2006). Before analyses, catch data were
square root-transformed and similarity matrices were con-
structed by using the Bray—Curtis similarity coefficient (Clarke

and Warwick 2001). A two-way crossed analysis of similarities
(ANOSIM) was used to examine changes in the catch composi-
tion, with location (21 nets across 19 beaches) and time of year
(4 seasons) as the two factors (Warwick et al. 1990). This test
examined the following two null hypotheses: first, that there was
no location effect, allowing for the fact that there may have been
a seasonal effect; and second, that there was no seasonal effect,
allowing for the fact that there may have been a location effect.
Inter-annual variations in catch were not investigated and data
from each location were pooled across all 14 years. This led
to a total of 42 replicates per netted beach for each season
(14 years x 3 months in each season).

Ordination of the average monthly catch per netted beach
(pooled across all years) was conducted using non-metric
multi-dimensional scaling (MDS, Clarke and Warwick 2001).
Similarity percentages (SIMPER) were also used to determine
which elasmobranchs characterised the assemblage at each
coast (Gold Coast: 11 nets at 11 beaches; Sunshine Coast: 10
nets at 8 netted beaches) and which elasmobranchs were
responsible for dissimilarities between the two coasts (Clarke
and Warwick 2001). SIMPER was also used to determine which
elasmobranchs characterised the assemblage within each season
and which elasmobranchs were responsible for dissimilarities
among seasons.

Results
Overall species composition

In total, 2027 elasmobranchs, 68% of which were sharks, were
caught at all 19 netted beaches from 1996 to 2009. The three
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Fig. 1. Location of the 19 netted beaches in south-eastern Queensland, Australia. 1 =Noosa, 2 =Noosa Headland,
3 = Coolum, 4 = Marcoola, 5a and 5b = Maroochydore, 6a and 6b = Alexandra Headland, 7 = Mooloolaba, 8 = Caloundra,
9 =Main, 10 = Surfers Paradise, 11 =Kurrawa, 12 =Mermaid, 13 =Miami, 14 =Burleigh, 15 = Tallebudgera, 16 =
Currumbin, 17 = Bilinga, 18 =Kirra, 19 = Coolangatta. Beaches 1-8 are on the Sunshine Coast and beaches 9—19 are on

the Gold Coast.

most abundant elasmobranchs were spinner sharks, hammer-
heads and Australian cownose rays (Rhinoptera neglecta),
which comprised 25%, 23% and 10% of the catch, respectively
(Fig. 2). Sharks from the Carcharhinus genus represented

641

40% of all elasmobranchs caught. In total, 35 separate species
of sharks and rays were reported and were combined into
26 elasmobranch groupings for subsequent multivariate

analysis.
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White shark
Grey reef shark
Other ray
Other shark
Blacktip shark
Mako shark
Grey nurse shark
Silky shark
Sandbar shark
Lemon shark
Blue shark
Shark ray

Unidentified whaler shark
White-spotted guitarfish

Species composition of the number of elasmobranchs caught at 19 netted beaches on the Gold Coast and Sunshine Coast from

1996 to 2009 (n =2027). Infrequently caught species have been combined into the ‘other shark’ and ‘other ray’ categories.

The mean (s.d.) total length of spinner sharks caught during
the study was 198 cm (0.61), and the median total length was
210 cm. The sex ratio of male to female spinner sharks was
0.5: 1, which differed significantly (P =0.0001) from 1 : 1. The
mean (s.d.) total length of scalloped hammerheads caught was
179 ¢cm (0.63), and the median total length was 160 cm. The sex
ratio of male to female scalloped hammerheads was 0.9: 1,
which did not differ significantly (P =0.43) from 1: 1.

Spatial and temporal variations in the elasmobranch
composition

Spinner sharks were the most abundant elasmobranch at
Sunshine Coast beaches, comprising 21-48% of all sharks and
rays caught at each netted beach (Fig. 3). Hammerheads were
the second-most abundant group, comprising 5-27% of all
elasmobranchs caught. Nets at Gold Coast beaches had a dif-
ferent species composition, with hammerheads, spinner sharks
and Australian cownose rays representing 15-33%, 14-25% and
7-24%, respectively, of the elasmobranchs at each netted beach.

The MDS ordination plot showed that Sunshine Coast
and Gold Coast beaches formed two separate non-overlapping
clusters (Fig. 4). Gold Coast beaches were more tightly clustered
and beaches in closer proximity tended to be closer together
within the Gold Coast cluster. Sunshine Coast beaches did not
form a tight cluster and the nets at Mooloolaba and Noosa
Headland differed considerably from each other and the remain-
ing six Sunshine Coast netted beaches.

Analysis of similarities demonstrated that the elasmobranch
composition was significantly different among netted beaches

(Global r=0.09, P=0.001) and among seasons (Global r=
0.07, P=0.001). In both these instances, the R-statistic value
was low, indicating that some similarities in the species compo-
sition occurred among beaches and seasons, respectively. The
large number of beaches made it impractical to report on
the significance levels for all possible pairwise comparisons;
however, a significant (P <0.05) difference in the elasmo-
branch composition was observed in 90 of all possible 171
pairwise comparisons. Some of these pairwise comparisons may
be spurious, given there was a 1 in 20 possibility of committing
a Type 1 error when o was set as 0.05. Comparisons between
Sunshine Coast and Gold Coast beaches were responsible
for 70% of all significant pairwise comparisons. A significant
difference in the elasmobranch composition was also observed
between spring and summer (Global » = 0.09, P = 0.001), spring
and autumn (Global »=0.06, P=0.001), summer and autumn
(Global »=0.04, P=0.001) and summer and winter (Global
r=0.13, P=0.001).

A monthly pattern of abundance was apparent for spinner
sharks at both Sunshine Coast (Fig. 5a) and Gold Coast beaches
(Fig. 5b), although more spinner sharks were caught at Sunshine
Coast netted beaches. Combined total catch during winter
(June—August) was low, representing only 5% of the total
number of spinner sharks caught. Catch of spinner sharks was
highest in the summer when they comprised 43% and 28%
of the species assemblage at Sunshine Coast and Gold Coast
beaches, respectively.

Monthly catch of hammerheads and their contribution
towards the total elasmobranch catch differed between Sunshine
Coast and Gold Coast netted beaches. At Sunshine Coast
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Fig. 4. Multidimensional scaling ordination of the Bray—Curtis similarity
matrices derived from the abundance of elasmobranchs at 19 netted beaches
on the Gold Coast and Sunshine Coast from 1996 to 2009. Stress value is
shown in the top-right corner. Crosses represent Sunshine Coast beaches and
circles represent Gold Coast beaches. Numbers are as in Fig. 1.

beaches catch was lower, ranging from 3 to 27 sharks per month
for all years combined. Contribution to overall catch at Sunshine
Coast netted beaches was highest in spring. An obvious seasonal
cycle was observed at Gold Coast beaches, with an elevated
catch of hammerheads from October to January. However,
hammerheads comprised a large part of the elasmobranch catch
throughout the year at Gold Coast beaches, comprising 12-40%
of the species assemblage for each month.

Australian cownose rays were very rarely caught in nets on
the Sunshine Coast (7 rays in 14 years), whereas at Gold Coast
beaches, a seasonal pattern of abundance was observed, with
higher catches from October to January. A defined seasonal
pattern was not apparent for eagle rays at Sunshine Coast or Gold
Coast beaches, although catches in October, January and March
comprised 37% of the total catch of eagle rays from all netted
beaches. Catches of bull sharks at Sunshine Coast and Gold Coast
beaches remained fairly constant in all months, apart from August
when only two sharks were caught from all netted beaches.

Elasmobranchs characterising and distinguishing between
the fauna at Gold Coast and Sunshine Coast beaches

SIMPER revealed that Gold Coast beaches were characterised
by hammerheads, spinner sharks, Australian cownose rays and
eagle rays, which accounted for 1.86 (47%), 1.03 (26%), 0.61
(16%) and 0.16 (4%), respectively, of the average within-group
similarity of 3.95. Sunshine Coast beaches were characterised by
spinner sharks, hammerheads and bull sharks which accounted
for 2.54 (62%), 1.07 (26%) and 0.13 (3%), respectively, of the
average within-group similarity of 4.12. Spinner sharks, ham-
merheads, Australian cownose rays, eagle rays and bull sharks
distinguished between Gold Coast and Sunshine Coast beaches,
accounting for 25.22 (26%), 22.47 (23%), 8.10 (8%), 7.45 (8%)
and 6.13 (6%), respectively, of the average dissimilarity of 96.60.

Elasmobranchs characterising and distinguishing between
the fauna in seasons

SIMPER demonstrated that the catch in summer was char-
acterised by spinner sharks, hammerheads and cownose rays,
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which accounted for 5.11 (63%), 2.17 (27%) and 0.29 (4%),
respectively, of the average within-group similarity of 8.16.
Catch in winter was characterised by hammerheads, bull sharks,
spinner sharks and eagle rays, which comprised 0.94 (56%),
0.24 (15%), 0.18 (10%) and 0.16 (10%), respectively, of the
within-group similarity of 1.69. Spinner sharks were the main
elasmobranch group responsible for the dissimilarity between
spring and summer (26%), summer and autumn (32%), autumn
and winter (23%) and summer and winter (30%). Dissimilarity
between spring and autumn (25%) and spring and winter (31%)
was driven mainly by hammerheads.

Discussion

The present study identified spatial and seasonal partitioning
among larger sharks in the coastal subtropical waters of south-
eastern Queensland, Australia. The catch of sharks and rays
from 19 netted beaches significantly differed among locations
and seasons. These differences in the elasmobranch assemblage
were largely driven by variations in the relative abundance of
spinner sharks and hammerheads. There is a lack of information
on partitioning among larger sharks and the present study
demonstrated that in subtropical coastal waters, partitioning
among larger sharks can occur over relatively fine spatial scales.
Although the capture of 35 species of elasmobranchs highlights
the high elasmobranch diversity, the overall catch in the shark
nets was dominated by spinner sharks and hammerheads, which
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comprised 25% and 23%, respectively, of the total number of
elasmobranchs caught.

Species composition in comparison to other subtropical
and tropical waters

Spinner sharks are abundant in tropical and warm-temperate
Atlantic and Indo-West Pacific waters (Compagno 1984). Pre-
vious analysis of spinner shark-catch data from the QSCP has
revealed that catch rates off Gold Coast and Sunshine Coast
beaches are over five times higher than those at the more
northern areas of Mackay and Cairns where bather-protection
nets are also used (Sumpton et al. 2010). The abundance of
spinner sharks in the current study was also higher than that in
KZN, South Africa, where spinner sharks comprised 10% of the
total shark catch in the protective gill-nets from 1978 to 1997
(Allen and CIliff 2000) and also appears to be higher than that
in central NSW where bather-protection nets are used (Dennis
Reid, former New South Wales Department of Primary Indus-
tries, pers. comm.).

The abundance of hammerhead sharks in the present study
concurs with that in other studies conducted in inshore waters
by using large mesh-size gill-nets (Reid and Krogh 1992; Krogh
1994; Cliff 1995; de Bruyn et al. 2005). In KZN, South Africa,
the ratio of scalloped hammerheads to great hammerheads
was 12.8: 1 between 1978 and 1993 (Cliff 1995; de Bruyn et al.
2005). In the current study, hammerheads were not always
identified to the species level; however, of the 474 hammerheads
identified to the species level (73% of all hammerheads caught),
the ratio of scalloped hammerheads to great hammerheads was
4.2:1. Although this result is best viewed as preliminary, it
suggests that scalloped hammerheads are the most abundant
species of hammerhead in the coastal waters of south-eastern
Queensland.

Although the present study has provided valuable insight into
the abundance of pelagic sharks, the fact that nets were not
bottom set suggests that the results are not representative for
sharks and rays that spend large periods of time close to the
benthic substrate. Furthermore, the catch composition from
drumlines in the same study region is different, with tiger sharks
dominating the catch and low numbers of spinner sharks and
hammerheads caught on baited hooks (Sumpton et al. 2011).
The difference between gill-net and drumline catch is most
likely to be due to gear selectivity. Whereas catch in gill-netsis a
function of the mesh size, the size of the animal and its rate of
movement, drumlines catch only animals that prey on the bait
type used.

Spatial partitioning

Differences in the elasmobranch assemblage were identified
among netted beaches, spanning a distance of ~220 km. Spinner
sharks and hammerheads formed a key part of the catch at most
locations; however, their abundance did vary among beaches,
particularly between the beaches on the Sunshine Coast and
those on the Gold Coast. Spinner sharks characterised the catch
at the Sunshine Coast beaches, whereas hammerheads domi-
nated the catch at the Gold Coast beaches. These results
suggest that although the distribution of these sharks overlaps
in the coastal waters of south-eastern Queensland, relatively
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small-scale spatial variations exist in their abundance. These
variations are primarily responsible for discriminating between
the elasmobranch fauna at Sunshine Coast beaches and those at
Gold Coast beaches.

Although Australian cownose rays were the third-most
abundant elasmobranch caught overall, they were rarely
encountered in Sunshine Coast nets. These rays predominantly
feed on molluscs and other shellfish (Last and Stevens 1994)
and are fairly abundant in shallow sandy and seagrass regions in
Moreton Bay, a large subtropical embayment that separates the
Gold Coast from the Sunshine Coast (Johnson 1999; Schluessel
2008). The fact they were rarely caught in nets on the Sunshine
Coast is somewhat surprising and future research is needed to
elucidate patterns of habitat use in Australian cownose rays.

Generally, netted beaches in close proximity tended to
have a similar catch composition, although the abundance of
sharks caught at beaches in close proximity were sometimes
very different, particularly for Sunshine Coast netted beaches.
Although the nets at Noosa Beach and Noosa Headland caught
similar species of elasmobranchs, the latter net caught over
three times more sharks and rays. Surprisingly, only 21 elasmo-
branchs were caught in the net at Mooloolaba throughout the
14-year time period. Human disturbance at this beach was
higher than in all other beaches, with a large number of
recreational boat and jet-ski users passing close to the net.
Krogh (1994) also observed lower catch rates of sharks in
more urbanised beaches in the NSW Shark Meshing program.
Higher catches were encountered at less urbanised beaches,
which tended to be at either end of the netted regions (Krogh
1994). Although these observations do not imply a cause—effect
relationship between human disturbance and catch rate, future
behavioural studies could evaluate the effect of boat traffic on
the distribution of larger sharks and their prey source, the results
of which would be particularly relevant to ongoing bather-
protection programs.

The selection of habitat by sharks in coastal waters is
believed to be influenced by environmental characteristics,
resource abundance and presence or absence of other competing
species (Knip et al. 2010). Environmental characteristics that
have been associated with the distribution of coastal elasmo-
branchs include tide, water temperature, salinity, dissolved
oxygen, substratum type and depth (Speed et al. 2010). In the
current study, differences in substratum type were recorded
between the netted beaches on the Gold Coast and those on the
Sunshine Coast. All nets at the Gold beaches were set over
sandy substrate, whereas all but one of the nets at the Sunshine
Coast beaches were set over coffee rock and sand or over rock
(boulders).

In the absence of correlative data on habitat type, location and
catch composition, we are unable to assess the extent to which
differences in habitat type were responsible for spatial differ-
ences in the species assemblage between the netted beaches
on the Sunshine Coast and those on the Gold Coast. Further
acoustic-monitoring studies on spinner sharks and scalloped
hammerheads would be particularly useful and would allow
movement patterns to be compared with known biotic and
abiotic variables. Measuring environmental characteristics
in situ during each checking of the QSCP nets would allow some
ofthese variables to be correlated against the catch composition.
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There are interesting parallels between the present study and
studies on the NSW Shark Meshing Program that also reported
differential resource use in the catch of large sharks (Krogh
1994). In the NSW study, hammerheads had significantly higher
catch rates on long open beaches and significantly higher
catches of whaler sharks (Carcharhinus spp.), white sharks
(Carcharodon carcharias) and tiger sharks were observed
when deeper water was closer to the beach (Krogh 1994). On
the basis of the analysis of QSCP from the Townsville region,
Simpfendorfer (1992) also suggested that higher catches of
tiger sharks are observed when channels of deeper water are
adjacent to netted beaches.

Depth immediately adjacent to the nets is unlikely to explain
the spatial partitioning in the current study, given that all nets
were set in water between 6 and 12 m; however, the fact that the
continental shelf off Sunshine Coast beaches extends further
seaward, whereas the shelf of Gold Coast beaches is narrower,
resulting in deeper water closer to the shore, may have also been
partly responsible for some of the dissimilarity among the
beaches, and in particular between the Gold Coast and Sunshine
Coast beaches. Proximity to headlands could also be a factor
responsible for the spatial disparity in species composition
observed in the study, because the majority of netted beaches
on the Sunshine Coast were close to headlands, whereas the
netted beaches on the Gold coast tended to be more open and
further from headlands.

Seasonal partitioning

The abundance of large sharks in shallow coastal waters
(<12 m) in south-eastern Queensland was low during the winter
and high during the summer. Although spinner sharks and
hammerheads, the two most abundant sharks, both displayed
elevated catches during the warmer months, spinner sharks were
comparably less abundant during the winter.

Although seasonal patterns in the abundance of smaller
sharks have been fairly well studied in Australian waters
(Simpfendorfer and Milward 1993; Blaber et al. 1995; White
and Potter 2004), less is known about the seasonal distribution
of larger Carcharhiniformes. The reduced catch of sharks in
subtropical waters in the cooler months is often linked to a
seasonal migration to warmer coastal waters (Castro 1993; Last
and Stevens 1994); however, Sumpton et al. (2010) identified
low catches of spinner sharks during the winter from all of
Queensland’s QSCP netted beaches, which extend ~1000 km
north from the current study region. This suggests that spinner
sharks may migrate to deeper, offshore waters during winter
(Sumpton et al. 2010).

On the basis of the average size of spinner sharks in the
present study (198 cm TL) and the fact that both sexes of spinner
sharks are assumed to mature at between 190 and 200 cm TL
in Australian waters (Last and Stevens 1994), a large component
of the catch in the present study would have been mature. The
abundance of larger sharks in coastal waters during the summer
has been associated with the nursery role that inshore waters
provide for neonate and juvenile Carcharhiniformes (Springer
1967; Heupel et al. 2007). Neonate scalloped hammerheads,
neonate blacktips (C. limbatus/tilstoni), neonate dusky sharks
(C. obscurus), neonate nervous sharks (C. cautus) and neonate
pigeye sharks (C. amboinensis) have been observed in shallow
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regions of Moreton Bay (<3-m depth at low tide) (Taylor 2008)
and neonate spinner sharks have been reported from Hervey Bay
in spring and summer, ~250 km north of Moreton Bay (Adrian
Gutteridge, University of Queensland, pers. obs.). Sumpton
et al. (2010) observed near-term embryos from spinner sharks
caught in Queensland waters from January to March. In parallel,
these results suggest that the abundance of large female spinner
sharks during the warmer months may be related to the nursery
role that inshore waters provide for young spinner sharks in
south-eastern Queensland.

Future stock assessments and risk assessments of sharks
and rays in Queensland could benefit from the time series of
standardised catch data reported in the present study and should
consider the seasonal and spatial heterogeneity in the species
composition of larger sharks between Sunshine Coast and Gold
Coast coastal waters. The present study has demonstrated that
even larger sharks that are known to migrate long distances vary
in their spatial and seasonal patterns of abundance when they
occupy shallow coastal waters. Although advances in passive-
monitoring technology and satellite tags have increased our
understanding of the ecology and behaviour of larger sharks,
there is still a need for information on population-level differ-
ences in abundance and distribution. Bather-protection pro-
grams can provide this information and while they continue to
exist, their catch data should be further analysed to improve our
understanding of partitioning among larger sharks.
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