
P u b l i s h i n g

Marine and Freshwater Research
CSIRO Publishing
PO Box 1139 (150 Oxford St)
Collingwood, Vic. 3066, Australia

Telephone: +61 3 9662 7618
Fax: +61 3 9662 7611
Email: mfr@publish.csiro.au

Published by CSIRO Publishing 
for CSIRO and the Australian Academy of Science

w w w . p u b l i s h . c s i r o . a u / j o u r n a l s / m f r

All  enquiries and manuscripts should be directed to:

Volume 52,  2001
©  CSIRO  2001

A journal for the publication of original contributions
in physical oceanography, marine chemistry,
marine and estuarine biology and limnology

Marine
Freshwater
Research



 

Mar. Freshwater Res.

 

,

 

 

 

2001,

 

 

 

52

 

,

 

 

 

549–61

© CSIRO 2001 10.1071/MF99174    1323-1650/01/040549

 

Changes in relative abundance of sharks and rays on Australian South East 
Fishery trawl grounds after twenty years of fishing

 

K. J. Graham, N. L. Andrew

 

A

 

 and K. E. Hodgson

 

B

NSW Fisheries Centre, PO Box 21, Cronulla, NSW 2230, Australia

 

A

 

Present address: National Institute of Water and Atmospheric Research, PO Box 14-901 Kilbirnie, Wellington, 
New Zealand

 

B

 

Present address: Tasmanian Aquaculture & Fisheries Institute, Nubeena Crescent, Taroona, Tas. 7053, Australia

 

Abstract.   

 

Upper continental slope trawling grounds (200–650 m depth) off New South Wales were surveyed with
the same vessel and trawl gear and similar sampling protocols in 1976–77 (during the early years of commercial
exploitation) and in 1996–97. The 1996–97 mean catch rate of sharks and rays, pooled for the main 15 species (or
species groups), was ~20% of the 1976–77 mean. Individual catch rates were substantially lower in 1996–97 for
13 of the 15 species or species groups. The greatest decline was observed for dogsharks of the genus 

 

Centrophorus

 

,
which were most abundant in 1976–77 but rarely caught 20 years later. In contrast, 1996–97 catch rates of spiky
dogshark (

 

Squalus megalops

 

) and, to a lesser extent, whitefin swell shark (

 

Cephaloscyllium

 

 sp. A) were similar to
those in 1976–77. Trawling during 1979–81 provided data for nine species, albeit not corrected for larger gear size,
and the pooled mean catch rate for sharks and rays in the depth range 300–525 m was ~28% of the mean for 1976–
77. The results suggest that the biomass of most species of sharks and rays declined rapidly as the fishery
developed and is now at very low levels. 

 

I

 

ntroduction

 

The difficulties of sustainably harvesting sharks and rays,
and the consequent failures of management, have been
highlighted by many authors (e.g. Holden 1974; Anderson
1990; Hoenig and Gruber 1990; Pratt and Casey 1990;
Shotton 1999; Walker 1999). This problem is particularly
acute in multi-species trawl fisheries in which sharks and
rays are only a relatively minor bycatch (Compagno 1990);
such fisheries often continue long after the collapse of the
cartilaginous fish stocks. The probability of sustainable
exploitation is further diminished by poor knowledge of the
biology and ecology of many sharks and rays, particularly
deepwater species.

The demersal trawl-fishery on the continental slope
around south-eastern Australia shares many of the above
impediments to sustainable exploitation of sharks. Off New
South Wales (NSW), commercial trawling on the upper
slope began in 1968. Two vessels operating out of
Wollongong targeted mainly redfish (

 

Centroberyx affinis

 

)
but also landed substantial quantities of gemfish (

 

Rexea
solandri

 

), mirror dory (

 

Zenopsis nebulosus

 

) and edible
shark (Diorio 1976). By 1974, there were about 12 vessels
trawling the slope off Wollongong and Sydney but the main
expansion of the fishery was between 1975 and 1980
following exploratory trawling by the NSW Government’s
fisheries research vessel 

 

Kapala

 

 (Crozier and Graham 1978;

Graham and Gorman 1985). By the early 1980s, more than
100 trawlers between 15 and 25 m in length operated off
NSW and landed about 15000 t of fish per year; about 60 of
these trawlers regularly fished on the upper slope (Graham

 

et al.

 

 1982).
Between 1977 and 1988, catches from the upper slope

accounted for more than half of the trawl-fish landings in
NSW. The majority of the catch consisted of gemfish,
redfish, mirror dory, ling (

 

Genypterus blacodes

 

) and ocean
perch (

 

Helicolenus barathri

 

). Significant landings of edible
shark, principally dogsharks (fam. Squalidae) and angel
shark (

 

Squatina

 

 sp.), were also made but detailed catch
statistics were not recorded for these species. It is likely,
however, that during the early years, substantial quantities
of dogsharks were discarded by trawlers in preference to the
more marketable teleosts. By the late 1980s, catch rates of
several upper slope species off NSW, in particular gemfish
and redfish, had declined markedly (Rowling 1994

 

a

 

, 1994

 

b

 

,
1997). In 1992, management controls in the form of Total
Allowable Catches and Individual Transferable Quotas for
15 species of teleosts were introduced into what became the
South East Fishery (SEF), including NSW (Tilzey 1994).
By the end of the 1990s, the number of trawlers regularly
fishing the NSW slope grounds was about 40.

The fact that no management controls were applied to
any species of shark or ray almost certainly reflected their
low level of abundance and economic importance at the
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time controls for teleosts were introduced. Although sharks
were never a major part of the landed catch in the SE trawl
fishery, angel shark, gummy shark (

 

Mustelus antarcticus

 

),
sawshark (

 

Pristiophorus

 

 spp.) and the larger species of
dogsharks were a valuable bycatch. In recent years a market
for squalene, an oil extracted from the livers of many
deepwater dogsharks, has added to the value of those sharks.
However, landings of upper slope sharks by NSW trawlers
are now at very low levels (Liggins 1997).

In 1976–77 and 1996–97, stratified surveys by FRV

 

Kapala

 

 were done on trawl grounds off central and southern
NSW in depths between 200 and 650 m. Surveys were also
done over a depth range of 300–525 m on the same grounds
in 1979–81. Details of the 1996–97 survey were presented
in Graham 

 

et al

 

. (1997) and a more comprehensive analysis
of the differences among surveys and depths between the
1976–77 and 1996–97 periods was reported for important
teleosts and elasmobranchs by Andrew 

 

et al

 

. (1997). In this
paper, we document the relative abundances of 15 species
(or species groups) of sharks (including ghostshark) and
rays on the NSW upper slope from the three survey periods
between 1976 and 1997. Because the initial survey was done
close to the beginning of the fishery, the results provide a
rare opportunity to describe any changes in relative
abundance after 20 years of trawling on previously
unexploited stocks.

 

Materials and methods

 

Upper slope trawling grounds (depth range 200–650 m) were surveyed
off Sydney–Newcastle, Ulladulla–Batemans Bay and Eden–Gabo
Island (referred to below as Sydney, Ulladulla and Eden; Fig. 1). These
grounds were described in detail by Graham and Gorman (1985). The
upper slope between Newcastle and the ‘Horseshoe’ (a canyon and
rough seabed area indenting the continental shelf south-west of Gabo
Island) is narrow (3–5 nmile wide) with an overall area of about 1290
sq. nmile, ~ 75% of which is trawlable. The area of the three survey
grounds was about 440 sq. nmile of which 65% was surveyed.

The three grounds were surveyed in 1976–77 and again in 1996–97
using the same vessel and trawl gear of the same design and
dimensions. The headline length of the trawl nets was 21 m, and the
total length of the sweep and bridles on each side was 75 m (see
Graham 

 

et al.

 

 1997 for gear details). The Sydney and Ulladulla
grounds were surveyed twice in each of 1976, 1977 and 1996; the Eden
area was surveyed three times in 1977, twice in 1996 and once in 1997.
The 1996–97 surveys were done at the same time of the year as those
in 1976–77. At each location, tows (usually three) were done along
each of eight isobaths: 220, 275, 330, 385, 440, 495, 550 and 605 m.
Logistic constraints reduced the number of tows per isobath during
some surveys. Trawling speed was approximately 3.0 kn. In both the
1976–77 and 1996–97 survey periods, data from tows in adjacent
depths were pooled into four depth zones. These depth zones were: 1,
220–275 m; 2, 330–385 m; 3, 440–495 m; and 4, 550–605 m.

During 1976–77, the order of depths was randomized but on most
occasions, two or three of the tows within a particular depth were done
on the same day. Tow duration was initially 2 h (Sydney, Survey 1) but
thereafter mostly for 1 h; of the 246 tows done in 1976–77, 219 were
for 1 h. Most (85%) tows were done in daylight; night-time tows were
in the evening, soon after nightfall. In 1996–97, all 159 tows were for
1 h at 3.0 kn during daylight. The random order in which tows were

done was constrained such that only one tow was done per isobath per
day and, unless unavoidable, adjacent depths were not sampled within
any day.

Supplementary data were derived from surveys and other trawling
done between 1979 and 1981 on the same grounds as the 1976–77
surveys. A range of net designs, sizes and trawl configurations was
used in these surveys (Andrew 

 

et al

 

. 1997). In all instances the trawls
were the same size or larger than those used in 1976–77 and we assume
that the fishing power of the trawls used in 1979–81 was equal to or
greater than that of the standard nets used in 1976–77 and 1996–97. No
attempt was made to standardize catch rates for the 1979–81 nets.
Because the main target species was gemfish, most tows were done
during June–October and in depths between 300 and 500 m.
Consecutive tows were seldom in the same depth, and the same depth
was only occasionally sampled twice per day. Tow duration was
between 30 and 120 min, with 70% of tows for 60 min; 95% of tows
were during daylight. Sampling protocols were otherwise the same as
those described for the 1976–77 surveys.

Because of differences in the nature and structure of the 1979–81
survey design, comparisons with the other surveys were possible only
for data from tows in depths equivalent to Zones 2 and 3 (see above).
Data for species normally caught in Depth Zones 2 and 3 (based on

Fig. 1. Map of the NSW coast showing locations of survey grounds.
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1976–77 data) were pooled for tows between 300 and 525 m at each
location. For the purposes of comparisons, data from 1976–77 and
1996–97 tows in Depth Zones 2 and 3 (or only Zone 2 for the
shallower water species) were aggregated in the same manner and
presented as mean catch rates for each survey period.

During all surveys, total weights of each species (or species group)
were recorded for each tow. Where necessary, tows were standardized
to 1 h by simple proportional scaling. All catch rates are presented as
pooled means (± 1 s.e.) either in the text or in tables. Mean catch rates
(± 1 s.e.) are presented at the lowest level (i.e. for each survey, depth
and location) for the 10 most important species or species groups as
figures (Figs 2–11). Lengths (by sex) of commercially important spe-
cies of sharks were collected from most catches in 1976–77 and all
catches in 1996–97. Large catches were randomly subsampled for
length data. 

Taxonomic nomenclature follows Last and Stevens (1994). For
uniformity, the common name ‘dogshark’ has been preferred for all
species in the family Squalidae. In general, the term ‘sharks and rays’
refers to all chondrichthyans, including ghostsharks (chimaeras). 

 

Results

 

1976–77 and 1996–97 surveys

 

In total, 51 species of chondrichthyans were identified in the
catches in 1976–77 (43 spp.) and 1996–97 (46 spp.).
Detailed catch data are presented for 15 species or species
combinations of commercially important or commonly
caught non-commercial sharks and rays. Length data were
collected for most sharks but there was either no detectable
difference between the 1976–77 and 1996–97 data (e.g.
spiky dogshark) or, as for most species, there were too few
caught in 1996–97 to meaningfully compare with the early
data (Andrew 

 

et al. 

 

1997).
A total of 246 tows was completed in 1976–77 (Sydney

93 tows, Ulladulla 90 and Eden 63) and 159 tows in 1996–
97 (Sydney 48, Ulladulla 48 and Eden 63). Across all
grounds, surveys and depths, a total of 167 t of fish (teleosts,
sharks and rays) was caught in 1976–77 at a mean catch rate
of 681 kg h

 

–1

 

. In 1996–97 the total catch was 36 t and the
mean catch rate was 216 kg h

 

–1

 

, representing a 68%
reduction in overall catch rate (Table 1).

The shark and ray component of the total catch (across all
grounds) was 79.6 t in 1976–77 and 10.6 t in 1996–97. The
1996–97 mean catch rate of 65 kg h

 

–1

 

 was approximately
20% of the 323 kg h

 

–1

 

 recorded in 1976–77 (Table 1). Off
Sydney, the overall shark and ray catch rate in 1996 (131 kg
h

 

–1

 

) was about 40% of that in 1976–77 and was dominated
by spiky dogshark. When the spiky dogshark data are
excluded, the 1996 mean catch rate for Sydney was less than
10% of the initial level. On both the Ulladulla and Eden
grounds, the 1996–97 mean catch rates were about 10% of
those in 1976–77. Within depth zones, mean catch rates of
similar magnitude for both survey periods were recorded
only off Sydney in Depth Zones 1 and 2, and in Zone 1 off
Ulladulla and Eden (Fig. 2). In those depths, the relatively
large catches of spiky dogshark taken during both 1976–77
and 1996–97 were a major proportion of the overall catches
(see below).

The 15 sharks and rays to be discussed can be divided
into two groups according to their capture depths. The first
consists of species caught across most or all survey grounds
and depth zones. It  includes Harrissons dogshark
(

 

Centrophorus harrissoni

 

), southern dogshark (

 

C. uyato

 

),
Endeavour dogshark (

 

C. moluccensis

 

), greeneye dogsharks
(

 

Squalus

 

 spp.), longsnout dogshark (

 

Deania quadrispinosa

 

),
whitefin swell shark (

 

Cephaloscyllium

 

 sp. A), sharpnose
sevengill shark (

 

Heptranchias perlo

 

), silver ghost shark
(

 

Hydrolagus ogilbyi

 

) and skates (

 

Raja

 

 spp.). The second
group, comprising spiky dogshark, eastern angel shark
(

 

Squatina

 

 sp. A), gummy shark, eastern sawshark
(

 

Pristiophorus

 

 sp. A), school shark (

 

Galeorhinus galeus

 

)
and stingarees (

 

Urolophus

 

 spp.), were species caught
mainly in Depth Zones 1 and 2; species in this group also
inhabit mid- to outer-shelf depths (100–200 m) as well as
the shallow upper slope depths.

Harrissons and southern dogsharks were not separated in
the two 1976 surveys off Sydney, and the initial 1976 survey
off Ulladulla. In those 1976–77 surveys when the two
species were separated, southern dogshark formed
approximately 75% of the combined catch (Table 1). To
compare catch rates across all grounds and surveys, data for
the two species were combined. Harrissons and southern
dogsharks were caught in all depths on all grounds and they
represented about 9%, 18% and 32% of the 1976–77 total
fish catches off Sydney, Ulladulla and Eden, respectively
(Table 1). The greatest catches were in Depth Zones 3 and 4
off Ulladulla and Eden (Fig. 3). Mean catch rates varied
greatly within surveys and depths with individual catches as
high as 1600 kg off Ulladulla and 2700 kg on the Eden
ground. In 1976–77, the overall mean catch rate (for data
pooled across all grounds and depths) was 126 kg h

 

–1

 

. In
contrast, a total of only 14 southern and 8 Harrissons
dogsharks (total catch of 67 kg, mean catch rate 0.4 kg h

 

–1

 

)
was caught in 1996–97. This formed less than 1% of the
total catch weight of fish caught on the three grounds. 

Endeavour dogsharks were caught in all depths off
Sydney (mean 25 kg h

 

–1

 

) and Ulladulla (mean 8 kg h

 

–1

 

) in
1976–77, but only two individuals were caught off Eden
(Table 1). Mean catch rates on the Ulladulla ground were
relatively high during the first survey in 1976 (max. 71 kg h

 

–1

 

in Zone 3) but consistently low (<5 kg h

 

–1

 

) across all depths
during later surveys (Fig. 4). In 1996–97, only 12
Endeavour dogsharks (24 kg) were caught off Sydney
(mean catch rate 0.5 kg h

 

–1

 

) and none was caught off
Ulladulla or Eden.

The 1976–77 greeneye dogshark catches are now
believed to have included two species (

 

Squalus

 

 sp. F

 

 

 

and

 

 S.
mitsukurii

 

). The bi-modal nature of the length–frequency
data for males (Andrew 

 

et al.

 

 1997) suggests that the two
species were caught in approximately equal numbers off
Sydney and Ulladulla, whereas the Eden data indicate that
75% or more of the greeneye dogshark catch in the southern
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area comprised 

 

S.

 

 

 

mitsukurii

 

. The 1976–77 catch rates of
greeneye dogsharks were greatest off Sydney (mean 92 kg
h

 

–1

 

), and were progressively lower off Ulladulla (22 kg h

 

–1

 

)
and Eden (8 kg h

 

–1

 

) (Table 1). On the Sydney ground, catch
rates generally decreased with increasing depth (Fig. 5). In
1996–97, the mean catch rate was 3 kg h

 

–1

 

 off Sydney and 1
kg h

 

–1

 

 off Ulladulla; the catches included both species but
over 80% (by number) were 

 

Squalus

 

 sp. F. Off Eden, a
single 

 

S. mitsukurii

 

 was caught in 1997.
Longsnout dogshark catches were greatest in Depth

Zones 3 and 4 off Sydney and in Zone 4 on the Ulladulla and
Eden grounds, although catch rates were highly variable
among surveys (Fig. 6). When the data were pooled across
depths, the 1976–77 mean catch rates were similar for all
grounds and the overall catch rate (11.0 kg h

 

–1

 

) was
substantially higher than the 1.4 kg h

 

–1

 

 recorded in 1996–
97. The 1996–97 catches of longsnout dogshark were almost
totally confined to Zone 4 off Ulladulla and Eden (Table 1,
Fig. 6).

The whitefin swell shark was caught in all depths on all
grounds and overall catch rates were similar during both
survey periods (Fig. 7). Across all grounds and depths, the
mean catch rate of 4.9 kg h

 

–1

 

 in 1996–97 was 68% of the

Fig. 3. Mean catch rates (kg h–1 + 1 s.e.) for Harrissons
(Centrophorus harrissoni) and southern (C. uyato) dogsharks
(combined) at each location. Each bar represents one survey. Depth
zones are: 1, 200–275 m; 2, 330–385 m; 3, 440–495 m; 4, 550–605 m.

Fig. 2. Mean catch rates (kg h–1 + 1 s.e.) for total sharks and rays at
each location. Each bar represents one survey. Depth zones are:
1, 200–275 m; 2, 330–385 m; 3, 440–495 m; 4, 550–605 m.

Fig. 4. Mean catch rates (kg h–1 + 1 s.e.) for Endeavour dogshark
(Centrophorus moluccensis) at each location. Each bar represents one
survey. Depth zones are: 1, 200–275 m; 2, 330–385 m; 3, 440–495 m;
4, 550–605 m.
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mainly Centrophorus spp., reported by dropliners for the
years 1994–1998 ranged between 1.8 and 5.7 t (NSW
Fisheries Catch Data). Although these catches appear small,
there are no data for the 1970s and so we have no way of
knowing whether there have been changes through time in
the relative abundance of dogsharks on non-trawlable
g round .

The impact of trawling on the biomass of NSW slope
sharks and rays appears to have followed the pattern of most
exploited demersal shark stocks worldwide (see case studies
reported in Shotton (1999) for a recent compilation). The
susceptibility of chondrichthyans to fishing pressure and,
frequently, stock collapse has been widely reported in the
literature (Holden 1974; Anderson 1990; Compagno 1990;
Hoenig and Gruber 1990; Pratt and Casey 1990; Stevens et
al. 1997; Walker 1998) and is inextricably related to their
biology. Life history attributes that predispose sharks and
rays to overexploitation include slow growth, late onset of
sexual maturity, oviparous, ovoviviparous or viviparous
reproduction, low fecundity, and low natural mortality. The
species sampled during this study possess many of these
characteristics. Biological information collected on NSW
slope dogsharks (K. Graham, unpublished) shows that all
species reach maturity when they are close to their
maximum size. The southern dogshark produces only a
single pup at any time and Harrissons dogshark bears one or,
more commonly, two pups. Spiky dogshark has a maximum
litter size of three, and of the two greeneye dogshark
species, up to 10 pups were observed in Squalus mitsukurii,
and up to five in Squalus sp. F. Gestation time is unknown
for these species in Australian waters but is likely to be
between one and two years, the usual time for squaloid
sharks (Ketchen 1972; Hanchet 1988; Yano and Tanaka
1988; Wilson and Seki 1994). Gordon (1999) suggests that
the gestation period of some deepwater squalids could be as
long as two to three years. Age at sexual maturity is
unknown for Australian dogsharks but Watson and Smale
(1999) estimated that for the South African spiny dogshark
(S. megalops), females take (on average) 22 years to mature,
and males 15 years. It is likely that the larger species of
dogsharks on the NSW slope mature at an even greater age.
The low fecundity of the NSW slope chondrichthyans was
reflected in the catch composition. Unlike some species of
teleosts that had substantially reduced numbers of large fish
but relatively high numbers of juveniles (Andrew et al.
1997), very few juvenile sharks and rays were caught during
1996–97. It is most likely, therefore, that the regular fishing
pressure of the SEF trawl fleet combined with the life
history attributes of these species will ensure that the stocks
remain at low levels. 

In summary, we believe there is a strong basis for
inferring that sustained trawling over 20 years is the most
likely and predominant cause of the observed changes in
relative abundance of sharks and rays on the NSW upper

slope. This interpretation relies on combining relative
abundance data from three time periods in the fishery with
knowledge of the history of the fishery and the biology of
these species. When all the data are considered, the
magnitude and consistency of the decline among sampling
periods, surveys and replicate tows suggest that the
observed patterns reflect real changes. The very low relative
abundances described in this study further suggest that
stocks are at historically low levels. As confirmed by
Liggins (1996, 1997), sharks are now only a minor
component of the commercial catch from the NSW upper
slope. However, there are currently no management
measures for any chondrichthyans caught by trawling in the
SEF. When catch quotas were introduced for 15 species of
teleosts in 1992 (Tilzey 1994), sharks were already a minor
component of the commercial catch. Teleost fishes continue
to sustain the trawl sector of the SEF and there are no stock
assessments for  commercial  sharks.  This  lack of
management for sharks is consistent with Bonfil’s (1994)
suggestion that few managers will constrain economically
or socially important fisheries to manage elasmobranch
stocks.

Last and Steven’s (1994) guide to the Australian
chondrichthyan fauna includes 97 species not identifiable in
the literature. At least half of the undescribed species were
reported from slope depths, highlighting the relative lack of
knowledge about Australia’s deepwater fauna. Many of the
species caught on the NSW slope appear to have restricted
natural distributions and some species such as Harrissons
dogshark, eastern sawshark and Grahams skate (Raja sp. C)
are found only off NSW and eastern Bass Strait (Last and
Stevens 1994). Harrissons dogshark was also reported from
Western Australia but that population is now considered
distinct from the east coast species (P. Last, personal
communication). The large size, low fecundity (see above)
and relatively high commercial value of Harrissons
dogshark make this and similar species particularly
vulnerable. If sharks and rays are considered important
components of the biodiversity of the outer continental shelf
and upper slope, then conservation measures need to be
quickly canvassed. Management measures appropriate to
multispecies fisheries such as the SEF include closing
sections of the fishing grounds to trawling (see also Bax et
al. 1999). Replicated closures along the NSW coast would
provide the basis for a large-scale evaluation of the efficacy
of this management option (Walters 1986; Bohnsack 1990;
McAllister and Peterman 1992; Sainsbury et al. 1997;
Sumaila 1998).
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