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ABSTRACT

The gummy shark (Mustelus antarcticus) is endemic to Australia and is the target of commercial
fisheries in southern Australia. However, the Queensland population is subjected to low levels
of fishing mortality. The present study re-analysed a limited length-at-age dataset collected from
central Queensland to estimate growth parameters in a Bayesian framework, with informative
priors for size-at-birth and maximum size. Growth parameters were estimated using a multi-
model approach. This study showed that M. antarcticus caught in Queensland exhibits slow
growth compared with conspecifics in southern Australia, and females grow slower and larger
than do males. The combined length-at-age data for males and females was best described by
the von Bertalanffy growth function and the growth parameters were L, = 1852 mm (total
length, TL), Ly = 261 mm TL and k = 0.044 year™' for males and females combined. The
‘BayesGrowth’ R package offers a simple method to minimise bias in the estimation of growth
parameters from a limited length-at-age dataset in a Bayesian framework.

Keywords: BayesGrowth, elasmobranch, growth, gummy shark, length-at-age, life history, Mustelus
antarcticus.

Introduction

The gummy shark (Triakidae: Mustelus antarcticus) is endemic to Australia and has been the
target of a commercial fishery since the 1920s (Moulton et al. 1992). The species occurs to a
depth of 400 m (Kyne et al. 2021) in southern and north-eastern Australia between
Geraldton, Western Australia (28°S), and Hinchinbrook Island in Queensland
(~18°20’S; Kyne et al. 2021). Prior to the study by White et al. (2021), the mustelid
found in Queensland was classified as the eastern spotted gummy shark (M. walkeri).
However, White et al. (2021) found no genetic or morphological difference between
M. walkeri and M. antarcticus, which extended the distribution of M. antarcticus beyond
the previous northern boundary located at Port Stephens, New South Wales (32°S)
(Walker 2016). An extensive tagging program conducted in southern Australia provided
evidence that the southern population extended northward to New South Wales, but not
into Queensland waters (White and Last 2008).

In contrast to southern Australian states, where cumulative annual harvest exceeds
2 kilotonnes (Gg) (https://fish.gov.au/report/301-Gummy-Shark-2020#), landings of
M. antarcticus in Queensland are negligible. In the period 2005-2021, logbook data
indicate that commercial net and line fishers landed a total of 443 kg in Queensland
(data available at: https://qfish.fisheries.qld.gov.au/). Further, charter vessels, hosting
recreational fishers, landed a total of 353 kg in the period 1996-2021. An average of
400 kg year™! was caught in the years 2013, 2014 and 2018 by line fishers operating in
the Coral Sea Fishery (data available at https://www.afma.gov.au/resources/catch-data),
which occurs outside of Queensland territorial waters.

Mustelus antarcticus is also caught as bycatch by vessels operating in Australia’s largest
penaeid-trawl fishery, the Queensland eastern coast otter trawl fishery (QECOTF, Rigby
et al. 2016). Fishers are required to return all individuals to the sea as soon as
practicable. Like all of the chondrichthyans (sharks, rays and chimeras) interacting with
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the QECOTF, catch and survival of discarded M. antarcticus
are unquantified. The lack of these data impedes the robust
quantitative assessment of the species’ population status in
Queensland. As such, qualitative assessments of a species’
exposure and resilience to trawling are used to assess the
ecological risk posed to chondrichthyans by the QECOTF
(e.g. Pears et al. 2012). A previous quantitative ecological
risk assessment demonstrated that the penaeid-trawl fishery
posed a low risk to the long-term sustainability of M. antarcticus
(Campbell et al. 2017). However, the authors stated that
improvements to life-history information for this, and other,
species are required to ensure the accurate assessment of risk.
Moulton et al. (1992) described the growth of
M. antarcticus from a broad geographical range in southern
Australia. These authors fit variants of the von Bertalanffy
growth function (VBGF) to length-at-age and tag-recapture
data and found that growth varied spatially and temporally,
and by sex. The VBGF growth completion parameter
derived in Moulton et al. (1992) varied between 0.047 and
0.304 year™!. More recently, Rigby et al. (2016) reported
the VBGF growth parameters for M. antarcticus, formerly
M. walkeri, on the basis of length-at-age samples collected
from the QECOTF in central Queensland, and found that the
species was slow growing (k = 0.033 year™!) and late to
mature (females: 10-14 years). However, the VBGF asymptotic
length at which growth is zero (i.e. L,) was found to be
2245 mm (total length, TL) despite a reported maximum size
of 1852 mm TL. The low sample size (n = 44) prompted the
authors to state that the estimates should be considered
preliminary. The aim of the current study was to update the
growth estimates of M. antarcticus in Queensland, reported
by Rigby et al. (2016), in a Bayesian framework, using prior
information to reduce bias in parameter estimates.

Materials and methods

The length-at-age data of M. antarcticus obtained by Rigby
et al. (2016) were re-examined. Three growth functions were
used to estimate mean length-at-age, namely, von Bertalanffy
growth function (VBGF), logistic growth function and
Gompertz growth function (Table 1; Smart et al. 2016). The
biologically relevant length-at-birth (L,) was estimated
(Cailliet et al. 2006). Growth was estimated in a Bayesian
framework using Markov-chain Monte Carlo (MCMC) to
overcome the low number of length-at-age observations.
Bayesian models were fit wusing the ‘BayesGrowth’
package (ver. 0.3.0, J. J. Smart, see https://github.com/
jonathansmart/BayesGrowth, accessed 11 May 2022) by
using R statistical software (ver. 4.0.2, R Foundation for
Statistical Computing, Vienna, Austria, see https://www.
R-project.org/, accessed 11 May 2022), in accord with
methods described by Smart and Grammer (2021) and
Emmons et al. (2021). Four MCMC chains with 10000

Table I. Equations of the three candidate growth functions used to
assess the growth of Mustelus antarcticus.

Model
Von Bertlanffy

Growth function

Le=Lo + (L — Lo)(1 — ™)

Gompertz function L=Lox e(Ln(%-;)u —et1t))

Logistic function = L, XLo(el®2)

T Lo xLp(e2t=N)

L, is the length (mm) at Age t (years); L, is the asymptotic length (mm); Lo is the
length at t = 0 (mm); and k, g, and g, are coefficients of the respective growth
functions to be estimated (year™).

simulations, with a burn-in period of 5000 simulations,
were used to determine parameter posterior distributions.
Model convergence was assessed using the Gelman-Rubin
test and diagnostic plots were generated using the
‘Bayesplot’ package (ver. 1.7.2, J. T. M. Gabry, see https://
me-stan.org/bayesplot, accessed 18 February 2021) in R.

Models were fit to length-at-age data for both sexes
combined, females only and males only. Each model was fit
with normal residual error structures (o). Prior distributions
for the Ly and L, estimates were informed by Walker
(2016). Walker (2016) also reported that the maximum size
of M. antarcticus differed as a function of sex with females
and males attaining 1852 mm (total length, TL) and
1482 mm TL respectively. Rigby et al. (2016) reported five
near-term pups with umbilical scars had a mean length of
257.8 mm (s.d. = 5.8). Given this information, normally
distributed priors (u, ) were set at L, ~ N(1852, 25) and
Lo ~ N(258, 5.8) for both sexes combined and for females
only. Additionally, a prior of L,, ~ N(1482, 25) was used
for males. A non-informative prior was used for ¢ and a
common non-informative prior was used for the growth
coefficients of the three candidate models (k, g; and g,
Table 1). An upper bound was nominated for the uniform
distributions of ¢ and k of 100 and 0.3 year™! respectively.
The common non-informative prior for the growth
coefficients allowed for comparison of the three candidate
growth functions, each with identical priors, as outlined by
Smart and Grammer (2021).

Differences in growth parameters between sexes were
assessed by comparing the 10000 posterior estimates of
L, k and Ly. A frequency histogram of the values in a vector
(vaifr), representing the result of subtracting the vector of
posterior estimates of each parameter for males from the
vector of posterior estimates for females, was generated.
A significant difference was detected if the 95% confidence
interval of the distribution of vg4;¢ did not include zero.

The original research was undertaken in accord with
James Cook University Animal Ethics Approval A1566, Great
Barrier Reef Marine Park Authority Permit G10/33603.1 and
Department of Fisheries, Agriculture and Forestry Permits
55105 and 147714.
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Results

The VBGF was found to best fit the length-at-age data for both
sexes combined (Supplementary Table S1, LOOICw = 1).
There was no support for either the logistic (LOOICw = 0)
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Fig. 1. Mean length-at-age of Mustelus antarcticus, derived using the

von Bertalanffy growth function. Priors were set at L, ~ N(1852, 25)
and Ly ~ N(258, 5.8). Dashed lines represent 95% credible intervals.
A non-informative prior was used for the growth coefficient
(k, Table 1), with a maximum value of 0.3 year™'. Length-at-age data
generated from samples collected by Rigby et al. (2016) in waters
adjacent to the Swains Reefs in central Queensland, Australia.

or the Gompertz (LOOICw = 0) growth functions. With the
sexes combined, the estimated VBGF parameters were
Lo, = 1852 mm TL, Ly = 261 mm TL and k = 0.044 year™!
(Fig. 1, Table S1). The VBGF was also found to best fit the
female length-at-age data (LOOICw = 1, Table S1), with the
estimated parameters of L., = 1853 mm TL, Lo = 260 mm
TL and k = 0.044 year~! (Fig. 2, Table S1). The VBGF also
best fit the male length-at-age data (Fig. 2, Table S1) and
the relevant parameters derived from this model were
Lo, = 1483 mm TL, L, = 258 mm TL and k = 0.060 year™
(Fig. 2, Table S1). Both L, and k differed significantly as a
function of sex (Supplementary Fig. S1).

Discussion

The results from the current study improve the growth para-
meter estimates originally reported by Rigby et al. (2016).
Specifically, the L., estimates derived herein approximate
the maximum reported size of the respective sexes. The
under-sampling of larger, older animals by Rigby et al. (2016)
resulted in a biased estimate of L, in their study. This was due
to the larger animals escaping the penaeid trawls via turtle-
excluder devices (TEDs: Brewer et al. 2006; Campbell et al.
2020) or decreased gear selectivity with an increasing shark
length (Clarke et al. 2005). Consequently, the VBGF growth
coefficient derived by Rigby et al. (2016) is also likely to be
biased, given k and L., covary negatively (Pardo et al. 2013).
The use of informative priors improves growth parameter
estimates, compared with estimates derived using frequentist
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Fig. 2. Growth of (a) female and (b) male Mustelus antarcticus, derived using the von Bertalanffy growth function. Priors were set at

Lo ~ N(1852, 25) and L., ~ N(1482, 25), for females and males respectively. A prior of Ly ~ N(258, 5.8) was set for both sexes. A
common non-informative prior was used for the growth coefficients of the respective growth functions (k, Table I), with a maximum
value of 0.3 year~'. Length-at-age data were generated from samples collected by Rigby et al. (2016) in waters adjacent to the Swains

Reefs in central Queensland, Australia.
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methods, when the under-sampling of older animals occurs
(Smart and Grammer 2021).

The higher L, and lower growth coefficients (k, Table 1)
for female M. antarcticus, compared to males, derived
herein are comparable to previous research (Lenanton et al.
1990; Moulton et al. 1992). Females growing slower, and to
larger sizes, is a common life-history strategy among
elasmobranchs (Cortés 2000). Similar life-history strategies
have also been reported for the confamilial M. canis (Conrath
et al. 2002), M. lenticulatus (Francis and Francis 1992),
M. californicus (Yudin and Cailliet 1990) and M. henlei
(Yudin and Cailliet 1990). The M. antarcticus individuals
caught in Queensland grow slower and to a smaller maximum
size, than do those caught in southern Australia (Moulton
et al. 1992), resulting in individuals of the same age
being comparatively smaller in Queensland samples. These
differences may be attributable to the depths at which the
respective M. antarcticus populations occur, given fish length
and depth have been shown to covary negatively in mustelids
(Smale and Compagno 1997) and other chondrichthyan
species (Rigby and Simpfendorfer 2015; Braccini et al. 2020).
The Queensland population is generally restricted to
relatively deep water (Rigby et al. 2016) compared with
conspecifics in southern Australian, which mainly occur in
shallow coastal waters (Moulton et al. 1992).

Rigby et al. (2016) used a multi-model approach in the
original study and, in accord with the results herein, found
that the length-at-age dataset was best described by the
VBGF. The use of growth functions other than the VBGF
was suggested by Cailliet et al. (1990), who found that the
growth of the star-spotted smooth-hound (Mustelus
manazo) appeared linear. Similarly, the length-at-age data
collected by Rigby et al. (2016) appeared linear and the
applicability of the respective growth functions found to
best fit the length-at-age data herein should be re-assessed
in future studies, should subsequent length-at-age data be
collected to better reflect the Queensland population of
M. antarcticus. There is a clear need to undertake further
sampling from the other fisheries accessing the Queensland
population of M. antarcticus, such as net and line fisheries,
given the likely selectivity issues associated with the
inclusion of TEDs in penaeid trawls. This will further
improve model fitting and increase the accuracy of the
resultant growth parameter estimates.

Unlike the southern Australian states, the lack of a
large-scale commercial fishery for M. antarcticus, and the
resultant lack of reliable catch data, precludes the use of
formal stock assessments for the Queensland portion of the
M. antarcticus stock. However, the post-trawl mortality
associated with capture by penaeid trawls is a source of
fishing mortality that is unquantified and this requires
attention to ensure that current levels of trawl effort are
sustainable in the long term. Subsequent studies should
validate shark catch by commercial trawl, net and line
fishers to ensure catches of M. antarcticus are not

misreported as other species or species groups (e.g. shark,
unspecified).

The availability of the ‘BayesGrowth’ R package allows
researchers with limited experience of Bayesian methods to
assess growth from limited length-at-age datasets. Obtaining
sufficient samples to quantify unbiased parameter estimates is
often difficult due to infrequency of catch (Smart et al. 2013)
or the selectivity of the sampling gear for individuals at the
upper and lower portions of the length-frequency distribu-
tion (Campbell et al. 2021). Further, the cost of obtaining
fish can limit sample sizes, particularly in remote areas
or where samples are purchased from commercial fishers.
Estimating growth parameters using prior information goes
some way to overcoming biases resulting from a low
sample size.

In conclusion, life-history information is necessary to
determine sustainable levels of fishing mortality. The current
study provides improved estimates of the growth parameters
for M. antarcticus, which enables more accurate assessment
of population status in Queensland. There is currently no
targeted fishery for M. antarcticus in Queensland and fishing
mortality is likely to be low, although post-trawl mortality is
unknown. Additional sampling will further improve future
growth parameter estimates.

Supplementary material

Supplementary material is available online.

References

Braccini M, Molony B, Blay N (2020) Patterns in abundance and size of
sharks in northwestern Australia: cause for optimism. ICES Journal
of Marine Science 77 (1), 72-82. doi:10.1093/icesjms/fsz187

Brewer D, Heales D, Milton D, Dell Q, Fry G, Venables B, Jones P (2006)
The impact of turtle excluder devices and bycatch reduction devices on
diverse tropical marine communities in Australia’s northern prawn
trawl fishery. Fisheries Research 81(2-3), 176-188. do0i:10.1016/
j-fishres.2006.07.009

Cailliet GM, Yudin KG, Tanaka S, Taniuchi T (1990) Growth
characteristics of two populations of Mustelus manazo from Japan
based upon cross-readings of vertebral bands. In ‘Elasmobranchs as
living resources: advances in the biology, ecology, systematics,
and the status of fisheries’. (Eds HL Pratt Jr, T Taniuchi, SH Gruber)
NOAA Technical Report NMFS Circular 90, pp. 167-176.
(US Department of Commerce)

Cailliet GM, Smith WD, Mollet HF, Goldman KJ (2006) Age and growth
studies of chondrichthyan fishes: the need for consistency in
terminology, verification, validation, and growth function fitting.
Environmental Biology of Fishes 77(3), 211-228. doi:10.1007/
5s10641-006-9105-5

Campbell M, Courtney T, Wang N, McLennan M, Zhou S (2017)
Estimating the impacts of management changes on bycatch
reduction and sustainability of high-risk bycatch species in the
Queensland East Coast Otter Trawl Fishery: final report for FRDC
Project number 2015/014. (Queensland Department of Agriculture
and Fisheries, Brisbane, Qld, Australia) Available at http://frdc.
com.au/Archived-Reports/FRDC%20Projects/2015-014-DLD.pdf

Campbell MJ, Tonks ML, Miller M, Brewer DT, Courtney AJ,
Simpfendorfer CA (2020) Factors affecting elasmobranch escape
from turtle excluder devices (TEDs) in a tropical penaeid-trawl

1403


https://doi.org/10.1071/MF22066
https://doi.org/10.1093/icesjms/fsz187
https://doi.org/10.1016/j.fishres.2006.07.009
https://doi.org/10.1016/j.fishres.2006.07.009
https://doi.org/10.1007/s10641-006-9105-5
https://doi.org/10.1007/s10641-006-9105-5
http://frdc.com.au/Archived-Reports/FRDC%20Projects/2015-014-DLD.pdf
http://frdc.com.au/Archived-Reports/FRDC%20Projects/2015-014-DLD.pdf
www.publish.csiro.au/mf

M. J. Campbell and C. L. Rigby

Marine and Freshwater Research

fishery. Fisheries Research 224, 105456. doi:10.1016/j.fishres.2019.
105456

Campbell MJ, McLennan MF, Courtney AJ, Simpfendorfer CA (2021) Life-
history characteristics of the eastern shovelnose ray, Aptychotrema
rostrata (Shaw, 1794), from southern Queensland, Australia. Marine
and Freshwater Research 72(9), 1280-1289. doi:10.1071/MF20347

Clarke MW, Borges L, Officer RA (2005) Comparisons of trawl and
longline catches of deepwater elasmobranchs west and north of
Ireland. Journal of Northwest Atlantic Fishery Science 35, 429-442.
doi:10.2960/J.v35.m516

Conrath CL, Gelsleichter J, Musick JA (2002) Age and growth of the
smooth dogfish (Mustelus canis) in the Northwest Atlantic Ocean.
Fishery Bulletin 100(4), 674-682.

Cortés E (2000) Life history patterns and correlations in sharks. Reviews in
Fisheries Science 8(4), 299-344. doi:10.1080/10408340308951115

Emmons SM, D’Alberto BM, Smart JJ, Simpfendorfer CA (2021) Age and
growth of tiger shark (Galeocerdo cuvier) from Western Australia.
Marine and Freshwater Research 72(7), 950-963. doi:10.1071/
MF20291

Francis MP, Francis RICC (1992) Growth rate estimates for New Zealand
Rig (Mustelus lenticulatus). Marine and Freshwater Research 43(5),
1157-1176. doi:10.1071/MF9921157

Kyne PM, Heupel MR, White WT, Simpfendorfer CA (2021) The action
plan for Australian sharks and rays 2021. (National Environmental
Science Program, Marine Biodiversity Hub: Hobart, Tas., Australia)
Available at https://www.nespmarine.edu.au/system/files/Shark_
Action_Plan_FINAL _Sept7_2021_WEB_RGB.pdf

Lenanton RCJ, Heald DI, Platell M, Cliff M, Shaw J (1990) Aspect of the
reproductive biology of the gummy shark, Mustelus antarcticus
Gunther, from waters off the South coast of Western Australia.
Marine and Freshwater Research 41(6), 807-822. doi:10.1071/
MF9900807

Moulton PL, Walker TI, Saddlier SR (1992) Age and growth studies
of gummy shark, Mustelus antarcticus Gunther, and school shark,
Galeorhinus galeus (Linnaeus), from Souther Australian Waters.
Marine and Freshwater Research 43(5), 1241-1267. doi:10.1071/
MF9921241

Pardo SA, Cooper AB, Dulvy NK (2013) Avoiding fishy growth curves.
Methods in Ecology and Evolution 4(4), 353-360. doi:10.1111/2041-
210x.12020

Pears RJ, Morison AK, Jebreen EJ, Dunning MC, Pitcher CR, Courtney AJ,
Houlden B, Jacobsen IP (2012) Ecological risk assessment of the East
Coast Otter Trawl Fishery in the Great Barrier Reef Marine Park:
technical report. (Great Barrier Reef Marine Park Authority,

Townsville, Qld, Australia) Available at http://elibrary.gbrmpa.gov.
au/jspui/bitstream/11017/1148/1/ECOTF_ERA_Technical web.pdf

Rigby C, Simpfendorfer CA (2015) Patterns in life history traits of deep-
water chondrichthyans. Deep Sea Research — II. Topical Studies in
Oceanography 115, 30-40. doi:10.1016/j.dsr2.2013.09.004

Rigby CL, White WT, Smart JJ, Simpfendorfer CA (2016) Life histories of
two deep-water Australian endemic elasmobranchs: Argus skate
Dipturus polyommata and eastern spotted gummy shark Mustelus
walkeri. Journal of Fish Biology 88,1149-1174. d0i:10.1111/jfb.12891

Smale MJ, Compagno LJV (1997) Life history and diet of two southern
African smoothhound sharks, Mustelus mustelus (Linnaeus, 1758)
and Mustelus palumbes Smith, 1957 (Pisces: Triakidae). South
African Journal of Marine Science 18(1), 229-248. doi:10.2989/
025776197784160992

Smart JJ, Grammer GL (2021) Modernising fish and shark growth curves
with Bayesian length-at-age models. PLoS ONE 16(2), €0246734.
doi:10.1371/journal.pone.0246734

Smart JJ, Harry AV, Tobin AJ, Simpfendorfer CA (2013) Overcoming the
constraints of low sample sizes to produce age and growth data for rare
or threatened sharks. Aquatic Conservation: Marine and Freshwater
Ecosystems 23(1), 124-134. doi:10.1002/aqc.2274

Smart JJ, Chin A, Tobin AJ, Simpfendorfer CA (2016) Multimodel
approaches in shark and ray growth studies: strengths, weaknesses
and the future. Fish and Fisheries 17, 955-971. doi:10.1111/faf.12154

Walker TI (2016) Gummy shark Mustelus antarcticus. In ‘The IUCN Red
List of Threatened Species 2016’. e.T39355A68634159. (International
Union for Conservation of Nature and Natural Resources) Available at
https://www.iucnredlist.org/species/39355/68634159

White W, Last P (2008) Description of two new species of gummy sharks,
genus Mustelus (Carcharhiniformes: Triakidae), from Australian
waters. In ‘Descriptions of new Australian chondrichthyans’. (Eds
PR Last, WT White, JJ Pogonoski) Paper number 022, pp. 189-202.
(CSIRO Marine and Atmospheric Research: Hobart, Tas., Australia)
Available at https://publications.csiro.au/rpr/download?pid=procite:
a68239ef-6483-480a-82{6-89be0dabl 3cd&dsid=DS1

White WT, Arunrugstichai S, Naylor GJP (2021) Revision of the genus
Mustelus (Carcharhiniformes: Triakidae) in the northern Indian
Ocean, with description of a new species and a discussion on the
validity of M. walkeri and M. ravidus. Marine Biodiversity 51(3), 42.
doi:10.1007/512526-021-01161-4

Yudin KG, Cailliet GM (1990) Age and growth of the gray smoothhound,
Mustelus californicus, and the brown smoothhound, M. henlei, sharks
from central California. Copeia 1990(1), 191-204. doi:10.2307/
1445835

Conflicts of interest.

Data availability. Data sharing is not applicable as no new data were generated or analysed during this study.

The authors declare that they have no conflicts of interest.

Declaration of funding. C. L. Rigby was supported by an Australian Post-graduate Award during the original research work. The Oceania Chondrichthyan
Society and Passions of Paradise provided funding to C. L. Rigby by a Student Research Award. The current study was funded by the Queensland Department of
Agriculture and Fisheries.

Acknowledgements. The authors extend their sincerest thanks to the crews of the vessels boarded by C. L. Rigby during the at-sea sampling, and to the owner
of the vessels, Steve Murphy, for his support of the original research. We also thank Jonathan Smart for his assistance in the use of his excellent R package, which will
undoubtedly be the basis of many future elasmobranch growth studies.

Author contributions. Matthew Campbell was responsible for the conceptualisation, methodology, formal analysis, writing — original draft preparation,
writing — reviewing and editing, visualisation; and Cassandra Rigby was responsible for the funding acquisition, investigation, writing — original draft
preparation, writing — reviewing and editing, resources.

Author affiliations
AQueensland Department of Agriculture and Fisheries, Agri-Science Queensland, Ecosciences Precinct, GPO Box 267, Brisbane, Qld 4001, Australia.

BCentre for Sustainable Tropical Fisheries and Aquaculture and College of Science and Engineering, James Cook University, | James Cook Drive, Townsville,
QIld 481 1, Australia.

1404


https://doi.org/10.1016/j.fishres.2019.105456
https://doi.org/10.1016/j.fishres.2019.105456
https://doi.org/10.1071/MF20347
https://doi.org/10.2960/J.v35.m516
https://doi.org/10.1080/10408340308951115
https://doi.org/10.1071/MF20291
https://doi.org/10.1071/MF20291
https://doi.org/10.1071/MF9921157
https://www.nespmarine.edu.au/system/files/Shark_Action_Plan_FINAL_Sept7_2021_WEB_RGB.pdf
https://www.nespmarine.edu.au/system/files/Shark_Action_Plan_FINAL_Sept7_2021_WEB_RGB.pdf
https://doi.org/10.1071/MF9900807
https://doi.org/10.1071/MF9900807
https://doi.org/10.1071/MF9921241
https://doi.org/10.1071/MF9921241
https://doi.org/10.1111/2041-210x.12020
https://doi.org/10.1111/2041-210x.12020
http://elibrary.gbrmpa.gov.au/jspui/bitstream/11017/1148/1/ECOTF_ERA_Technical_web.pdf
http://elibrary.gbrmpa.gov.au/jspui/bitstream/11017/1148/1/ECOTF_ERA_Technical_web.pdf
https://doi.org/10.1016/j.dsr2.2013.09.004
https://doi.org/10.1111/jfb.12891
https://doi.org/10.2989/025776197784160992
https://doi.org/10.2989/025776197784160992
https://doi.org/10.1371/journal.pone.0246734
https://doi.org/10.1002/aqc.2274
https://doi.org/10.1111/faf.12154
https://www.iucnredlist.org/species/39355/68634159
https://publications.csiro.au/rpr/download?pid=procite:a68239ef-6483-480a-82f6-89be0dab13cd&dsid=DS1
https://publications.csiro.au/rpr/download?pid=procite:a68239ef-6483-480a-82f6-89be0dab13cd&dsid=DS1
https://publications.csiro.au/rpr/download?pid=procite:a68239ef-6483-480a-82f6-89be0dab13cd&dsid=DS1
https://publications.csiro.au/rpr/download?pid=procite:a68239ef-6483-480a-82f6-89be0dab13cd&dsid=DS1
https://doi.org/10.1007/s12526-021-01161-4
https://doi.org/10.2307/1445835
https://doi.org/10.2307/1445835
https://antarcticus.In

	A re-examination of the growth of the gummy shark (Mustelus antarcticus) from Queensland, Australia
	Introduction
	Materials and methods
	Results
	Discussion
	Supplementary material
	References


