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Abstract

Demography and life-history characteristics of reef fishes may vary as a consequence of ecological and environmental factors
that lead to changes among populations. We evaluated variation in life-history traits in the leatherjacket Meuschenia scaber
(Monacanthidae) through age-based analysis of 2112 fish collected from three locations in New Zealand distributed along
an 8° latitudinal and 5 °C SST gradients. Meuschenia scaber showed distinct differences in age structure, growth patterns,
maximum size and age, sex ratio and mortality across this latitudinal gradient. At warmer lower latitudes (Hauraki Gulf) the
population displayed significantly greater mean adult body size (L,,,,) and asymptotic length (L,,) in comparison with the
other two locations. Fish from Tasman Bay (mid-range latitude) had a longer life span (7},,,,) and a maximum age of 19 years,
which represents the longest-lived monacanthid documented to date. Fish from Pegasus Bay (cooler higher latitude) showed
a slower initial growth than lower latitude counterparts. The difference in maximum age between the sexes declined clinally
from 7 years in the Hauraki Gulf to 3 years in Tasman Bay and 1 year in Pegasus Bay. Meuschenia scaber females tended to
display heavier and larger body size than males at all three locations. Sex ratios varied among populations and with depth,
suggesting females in the Hauraki Gulf and Tasman Bay may move into deeper water with age. Given the increasing global
exploitation of monacanthids in multispecies fisheries and their long-living nature, our results provide valuable age-based
demographic information essential for future conservation, monitoring and management programs.

Introduction

Life-history traits, such as growth and mortality rates, can
be influenced by many factors including habitat, reproduc-
tive strategy, seasonal variation, and fishing activities. Life-
history traits of many reef fishes have been shown to vary
along geographic ranges at different spatial scales and across
environmental gradients (Conover 1992; Brown 1995; Choat
and Robertson 2002). This is thought to reflect the effects of
environmental factors such as temperature, food availability
and quality, habitat and predation pressure (Jennings and
Beverton 1991; DeMartini et al. 2005), and such variation
has been demonstrated in both tropical (Gust et al. 2002;
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Choat et al. 2003; Pears 2005; Berumen et al. 2012) and
temperate reef fish species (Caselle et al. 2011; Hamilton
et al. 2011; Trip et al. 2014). For example, several stud-
ies have shown that reef fish living at higher latitudes grow
slower but attain larger adult body sizes, a pattern referred
to as the Temperature Size Rule (Atkinson 1994; Arendt
2011), and that is often associated with later sexual matura-
tion and greater longevity (Stearns and Koella 1986). Lastly,
variation in life-history traits such as growth rate, size and
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age structure, longevity and reproductive characteristics has
been associated with selective fishing practices (Law 2000;
Hawkins and Roberts 2004; Hamilton et al. 2007). Studies
of species that were previously believed to be short-lived
(e.g. pomacentrids, acanthurids, and lutjanids) revealed
extended life spans (20-40 years) with populations domi-
nated by older individuals (Choat and Robertson 2002), and
such underestimation can lead to problems with sustainable
exploitation of targeted species (Musick 1999). Thus, under-
standing the processes that drive changes in demography
and life history of fish populations is not only relevant to the
knowledge of the species’ ecology but also a central goal for
managing exploitation.

The present study examines spatial variability in age-
based demographic characteristics in one of the most com-
mon monacanthid species in southern temperate Australasia,
the leatherjacket Meuschenia scaber. This reef-associated
species is widely distributed in the waters of both south-
ern Australia (from Cape Naturaliste to Sydney, including
Tasmania) and New Zealand, where its geographical range
covers 18° of latitude extending from the Kermadec Islands
to Stewart Island (Hutchins and Swainston 1986; Francis
1993, 1996). This makes the study species a good candidate
to explore variation in life-history traits along a latitudinal
gradient, and gaining a better understanding of its ecology
will contribute towards sustainable management of this spe-
cies. Meuschenia scaber is exploited in both Australia and
New Zealand and is the main monacanthid species caught in
the Australian southeast trawl fishery (Yearsley et al. 1999).
According to paleontological studies, leatherjacket has been
harvested by Maori since their arrival in New Zealand, and
represented the most common taxon in catches, along with
jack mackerel (Trachurus sp.) and snapper (Chrysophrys
auratus), in northern New Zealand (Anderson 1997; Allen
2014). Meuschenia scaber has been a bycatch component of
New Zealand inshore bottom trawl landings since the early
1950s. The management of the species started in 2003 with
its introduction in the national quota management system,
and its current total allowable commercial catch (TACC) is
set to 1461 tonnes per year (Ministry for Primary Industries
2013). However, due to the fact that ageing fish of the family
Monacanthidae is challenging due to the dimension, unusual
shape and fragility of the sagittal otoliths (Grove-Jones and
Burnell 1991; Mancera-Rodriguez and Castro-Hernindez
2004; Kim et al. 2016), there is a lack of information on life
history. This appears to have hampered the recognition and
understanding of separate stocks not only for M. scaber in
New Zealand waters but also that of other monacanthid spe-
cies around the world (Ministry for Primary Industries 2017,
Miller et al. 2010). Recent studies carried out in the Hau-
raki Gulf (New Zealand) have unlocked various aspects of
the species’ life-history including its pair spawning behav-
iour and gonochorism (Visconti et al. 2018a), as well its
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unexpected longevity (Visconti et al. 2018b). However, the
magnitude of demographic variation among populations in
response to environmental variation and along geographical
latitudes is still to be examined.

The aim of this study was to assess geographic variation
in demography and life-history characteristics of M. scaber
in New Zealand waters. The Hauraki Gulf (LEA 1), Tas-
man Bay/Golden Bay (LEA 2) and Pegasus Bay/Canterbury
Bight (LEA 3) represent the three main statistical areas for
leatherjacket landings in New Zealand, with almost 80% of
the TACC allocated to the central area (LEA 2). Our sam-
pling was designed to reflect this, and M. scaber was col-
lected from each of these three locations, i.e. Hauraki Gulf,
Tasman Bay and Pegasus Bay. The reproductive biology and
ageing protocol of the species were addressed in previous
work (Visconti et al. 2018a, b). The present study examines
geographic variation in (1) size and age composition, (2)
longevity, (3) growth, (4) length—weight relationship, (5)
condition, (6) reproductive seasonality, (7) sex ratio and
(8) mortality of M. scaber across the three locations. These
parameters were used to test the hypothesis that Meusche-
nia scaber followed the temperature-size rule (TSR) along
a north—south latitudinal gradient in New Zealand waters.
With this in mind we further examined whether site-specific
variation (i.e. habitat) and temperature influenced reproduc-
tive ecology and life-history traits.

Materials and methods
Study areas and sampling procedures

A total of 2112 M. scaber individuals were collected from
three areas in New Zealand waters (Fig. 1) between July
2014 and March 2016: the Hauraki Gulf (35.9-36.6°S,
174.7-175.9°E) (n=658), Tasman Bay (40.5-41.1°S,
173.0-173.4°E) (n=1003) and Pegasus Bay (43.0-43.4°S,
172.4-173.1°E) (n=451). The sampling locations differ
in mean annual sea surface temperatures (SST), ranging
from 17.6 °C for Hauraki Gulf, 14.7 °C for Tasman Bay
and 12.6 °C for Pegasus Bay. Sampling methods in the
Hauraki Gulf are described in Visconti et al. (2018b), but
only data from fish taken by commercial bottom trawlers
(n=152) were used to represent Hauraki Gulf in the pre-
sent study to allow direct comparison with the other two
locations (see below). Monthly samples were obtained from
commercial vessels (bottom trawlers) operating in Tasman
Bay and supplemented with specimens from the West Coast
South Island (WCSI 2015) inshore trawl survey conducted
between March and April 2015 (Stevenson and MacGibbon
2015). Pegasus Bay samples were provided as random sub-
samples of retained catches by NIWA (National Institute
of Water and Atmospheric Research) during the East Coast
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Fig. 1 Map of sampling locations of Meuschenia scaber across New
Zealand

South Island inshore trawl survey that took place between
April and June 2014 (Beentjes et al. 2015). All samples were
shipped to the University of Auckland Marine Laboratory
for processing—the commercial specimens on ice and sur-
vey specimens frozen. The above locations were chosen to
reflect the three main fishing areas in New Zealand (LEA 1,
LEA 2 and LEA 3).

All fish were measured for standard (SL) and total length
(TL) to the nearest mm, and total weight (WT) and gutted
weight (WG) were recorded to the nearest 10 g. Samples
were sexed considering both external features and macro-
scopic examination of gonad tissue following Visconti et al.
(2018a), and each gonad was weighed to the nearest 0.01 g.
Both sagittal otoliths were extracted from each fish, cleaned
in 70% ethanol and stored dry in 96-well plates. All otoliths
were weighed to the nearest mg and a thin transverse section
prepared following Visconti et al. 2018b.

Age, body size, and growth

Mean maximum age T, (as a proxy for life span) and mean
maximum body size L, (as a proxy for mean adult body
size) were calculated for each population as the average age
(in years) of the 15% oldest individuals, and as the average
body size (total length, in mm) of the 15% largest individu-
als found within each population of M. scaber (Beverton

1992). A bootstrapping technique was used to estimate vari-
ance around parameters 7, and L, at each location (Gotz
et al. 2008; Trip et al. 2008). Age and size data for each
population were randomly re-sampled with replication so
as to obtain 1000 estimates of T, and L .. Bias-adjusted
95% percentile confidence intervals (CIs) were calculated
from the sorted bootstrap estimates (Haddon 2001; Gotz
et al. 2008).

The von Bertalanffy growth function (VBGF) was fitted
for the sexes combined of M. scaber at each location follow-

ing the equation:
L =L[1 - e Xm0,

where L, is estimated mean size-at-age ¢, L, is mean asymp-
totic size, K is a curvature parameter and f, is the age at
which the fish have a theoretical size of zero. The VBGF was
fitted by constraining the curve to a length-at-settlement of
10 mm TL (Kingsford and Milicich 1987).

Differences in length-at-age among locations were pre-
sented using 95% confidence ellipses surrounding the tra-
ditional VBGF estimates of parameters L, and K (Kimura
1980).

The relationship between length and weight of M. sca-
ber females and males was described with the following
equation:

WT = aTL?

where WT is the total weight, a (y-intercept) and b (slope) is
the growth coefficient. The above formula was transformed
into its linear form as: logWT = loga + blogTL.

The 95% CI was calculated for both a and b parameters
and an analysis of covariance (ANCOVA) was used on
the transformed (linear) data to test for differences in the
length—weight relationship between the sexes.

Mortality estimates

Total mortality was estimated for M. scaber in each of the
three study regions. The total instantaneous mortality esti-
mate (Z) was derived from the generated age distributions
using the Chapman and Robson (1960) estimator and the
instantaneous natural mortality (M) from Hoeing (1983).
In particular, the age structures from survey populations
(i.e. Tasman Bay and Pegasus Bay) were derived from age-
length-keys based on length frequencies scaled by biomass
estimates for each spatial stratum.

Condition, gonado-somatic indices and sex ratio
The relative condition factor was calculated for M. scaber

as monthly mean based on Le Cren’s index (1951) and fol-
lowing Griffiths (2002):
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Table 1 Summary of life-history key parameters for Meuschenia sca-
ber across New Zealand

Hauraki Gulf =~ Tasman Bay Pegasus Bay

Max size (TL, 320 290 340

mm)
Min size (TL, 189 96 78

mm)
Max age females 12.8 19.0 14.6
Max age males 7.8 16.4 13.6
TMax (+se) 7.5 (x0.15) 11.28 (+0.07) 10.14 (x£0.07)
LMax (+se) 295.54 (+0.32) 258.06 (£0.19) 265.89 (+0.47)
L 265.1 240.5 243.8
K 1.23 1.58 1.05
to -0.03 -0.03 -0.04
z 0.42 0.34 0.62

TMax mean maximum age, LMax mean maximum body size, L,
mean asymptotic (TL, mm), K (year’l), is the coefficient of the cur-
vature of fish towards L,; #, (years), hypothetical age at which TL is
equal to zero; Z, mortality rate (year™')

Zn w;
i aTL?
Kn. = S

J
n

where w; is gutted weight (GW) of the ith individual in the
Jjth month; TL, is the total length (mm) of the ith individual;
a and b are the constants from the length—weight relation-
ship based on gutted weight (present study); n; is the number
of fish sampled in the jth month.

A gonadsomatic index (Rgw) was used to represent the
proportional investment in reproductive against somatic
tissue, and was calculated as Ry (%) =(WGO/WG) x 100
where WGO is the gonad weight and WG is gutted weight
(body weight with all of the viscera removed). Mean
monthly Rgy, of mature females and males was used to com-
pare the timing and duration of the spawning season over the
2-year period for the Hauraki Gulf and Tasman Bay samples.

Sex ratios were tested for significant deviations from
unity using a Chi-squared test with Yates’ correction factor
for all locations and depth variations.

Results
Age, body size, and growth

The maximum size recorded for the Hauraki Gulf was
320 mm TL with a minimum size of 189 mm TL (Fig. 2a),
while the largest fish recorded in Tasman Bay was 290 mm
TL with a minimum size of 96 mm TL (Fig. 2b). The maxi-
mum size recorded in Pegasus Bay was 340 mm TL with a
minimum size of 78 mm TL (Fig. 2c¢).

From the fish examined, the oldest female and male were
from Tasman Bay, even though larger fish were recorded in

Hauraki Gulf and Pegasus Bay (Fig. 2). The difference in
maximum ages between the sexes declined clinally from 7
years in the Hauraki Gulf to 3 years in Tasman Bay and 1
year in Pegasus Bay.

Mean maximum age (7,,,) was highest in Tasman Bay,
with Hauraki Gulf the lowest. Conversely, mean maximum
body size (L,,,,) was highest in Hauraki Gulf and lowest in
both Tasman Bay and Pegasus Bay (Table 1).

The best-fit von Bertalanffy growth parameters for the
three locations are presented in Table 1. Comparison of the
95% confidence ellipses revealed significant differences across
populations in VBGF parameters K and L . Pegasus Bay M.
scaber reached a significantly smaller asymptotic length than
the Hauraki Gulf and Tasman Bay populations, despite its
higher growth rates (Fig. 3, Table 1). The growth coefficient
K showed some marginal differences across the three loca-
tions, with values ranging from 1.05 in Pegasus Bay, 1.23 in
Hauraki Gulf and 1.58 in Tasman Bay (Fig. 4). Fish living in
the Hauraki Gulf had significantly larger mean asymptotic
size L., than in Tasman Bay or Pegasus Bay, which displayed
similar values of mean adult body sizes (Fig. 4).

The relationship between total length (TL) and total weight
(WT) was WT =0.000027*TL**%42 (+2=0.97, n=659)
for the Hauraki Gulf (Fig. 5a), WT =0.000032*TL>86788
(r*=0.90, n=1003) for Tasman Bay (Fig. 5b) and
WT=0.000008*TL>!7828 (,2=0.98, n=451) for Pegasus
Bay (Fig. 5c). The 95% confidence interval of b ranged
between 2.92 and 2.89 for Hauraki Gulf, 2.87 and 2.86 for
Tasman Bay, and between 3.14 and 3.09 for Pegasus Bay.
The analysis of covariance (ANCOVA) revealed significant
difference in the intercept and slope between sexes in all the
locations, and it is presented in Table 2.

Mortality estimates

Total mortality rates (Z) were 0.42 yealr_l (95% CL
0.39-0.45) for Hauraki Gulf, 0.34 year‘1 (95% CL
0.31-0.36) for Tasman Bay, and 0.62 year‘1 95% CL
0.58-0.67) for Pegasus Bay. Using the maximum age (f,,,,)
estimate for each location, Hoenig’s (1983) mortality (M)
estimate was 0.24 year~! for Hauraki Gulf, 0.22 year™! for
Tasman Bay and 0.30 year™! for Pegasus Bay (Fig. 6).

Condition, gonado-somatic indices and sex ratio

The mean monthly relative condition (Kn) calculated for
Tasman Bay ranged from 1.04 (October 2014) to 0.99
(March 2015) in females, and 1.04 (October 2014) and 0.97
(March 2015) in males (Fig. 7). Female condition was high-
est in October, declining until March, and showed two peaks
in April and May, immediately following the beginning of
the spawning season. The same pattern is observed in male
condition for Tasman Bay.
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Fig.3 Growth of Meuschenia scaber across New Zealand: a Hau-
raki Gulf, b Tasman Bay and ¢ Pegasus Bay. Observed individual
size-at-age estimates (open circles) are fitted with the von Bertalanffy
Growth Function (solid line); d ellipses represent the 95% confidence

The analyses of gonadosomatic index (Rgy) in sexually
mature females and males showed a consistent trend in both
Hauraki Gulf and Tasman Bay, with clear peaks between
August and December (spawning season) (Fig. 8). Mean
(xse) Row and Rpy, values for Tasman Bay were generally
higher than those of Hauraki Gulf, with females reaching
15.6% (£ 0.3) in December 2014 and males achieving 0.5%
(+0.03) in October 2015. The Rgy values obtained for
Pegasus Bay samples were in line with the other two loca-
tions in the same period of the year (April-June 2014).

Sex ratio analyses revealed some significant differences
across the three locations; Hauraki Gulf and Pegasus Bay
deviated significantly from the hypothetical distribution of
1:1 (see Table 3). However, Tasman Bay samples showed

@ Springer

0,8 1,0 1,2 1,4 1,6 1,8 2,0

intervals surrounding estimates of, respectively, L., and K for Hau-
raki Gulf (continuous line), Tasman Bay (dashed line) and Pegasus
Bay (dotted line)

a clear even ratio of 1.09:1 between females and males
(;(%ates; 1.780, df=1, p<0.05, n=991). Sex ratio also
varied with depth in all the locations, with males generally
showing higher abundances in 10-25 depth ranges (Table 4).
Females were significantly more abundant than males deeper
than 40 m in the Hauraki Gulf and Tasman Bay, but less
abundant beyond this depth in Pegasus Bay.

Discussion

This study examined the spatial variability in the life history
of the leatherjacket M. scaber at three different locations
in New Zealand waters. Leatherjacket populations showed
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Fig.4 Visual comparison of von Bertalanffy best fitting for Meusche-
nia scaber from Hauraki Gulf (dotted line), Tasman Bay (dashed line)
and Pegasus Bay (solid line)

several distinct trends in terms of age structure, growth
patterns, maximum size and age, sex ratio and mortality.
Overall, fish from warmer lower latitudes (Hauraki Gulf)
attained a greater mean maximum size in comparison with
their counterparts from cooler mid- and higher latitudes
(Tasman Bay and Pegasus Bay, respectively). Fish from Tas-
man Bay had the longest life spans with a maximum age of
19 years. The difference in maximum ages between the sexes
declined clinally from 7 years in the Hauraki Gulf to 3 years
in Tasman Bay and 1 year in Pegasus Bay. Growth trajecto-
ries varied substantially across locations over the latitudinal
gradient, with fish collected from Tasman Bay and Hauraki
Gulf displaying the fastest growth. Reproductive features of
Meuschenia scaber also varied geographically, suggesting
a shift in the spawning time.

Length-based metrics (i.e. maximum length, mean adult
body size) represent important demographic characteristics
that explain variation and consistency among populations
(Calder 1984; LaBarbera 1989). Meuschenia scaber size dis-
tributions from the three locations revealed that the domi-
nant size classes surveyed were between 200 and 280 mm
TL (although the Hauraki Gulf was slightly larger at 220 to
320 mm). Although Francis (1988) reported that M. scaber
can attain 430 mm TL in New Zealand waters, the maximum
size recorded in the present study (n=2112) was 320 mm
TL in the Hauraki Gulf and 340 mm TL in Pegasus Bay
(ECSI-NIWA). However, L., was higher in the Hauraki
Gulf, possibly reflecting faster growth and a lower fishing
pressure in this area.

Meuschenia scaber females also attained greater weight
at length compared to males at all three locations investi-
gated. Additionally, mean monthly female condition fol-
lowed a similar pattern in both the Hauraki Gulf and Tas-
man Bay, with the latter having the highest mean monthly
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Fig.5 Length-weight relationship for Meuschenia scaber females
(dotted line and dark-grey triangles) and males (dashed lines and
light-grey circles) for a Hauraki Gulf, b Tasman Bay and ¢ Pegasus
Bay

values. Both the length—weight relationship and condition
results helped to test the hypothesis raised in Visconti et al.
(2018a) that M. scaber females tend to invest more towards
a larger body size that accommodates larger gonads and thus
enhances batch fecundity, whereas males appear to allocate
more energy to territory defense and courtship displays over
the protracted spawning season.
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Table 2 Results of the analysis of covariance (ANCOVA) for the intercept (a) and slope (b) between sexes in all the location

a

b

F daf P

F df P

Hauraki Gulf

Tasman Bay

6635.130 1
67.004 1
3.794 1

<0.0001
<0.0001

Pegasus Bay <0.05

9999.231 1
99.560 1
8.526 1

<0.0001
<0.0001
<0.001
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Fig.6 Age frequency distributions for Meuschenia scaber from a
Hauraki Gulf, b Tasman Bay and ¢ Pegasus Bay. The slope of the
descending limb of the catch curve represent the estimate of total
mortality (Z)
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Although body size information can provide valu-
able insight into the biology of fish species, the present
study demonstrates that age-based analysis of M. scaber
revealed specific demographic characteristics and consid-
erable life-history variation among populations. The age
composition of M. scaber varied over the spatial scale of
the study along with the mean maximum age Tmax (life
span) ranging between 7.8 +0.15 years (Hauraki Gulf) and
11.28 +£0.07 years (Tasman Bay), and substantial differ-
ences in the initial growth patterns were found. Overall,
these results indicate that M. scaber has a reduced mean
maximum age at warmer lower latitudes (Hauraki Gulf-
36°S), maximum age at Tasman Bay € 41°S) and slower
growth at cooler higher latitudes (Pegasus Bay- 43°S). This
is suggestive of some aspects of the temperature-size rule
(TSR) developed by Atkinson (1994) and Arendt (2011),
which predicts that ectotherms growing up in warmer envi-
ronments (lower latitudes) have a shorter life span and faster
initial growth than individuals living in colder environments
(higher latitudes). In line with this theory, sea surface tem-
perature (SST) records show that yearly averaged temper-
atures are 2.9-5.0 °C higher in the Hauraki Gulf than in
Tasman Bay and Pegasus Bay, respectively. However, the
two southern M. scaber populations (i.e. Tasman Bay and
Pegasus Bay) attained smaller L, (i.e. opposite to the pre-
dictions of the TSR model), indicating that in this case the
TSR model could be outweighed by variation associated
with habitat and nutrition and not just temperature, as pre-
viously documented for many other species (Yamahira and
Conover 2002; Floeter et al. 2005; Robertson et al. 2005;
Behrens and Lafferty 2007, 2012; Trip et al. 2014). More
generally, our findings on age composition are consistent
with those reported for other monacanthids in Miller and
Stewart (2009) with the exception of the oldest fish recorded
here. The maximum age recorded for M. scaber in this study
was 19 years, which is much longer than the previous lifes-
pan estimates of 5 years (Poynter 1980), and represents the
greatest age reported for the family Monacanthidae to date.

Meuschenia scaber reproduction also seemed to be influ-
enced by a north—south temperature gradient. Spawning was
recorded between August and December each year in both
Hauraki Gulf and Tasman Bay. However, the maximum
peak of monthly relative ovary weight (Rqy) in Tasman
Bay was delayed by ca. 2 months compared to Hauraki Gulf
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Fig. 7 Relative condition factor (Kn) of females (left panel) and male (right panel) Meuschenia scaber from a, ¢ the Hauraki Gulf and b, d Tas-
man Bay recorded from July 2014 to July 2015. Dashed line shows 95% confidence interval (C.I.)

females. The difference in peak gonad weight between the
two locations could be associated with differences in mean
sea surface temperature (Hauraki Gulf mean annual SST
17.6 °C cf. Tasman Bay mean SST 14.7 °C), as temperature
has been shown to be the factor that triggers leatherjacket
reproduction (Visconti et al. 2018a). Ry values obtained
for Pegasus Bay between April and May were in line with
those found in the Hauraki Gulf and Tasman Bay during the
same season, suggesting that spawning happens in the same
seasonal window.

Importantly, the von Bertalanffy growth function fitted
for the three populations surveyed unequivocally confirmed
the pattern of rapid initial growth for M. scaber in New Zea-
land waters, along with a significant difference in the growth
trajectories across locations. Hauraki Gulf fishes attained
greater size-at-age than other southern populations and a
faster early growth rate than the Pegasus Bay population.
These findings might reflect ecological differences among
the locations sampled in this study. In particular, there is

some evidence that deeper continental shelf habitats, e.g.
sand and mud bottoms associated with the bottom trawl fish-
eries of Pegasus Bay area, do not provide the same avail-
ability and quality of food resources as those in the Hauraki
Gulf. Meuschenia scaber feeds selectively on various sponge
species, mainly Ecionemia alata and Polymastia fusca, and
ascidians like Synoicum kuranui (Ayling 1981; Russell
1983), a degree of feeding selectivity that is similar to that
seen in other monacanthid species (Randall and Hartman
1968; Wulff 1994). None of these major dietary sponge or
ascidian species occur in Pegasus Bay (Kelly 2015; Page and
Kelly 2016). This may force M. scaber to target less suit-
able prey species, possibly resulting in reduced growth and
higher mortality rates in comparison with the Hauraki Gulf
and Tasman Bay. Meuschenia scaber from Tasman Bay may
benefit from the presence of E. alata and other ascidians
(i.e. Clavelina sp.), and this may explain the similarity of
growth trajectory with that in the Hauraki Gulf. In addition,
M. scaber from Hauraki Gulf have been also documented
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Fig.8 Monthly progression of relative gonad weight of sexually
mature female (relative ovary weight, Ryw; a) and male (relative tes-
tis weight, Ryw; b) of Meuschenia scaber in the Hauraki Gulf (solid
line) and Tasman Bay (dashed line). Ry, and Ry were estimated as
a proportion of gutted bodyweight (%) and the mean values of Ry
and Ry, across individuals sampled each month are presented with
standard error (SEM) bars

Table3 Summary of sex-ratio recorded for Meuschenia scaber
across New Zealand

Location Females Males (%) Sex ratio P vaes P
(%) (F:M)
Hauraki 287 (44.1) 364 (55.9) 0.79:1 8.872  0.003
Gulf
Tasman Bay 517 (52.2) 474 (47.8) 1.09:1 1.780 0.182
Pegasus Bay 158 (35.1) 293 (64.9) 0.54:1 39.814  0.000
(May-
June 14)
All 962 (46) 1131 (54) 0.85:1 13.484 0.000

to feed on salps (Russell 1983; Kingsford and Milicich,
1987), which represent an important source of protein for
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many reef fishes (Janssen and Harbison 1981; Arkhipkin
and Laptikhovsky 2013) and are particularly abundant in
the Hauraki Gulf in early spring to early summer (Zeldis and
Willis 2015). This further supports our hypothesis that M.
scaber growth patterns might be influenced by the presence
or absence of particular habitat features that not only provide
protection but also food resources (e.g. sponges). However,
the lack of data on the diet of the Pegasus Bay population
prevents us from drawing firm conclusions on the role that
diet may play in the different growth trajectories observed.
Future studies should assess the diet of M. scaber at regional
scales to better evaluate possible dietary constraints with
increasing latitude.

Meuschenia scaber is an indeterminate serial spawn-
ing gonochorist that appears to be a paired spawner (Vis-
conti et al. 2018a), and as such an equal number of male
and females might be expected. However, sex ratio varied
among both locations and depth; in two out of three loca-
tions the sex ratio deviated significantly from the hypotheti-
cal distribution of 1:1 in favour of males, compromising the
overall ratio. Nonetheless, the hypothesis of an even ratio
could be supported by two main findings of this study. First,
the overall sex ratio recorded for the Tasman Bay was sig-
nificantly close to the unit (1.09:1). Second, the analysis of
sex ratio in relation to depth showed that in most cases the
proportion of females was higher at depths > 25 meters. A
possible advantage to the population with a skew towards
more males represents a potential strategy allowing females
to spawn more than once per day with different male part-
ners, consistent with the proposed strategy of many baskets
with few eggs proposed in Visconti et al. (2018a). Although
this finding highlights an important key demographic feature
of this species, our results partially also support the hypoth-
esis that M. scaber might undergo short vertical movements
that could be associated with either spawning dynamics or
feeding habits. Similar trends have been observed in many
gonochoristic lutjanids (Guerra Campos and Bashirullah
1975; Reshetnikov and Claro 1976; Grimes and Huntsman
1980; Grimes 1987; Everson et al. 1989) and in the ocean
leatherjacket Nelusetta ayraudi (Lindholm 1984; Miller and
Stewart 2009), although actual movement patterns have not
been observed. Alternatively, this pattern reflects a possibil-
ity that males are more susceptible to trawling. However,
further studies are needed to determine specific movement
patterns in M. scaber, and thus identify specific spawning
grounds and their associated substrate type across the lati-
tudinal range of the species.

In summary, the information presented herein revealed
substantial variations in life history traits across a latitudinal
range of 8° latitude and 5 °C SST gradients for one of the
most common monacanthid species in Australasian waters.
The results from this study highlight the importance of age-
based demographic studies for species distributed along a
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Table 4 Summary of the

. o Location
sex-ratio variation recorded by

Depth range (m)

depth, sampling method and
seafloor type for Meuschenia
scaber in three locations of New
Zealand

Hauraki Gulf 0-12

15-40
>40
10-25
40-49
>50
15-25
31-32
>50

Tasman Bay

Pegasus Bay

Sampling method Seafloor n Females:males
Spearfishing (Vis- Rocky reef 499 0.70:1
conti et al. 2018b)
Trawl Sand/mud 68 1.52:1
Trawl Sand/mud 30 2.33:1
Trawl Sand/mud 62 0.94:1
Trawl Sand/mud 848 1.06:1
Trawl Sand/mud 74 1.64:1
Trawl Sand/mud 254 0.48:1
Trawl Sand/mud 61 1.44:1
Trawl Sand/mud 131 0.41:1

temperature gradient, as they provide estimates of the degree
of plasticity in growth parameters, life span and reproductive
characteristics. However, such information remains limited
not only for many reef taxa but especially for the diverse
family Monacanthidae. While data on movement patterns
and site-specific diets are necessary to clarify the ecology
of M. scaber, the variation reported between populations
in the present study indicates that region-specific demo-
graphic data are required to monitor and optimally manage
the resource.
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