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*Highlights

Highlights:

We examined life history traits to provide preliminary data on connectivity of P. macrochir.
Samples from 18 locations across northern Australia were examined. Significant variation in
growth, mortality and length-at sex change was observed among locations. Variation suggests
likely presence of spatially discrete groups of at least post-recruitment fish.
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25  Abstract

26 Understanding the life history of exploited fish species is not only critical in
27  developing stock assessments and productivity models, but has a dual function in the
28  delineation of connectivity and geographical population structure. In this study, patterns in
29  growth, mortality, and length and age at sex change of Polydactylus macrochir, an
30 ecologically and economically important protandrous estuarine teleost, were examined to
31  provide preliminary information on the species’ connectivity and geographic structure
32 across northern Australia. Considerable variation in life history parameters was observed
33 among the 18 locations sampled. Both unconstrained and constrained (t,=0) estimates of
34 von Bertalanffy growth function parameters differed significantly among all neighboring
35 locations with the exception of two locations in Queensland’s east coast and two in
36  Queensland’s Gulf of Carpentaria waters, respectively. Comparisons of back-calculated
37 length-at-age 2 provided additional evidence for growth differences among some locations
38  but were not significantly different among locations in the south-eastern Gulf of
39  Carpentaria or on Queensland’s east coast. Total mortality rates varied among locations,
40  and were highest for estuaries within the Gulf of Carpentaria. The length and age at sex
41  change differed markedly among locations, with fish from the east coast of Australia
42  changing sex from males to females at significantly greater lengths and ages than
43  elsewhere. Sex change occurred earliest at locations within Queensland’s Gulf of
44  Carpentaria, where a large proportion of small, young females were recorded. The
45  observed differences suggest that P. macrochir likely form a number of geographically
46  and/or reproductively distinct groups in Australian waters and suggest that future studies
47  examining connectivity and geographic population structure of estuarine fishes will likely

48  benefit from the inclusion of comparisons of life history parameters.
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50 Keywords: Life history; Movement; Stock structure; Fisheries management; Polynemidae,
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52

53 1. Introduction

54 Understanding the degree of exchange between geographically isolated groups of a
55  species, or connectivity, is fundamental to the effective management of marine organisms
56  (Begg et al., 1999a; Thorrold et al., 2001). Connectivity, which may occur through the
57  movement of all life history stages (Gillanders, 2009), influences the distribution and
58 abundance of organisms, rates of local adaption and speciation, the dynamics and
59  persistence of populations, and the ability of ecosystems and species to recover from
60 disturbance (Cowen et al., 2000; Slatkin, 1987). As such an understanding of connectivity
61 s vital for determining the appropriate spatial scale at which a species should be managed
62  (Begg et al. 1999a; Fogarty and Botsford, 2007). For exploited species, the application of
63  management measures that fail to accurately define the degree of exchange or opportunity
64  for replenishment to local populations may lead to over-fishing, resulting in dramatic
65  changes in the biological attributes and productivity rates of a species, as well as changes
66  in genetic diversity (Dominguez-Petit et al., 2008; Ricker, 1981; Smith et al., 1991), and
67 localised depletion or extinction (Clark et al., 2000; Hilborn and Walters, 1992; Hutchings,
68  1996). Despite such critical importance, patterns of movement and connectivity are poorly
69  understood for many species, particularly in tropical systems (Gillanders, 2009; Jones,
70  2006; Secor and Rooker, 2005).

71 In addition to being critical components in the development of stock assessments and

72 productivity models, life history parameters, such as age and growth relationships,
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mortality rates, reproductive profiles, fecundity, distribution and abundance, have been
used to provide preliminary data on the connectivity and geographic structure of fish
populations (Abaunza et al., 2008; Begg et al., 1999b; Jennings and Beverton, 1991; Silva
et al., 2008). The principle of the technique is that where the life histories of fish are the
same, the fish either have grown in a similar environment or have a common history.
Where different, it suggests that fish have spent at least part of the lives growing under
different conditions and therefore may be geographically and/or reproductively isolated
(Begg, 2005; Caselle et al., 2011; Ihssen et al., 1981). Patterns of growth, reproductive
schedules and mortality rates also provide important data for biological monitoring, and
may provide an indication of a species or population’s vulnerability to over-exploitation
(Haddon, 2001; Ricker, 1975).

To date, the application of life history parameters as a tool to delineate fish geographic
population structure has largely focused on pelagic or groundfish species (Abaunza et al.,
2008; Begg et al., 1999b; Silva et al., 2008). Although a number of studies have explored
spatial patterns in life histories of estuarine fishes (Bedee et al., 2002; Gray et al., 2010;
Robins et al., 2006; Sarre and Potter, 2000), few studies have examined life history
parameters in the context of delineating connectivity and geographic population structure
in these environments. As a growing body of evidence suggests that the biology of
estuarine fish is strongly linked to the environment in which they reside (Halliday et al.,
2008; Robins et al., 2006; Staunton-Smith et al., 2004), spatially isolated groups of
estuarine fishes would be expected to exhibit significantly different life history parameters,
particularly where differences in environmental conditions between locations are

pronounced.
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The king threadfin, Polydactylus macrochir Glnther, 1867 is a large, protandrous
polynemid endemic to tropical and sub-tropical estuaries and turbid coastal waters across
northern Australia, southern Papua New Guinea and Irian Jaya (Motomura et al., 2000). In
Australia, the species’ distribution extends from the Ashburton River in Western Australia
across northern Australia to Brisbane in southeast Queensland (Motomura et al., 2000). P.
macrochir has a life span of at least 22 years and an estimated maximum attainable size of
approximately 40 kg and 170 cm fork length (Kailola et al., 1993; Moore et al., 2011), and
is an important component of estuarine ecosystems, with dietary studies showing the
species is a significant predator of crustaceans and small fishes (Brewer et al., 1995; Salini
et al., 1998). The species supports valuable commercial, recreational and indigenous
fisheries across northern Australia and form the second most important target species for
northern Australia’s inshore net fisheries after the barramundi, Lates calcarifer Bloch, with
a reported 883 tonnes harvested commercially across Australia in 2008. The species is also
targeted by recreational anglers throughout its distribution, and is highly regarded as both a
table and sport fish (Kailola et al., 1993). However, despite its ecological and economic
importance, little is currently known on the movements of the species. Knowledge of
movement and connectivity between P. macrochir populations is therefore considered
critical to ensuring sustainable management of the species.

In a preliminary study, Moore et al., (2011) observed significant variation in life
history of P. macrochir among three estuaries spanning approximately 700 km on the east
coast of Queensland. In this study, patterns in life history of P. macrochir are examined
across the species’ greater Australian distribution, as part of a multidisciplinary approach
to determining connectivity of P. macrochir in Australian waters. Specifically, spatial

patterns in age, growth, mortality rates and length and age at sex change are examined. It

This is the Submitted Version of a paper published in the journal Fisheries Research:

Moore, Bradley R., Simpfendorfer, Colin A., Newman, Stephen J., Stapley, Jason M., Allsop, Quentin, Sellin, Michelle J., and
Welch, David J. (2012) Spatial variation in life history reveals insight into connectivity and geographic population structure

of a tropical estuarine teleost: king threadfin, Polydactylus macrochir. Fisheries Research, 125-126 . pp. 214-224.
DOI: 10.1016/j.fishres.2012.02.028



Text Box
This is the Submitted Version of a paper published in the journal Fisheries Research: 
Moore, Bradley R., Simpfendorfer, Colin A., Newman, Stephen J., Stapley, Jason M., Allsop, Quentin, Sellin, Michelle J., and Welch, David J. (2012) Spatial variation in life history reveals insight into connectivity and geographic population structure of a tropical estuarine teleost: king threadfin, Polydactylus macrochir. Fisheries Research, 125-126 . pp. 214-224. 
DOI: 10.1016/j.fishres.2012.02.028


This is the Submitted Version of a paper published in the journal Fisheries Research:

Moore, Bradley R., Simpfendorfer, Colin A., Newman, Stephen J., Stapley, Jason M., Allsop, Quentin, Sellin, Michelle J., and
Welch, David J. (2012) Spatial variation in life history reveals insight into connectivity and geographic population structure
of a tropical estuarine teleost: king threadfin, Polydactylus macrochir. Fisheries Research, 125-126 . pp. 214-224.

DOI: 10.1016/j.fishres.2012.02.028

120  was hypothesised that as an estuarine species with a typically fragmented distribution, P.
121 macrochir would show limited movement and exchange among locations that would
122  manifest as differences in life history parameters.

123

124 2. Material and methods

125 2.1 Sample collection

126 P. macrochir were collected from 18 locations (estuarine stretches of rivers and
127  coastal sites) across northern Australia between July 2007 and March 2010 (Fig. 1).
128  Samples from the Fitzroy, Mary and Brisbane Rivers, analysed by Moore et al. (2011),
129  were included in the present study to allow for comparison of these locations against those
130  across northern Australia. At each location (with the exception of the Brisbane River and
131  Lucinda), whole fish or fish frames (whole skeleton remaining after filleting) were
132  obtained directly from commercial fishers, fish processors or by fisheries-independent
133 sampling that generally used the same gear used by commercial fishers (i.e. a combination
134 of gillnets of 100 mm (4 in.) to 165 mm (6.5 in.) stretched mesh). Brisbane River samples
135  were collected through a fishery-independent sampling program using gillnets of 150 mm
136 (6 in.) to 165 mm (6.5 in.) stretched mesh (n = 34), by opportunistic collections from
137  recreational fishers (n = 42), and by research line-fishing (n = 9), whereas Lucinda samples
138  were obtained from recreational fishers. For each fish collected, total length (TL), length to
139  caudal fork (FL) and upper jaw length (UJL) were measured to the nearest millimetre
140  unless damaged. Sex and maturity stage was determined from a macroscopic examination
141  of the gonads, based on the criteria of Pember et al. (2005) and Moore et al. (2011). As
142 some samples were eviscerated at sea it was not possible to determine sex and maturity

143  stage for all specimens. Sagittal otoliths (hereafter referred to as otoliths) were removed for
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144  all specimens, cleaned, dried and stored in paper envelopes until processing in the
145  laboratory. Although fishery regulations for this species is based on TL, we have generally
146  analysed and presented FL data, as the fishery-sourced samples frequently had damage to
147  the distal margins of the tail, precluding accurate TL measurements for some specimens.
148  Total lengths were estimated using the equation of Moore et al. (2011), where TL =
149 1.1737FL +22.083 (r* = 0.99, n = 635).

150

151 2.2 Age determination

152 Ages of P. macrochir were estimated from whole and sectioned otoliths, following the
153  procedure outlined in Moore et al. (2011). Briefly, otoliths in which six or fewer annuli
154  were counted in an initial whole read were read whole again, whereas otoliths in which
155  more than six annuli were counted in the initial read were sectioned. Once the method of
156  reading was established, each otolith was read twice. When annuli counts between the two
157  reads did not agree, a third reading was taken, and the two concurrent readings being
158  accepted as the number of annuli. When all three counts differed, the otolith was rejected
159  from further analysis. All otoliths were interpreted by a single reader (BRM) to ensure
160  consistency.

161 The age of each fish was estimated from the number of annuli, the assumed birth date,
162  the estimated date of annuli deposition, and the date of capture. Birth dates were estimated
163  from the middle of the peak spawning period for each major water body. A birth date of 1
164  November was assumed for P. macrochir collected from the northwest coast of Western
165  Australia (Pember et al., 2005) and Queensland’s east coast (Moore et al., 2011), whereas a
166  birth date of the 1 September was assumed for fish collected from the Gulf of Carpentaria

167  (McPherson, 1997). Although little is known about the timing of spawning of P. macrochir
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168 along the northern coast of the Northern Territory, a birth date of 1 November was
169  assumed in these waters, consistent with observations of peak spawning reported by fishers
170  (lan Halliday, pers. comm.). A common date of annuli completion of 31 October was
171 assumed for fish from all locations, years and age classes, consistent with Moore et al.
172 (2011) and Pember et al. (2005). There was no evidence to suggest that Gulf of Carpentaria
173 populations laid down a visible opaque zone in their first October of life (i.e. when they
174 were 1 month old). The ageing algorithm took the form:

175 age,, = [(n —1) % 12) + my, +m,

176
177  where agen, is the age in months, n is the number of annuli, my is the number of months for

178  the assigned birth date to the date of annuli completion, and m; is the number of months
179  from the date of annuli completion to the date of capture. Ages were then converted to a
180 vyearly fraction by dividing the age in months by 12. Adjusted age estimates were rounded
181 to the nearest year for estimation of age frequency distributions and age at sex change.
182  Year classes were assigned on the basis of the peak spawning period (i.e. fish from the
183  Fitzroy River spawned between October 2005 and January 2006 are from the 2005 year
184  class).

185

186 2.3 Data analysis

187  2.3.1 Growth comparisons

188 Growth was compared among locations using two methods. In the first method, the
189  von Bertalanffy growth function (VBGF) was fitted by nonlinear least-squares regression
190 of FL on yearly fractional age of P. macrochir. The form of the VBGF used to model

191  length-at-age data was:
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L,=L,[1— e K )]

where L is the length mean of fish at age t, L., is the hypothetical asymptotic length, K is
the growth coefficient, and to is the hypothetical age at which fish would have zero growth.
To examine the effect of the low numbers of fish <2 years in the samples a second set of
analyses was conducted on data with the t, constrained to zero. Unconstrained and
constrained VBGFs were compared among locations using likelihood ratio tests. A
common range of ages was used in the analyses to ensure validity of the comparisons
(Haddon, 2001).

Due to the lack of older individuals in some of the samples, biologically meaningful
comparisons of VBGF parameters could not be conducted for all locations. As such, a
second analysis of growth, based on comparisons of back-calculated FL at age 2, was
conducted. To establish the relationship between FL and otolith radius at the time of
capture (OR), the distance from the nucleus of the otolith to its periphery was measured in
1,430 randomly selected individuals covering a range of ages and locations using the
Image ProPlus image analysis system. Measurements were always taken at the furthest
point of the structure (Fig. 2). The relationship between OR at time of capture and FL was
then determined by ordinary least-squares regression. Between-location differences in the
FL-OR relationship could not be examined at all locations due to the unreliability of the
small sample sizes at some locations. However, ANCOVA revealed no significant
difference in the relationship among 11 locations covering the geographical distribution of
the sampling program, that all had relatively large sample sizes (F101032 = 1.68, P = 0.08).
Combined with the propinquity of the data points from the overall regression (Fig. 3) this

suggests that any between-location differences in the fork length to otolith radius were
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216  negligible. Thus, data were pooled across locations to establish the relationship between
217  fork length and otolith radius.

218 To establish the back-calculated length-at-age 2, a second measurement from the
219  otolith nucleus to the furthest point of the second annulus was taken for each fish from the
220 2005 year class (Fig. 2). The 2005 year class was selected to reduce the effect of temporal
221  variation in growth, as it was common to most locations. Back-calculated length-at-age 2
222  was then determined by substituting this measurement into a body proportional equation
223  (Francis, 1990). The length of an individual fish when the second band was laid down
224  (FL,) was calculated as:

225 FL, = (R,/OR)"FL

226 where R is the distance from the otolith nucleus to the furthest point of the second annuli,
227  FL is the fork length at capture and v is the constant derived from the power function that
228  best described the relationship between FL and OR. The power function took the form FL
229  =23.271 x OR™® R? = 0.864, P < 0.0001 (Fig. 3). Shapiro-Wilk tests revealed that the
230  derived length-at-age 2 data were non-normally distributed (P < 0.05), so to satisfy
231  assumptions of normality and homogeneity of variances the data were log-transformed
232  prior to analysis. One-way analysis of variance (ANOVA) was used to test for differences
233  in back-calculated lengths-at-age 2 among locations using location as a fixed factor.
234  Significant results were examined using Tukey-Kramer post-hoc pairwise comparisons.
235  Only locations that had at least 10 individuals were considered in the analysis, which is
236  similar to the samples sizes used by Abaunza et al. (2008) and Erzini (1994) in their
237  respective studies of variability of length-at-age of marine fishes.

238

239  2.3.2 Mortality
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240 Total instantaneous mortality rates (Z) were estimated by age-based catch curves
241  (Ricker 1975), where the frequency of fish in each age class was log-transformed (In x+1)
242  and regressed against the corresponding age. Total mortality was estimated as the absolute
243  value of the regression slope, b. Regressions were fitted from the modal age class,
244  presumed to be the first age class fully selected by the sampling gear, through to the oldest
245  age class that was preceded by no more than two zero frequencies. Estimates of Z were
246  compared among locations by analysis of covariance (ANCOVA), with age as the
247  covariate. Due to low sample sizes and a general lack of older individuals for some
248 locations, mortality rates were calculated only for those locations where comparisons of
249  VBGF parameters were conducted.

250

251  2.3.3 Length and Age at Sex Change

252 The length and age at which 50% of P. macrochir changed sex at each of the locations
253  was determined by logistic regression analysis, using the equation:

254 Ps=1/[1+ exp[— In(19) (s — 555 )/ (555 — SED])]

255

256  where Ps = the proportion of females in each 50 mm length or age class s, s50 and s95 are
257  the ages or lengths at which 50% and 95% of the population have changed to females,
258  respectively. Due to low numbers, transitional individuals were excluded from the analysis.
259  The data (male or female) for individual fish were randomly re-sampled and analysed to
260  create 500 sets of bootstrap estimates for the parameters of the logistic equation and
261  estimates of the probability of maturity within the recorded lengths and ages. Approximate
262  95% confidence limits of the parameters were calculated as the 2.5 and 97.5 percentiles of

263  the parameter estimates obtained from the re-sampling technique. The point estimates for

11
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each parameter and of the probability of fish being female at each specified length or age
were taken as the medians of the bootstrap estimates. Following Moore et al. (2011), non-
overlapping confidence intervals were used to indicate significant differences in sex

change profiles among locations.

3. Results
3.1 Growth comparisons

Considerable differences were observed in the maximum age of P. macrochir between
locations. Fish aged eight years or older were recorded at only 10 of the 18 locations
sampled (Table 1). The oldest fish (21.9 years) was recorded from the Fitzroy River,
whereas the maximum age of fish from locations in Western Australia and the
Queensland’s Gulf of Carpentaria was 11.5 and 8.5 years, respectively.

Due to the lack of older individuals at some locations, estimation and comparison of
the VBGF parameters were considered appropriate for only the 10 locations that contained
fish that were eight years of age or older. In general, the constrained fit of the VBGF
typically resulted in slightly lower estimates of L., and slightly higher estimates of K than
the unconstrained fit (with the exception of samples from Derby, the Flinders River, Spring
Creek and the Mary River) (Table 2). Differences between the constrained and
unconstrained fits, however, were generally minimal (Fig. 4), suggesting that a sufficiently
wide range of length and age classes were sampled to establish biologically reasonable
estimates of growth without the need to constrain to.

Both constrained and unconstrained VBGF parameters estimates showed considerable
difference among locations. Likelihood ratio tests of unconstrained VBGFs of fish across

common age classes indicated that growth differed amongst all locations at P = 0.05, with

12
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288  the exception of Derby and the Mary River (y*= 6.576, P = 0.087), the Flinders River and
289  Spring Creek (x*=5.211, P = 0.157) and the Mary and Brisbane Rivers (y*= 6.191, P =
290  0.103). Likelihood ratio tests of constrained VBGFs confirmed the similarity observed in
291  the comparisons of the unconstrained growth estimates of fish from the Flinders River and
292  Spring Creek (x* = 6.679, P = 0.083) and the Mary and Brisbane Rivers (y*>= 0.759, P =
293  0.684). All other comparisons, with the exception of Eighty Mile Beach and Spring Creek
294  (yx?=1.366, P = 0.505), Roebuck Bay and Chambers Bay (%= 5.289, P = 0.071), and the
295  Roper River and Fitzroy River (3 = 5.227, P = 0.073) were significantly different at P =
296  0.05.

297 One-way ANOVA revealed that the back-calculated lengths-at-age 2 differed
298  significantly among sites (Fi6380 = 18.6, P < 0.01). Tukey-Kramer pair-wise comparisons
299 gave an indication of the similarity among the spatially distinct samples (Table 3). Samples
300 from Eighty Mile Beach and Roebuck Bay differed significantly, with Roebuck Bay
301  samples generally being larger than those from Eighty Mile Beach (Fig. 5). Samples from
302  Derby differed to those of neighbouring Roebuck Bay and Chambers Bay. No difference
303 was observed among Chambers Bay, Roper River, Kendall River or Wenlock River
304  samples. Samples from Arthurs Creek, the Albert and Flinders Rivers, Morning Inlet, and
305 Spring Creek in Queensland’s south-eastern Gulf of Carpentaria waters were not
306 significantly different, suggesting that these fish had either grown in a similar environment
307  or moved between locations. Samples from these locations were generally smaller than
308 those from all other Gulf of Carpentaria locations (Fig. 5). No significant difference was
309 observed among the five locations on the east coast of Queensland (Lucinda, Townsville,
310 and the Fitzroy, Mary and Brisbane Rivers).

311

13
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312 3.2 Total mortality

313 Total mortality (Z) estimates differed significantly among the ten locations where
314  comparisons were possible (ANCOVA, Fgg; = 3.97, P <0.001) (Table 2). Locations in the
315  Gulf of Carpentaria (Flinders River, Spring Creek and the Roper River) had the highest
316  estimates of Z, whereas Z was lowest for the Fitzroy River, Chambers Bay and Eighty Mile
317  Beach.

318

319 3.3 Length and age at sex change

320 In general, there was a large overlap in the length distributions of males and females
321  (Fig. 6). Males typically dominated the smaller length classes and females dominated the
322  larger length classes for samples from Eighty Mile Beach, Roebuck Bay, Derby, Chambers
323  Bay, and the Roper, Fitzroy, Mary and Brisbane Rivers. In contrast, there were a large
324 proportion of small, young females from the seven locations in the south-east Gulf of
325  Carpentaria (Arthurs Creek, Albert River, Morning Inlet, Flinders River, Spring Creek, and
326  the Kendall River) (Fig. 6). A general lack of increase in the proportion of females with
327  both length and age was observed at these locations, precluding any estimates of the length
328 and age at which 50% of the population changed sex, even when data for these locations
329  were pooled. The general absence of young females at sites outside of the Gulf of
330 Carpentaria (Fig. 6) suggests little movement, at least of female fish, to these locations
331  from those within the Gulf.

332 Due to low numbers of females at some locations and the lack of increase in
333  proportion of females with length or age for locations in the south-east Gulf of Carpentaria,
334  estimates of the length and age at which 50% of the population changed sex were possible

335 for only seven of the 18 locations sampled (Fig. 6; Table 4). Considerable variation was
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336  observed in both the length and age at sex change among the seven locations (Table 4).
337  The estimated length at which 50% of the population was female (i.e. Lso) was lowest for
338 Eighty Mile Beach (450 mm FL) and highest for the Fitzroy River (1140 mm FL) (Table
339  4). The Lso of fish from Eighty Mile Beach, Chambers Bay and the Fitzroy River each
340 appeared significantly different to all other locations. No significant differences in the Lz
341  estimates were observed among Roebuck Bay and Derby, or the Mary and Brisbane Rivers
342 (Table 4). The estimated age at which 50% of the population was female (i.e. Asy) was
343  lowest for Eighty Mile Beach (2.0 years) and highest for the Fitzroy River (9.7 years)
344  (Table 4). The Asgp of fish from Eighty Mile Beach was significantly lower than all other
345 locations. Overlapping confidence intervals indicated no significant differences in the Asg
346  estimates among Roebuck Bay and Derby, the Fitzroy, Mary and Brisbane Rivers, and
347  Chambers Bay and the Mary and Brisbane Rivers (Table 4). All other comparisons were
348  significantly different, as indicated by non-overlapping 95% confidence intervals.

349

350 4. Discussion

351 The use of life history parameters to provide information on the connectivity and
352  geographic population structure of fishes relies on differences in one or more biological
353  parameter between locations (Begg et al., 1999b). In the present study, significant variation
354  was observed in growth patterns, rates of total mortality and length- and/or age-at-sex
355 change profiles of post-recruitment assemblages of P. macrochir, at a range of spatial
356  scales in Australian waters. Differences in life history parameters over similar spatial
357  scales as those observed here have been reported for several estuarine species, including

358  black bream, Acanthopagrus butcheri (Sarre and Potter, 2000), spotted sea trout,
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359  Cynoscion nebulosus (Bedee et al., 2002) and luderick, Girella tricuspidata (Gray et al.,
360 2010).

361 A key limitation of using life history data to comment on connectivity of fishes is that
362 the technique seldom provides information the genetic relationships amongst groups.
363  Although potentially mediated by both genetic and environmental factors, life history
364  parameters are frequently predominantly characterised by the environment or exploitation
365 rates a fish experiences over its life history, because of their sensitivity to extrinsic
366 variables (Beacham 1982, Begg, 2005). Accordingly, the approach provides little
367 information on dispersal and connectivity of egg and larval life history stages. In the case
368  of P. macrochir, it may be that recruits originate from a single common source, or number
369 of common sources, that export individuals to locations with different environmental
370  conditions or exploitation rates which ultimately generate the different life history patterns
371  observed. While this possibility cannot be ruled out from the life history data, the observed
372  spatial differences in life history parameters suggests limited movement and connectivity
373 of at least post-recruitment fish, which in itself has important implications for
374 management. If there was broadscale mixing of post-recruitment fish among locations, the
375 life histories amongst locations would be similar (Begg et al., 1999b; lhssen et al., 1981).
376 The spatial structure of post-recruitment P. macrochir evident from the life history
377 data is generally consistent with concurrent research into the movements and stock
378  structure of the species, suggesting comparisons of life history data may provide a reliable
379  method of identifying spatially-discrete adult assemblages of P. macrochir. For example,
380  the similarities observed in growth and length and age at sex change for P. macrochir in
381  the south-eastern Gulf of Carpentaria, is in accordance with recent investigations of

382  mitochondrial DNA haplotypes (Horne et al., in review) and whole otolith oxygen (5'20)
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383 and carbon (8*3C) stable isotope ratios (Newman et al., 2010), which suggests the
384  occurrence of a single demographic population in this region, with extensive mixing of
385  post-recruitment stages of P. macrochir. Nevertheless, some discrepancies are evident
386  between these complementary techniques. Newman et al. (2010) found no difference in
387  otolith stable isotope ratios of fish from Eighty Mile Beach and Roebuck Bay, whereas
388 significant variation was observed in VBGF parameters, back-calculated lengths-at age 2
389 and length and age at sex change among these locations in the present study, suggesting
390 fish from these locations may form spatially discrete groups, or stocks. These apparently
391 conflicting results among methodologies highlight the importance and value in using
392  multiple techniques to determine the movement and connectivity of fishes. Begg et al.
393  (1999b) consider that life history parameters should be used as a preliminary technique to
394  identifying stock structure of fishes, before applying more refined methods, such as
395 analyses of parasite assemblages or otolith elemental signatures. Such an approach may
396  further corroborate and refine the spatial patterns observed here.

397 It is unclear what effect temporal differences in life history parameters had on the
398  spatial comparisons. Numerous studies have documented temporal variation in life history
399 parameters that have occurred in response to changing environmental conditions and/or
400 exploitation patterns (e.g. Begg et al., 1999b; DeVries and Grimes, 1997). In the present
401  study, it was necessary to pool location-specific collections within or among years due to
402  small sample sizes, which may have potentially confounded spatial patterns between
403 locations. However, comparisons of growth of Fitzroy River fish caught between 2007 and
404 2009 revealed that while growth varied from year to year, these differences were of a much
405  reduced magnitude compared with those observed between the Fitzroy River and other

406 locations (B. Moore, unpublished data).
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407 As locations were generally sampled with similar gear (i.e. a combination of gillnets
408 of 100 mm (4 in.) to 165 mm (6.5 in.) stretched mesh at each location), it is unlikely that
409 the differences in life history parameters reflect differences in sampling methods among
410  locations. Although samples from Lucinda and some Brisbane River fish were collected
411  from recreational fishers, it is unlikely that these differences in sampling gear confounded
412  comparisons with net-caught fish, as Moore et al. (2011) found no significant differences
413 in length-at-age between gillnet- and recreationally-caught samples from the Brisbane
414  River, suggesting negligible effects of any size-selectivity between netting and recreational
415  fishing methods in this case. Furthermore, although the sample sizes varied markedly
416 among locations, it is unlikely that these differences affected the comparisons of VBGF
417  parameters, because these analyses were conducted on common age classes across the
418 locations. Similarly, the unequal sample sizes are factored into the comparisons of back-
419 calculated length-at-age and the development of the 95% confidence intervals for the
420 comparisons of length and age at sex change, and thus are unlikely to confound these
421  comparisons.

422

423 4.1 Causal mechanisms for the spatial patterns in life histories

424 A number of factors may be responsible for the differences observed in life history
425  parameters of P. macrochir. In general, there was a positive association between longevity,
426  growth and length- and age-at-sex change, suggesting that these parameters are strongly
427  correlated. For example, fish from the Fitzroy River were generally found to live longer,
428 obtain larger observed and hypothetical asymptotic lengths, and change sex at greater
429 lengths and ages than elsewhere. The positive association of longevity, growth and sex

430 change implies that size plays an important role in the timing of sex change in P.
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431  macrochir, a result that is consistent with the size advantage hypothesis of sex-allocation
432  theory (Ghiselin, 1969; Warner, 1988).

433 It is unclear whether the spatial patterns reflect genetic differences between locations.
434  Recent genetic examination of nine of the 18 locations examined in the present study
435 (Eighty Mile Beach, Roebuck Bay, Chambers Bay, Albert River, Flinders River, Kendall
436  River, Townsville, Fitzroy River and the Brisbane River), suggest that, with the exception
437  of Eighty Mile Beach and Roebuck Bay, and the Albert, Kendall and Flinders Rivers, fish
438 at each site constitute a genetically-discrete population (Horne et al., in review). Further
439 fine-scale genetic examination, conducted across all locations examined here, is warranted
440 to determine whether the spatial differences in life history parameters reflect genetic
441  patterns.

442 Geographical differences in fishing pressure are also likely to play a significant role in
443  the observed spatial patterns in life histories. Worldwide, fishing pressure has been
444 demonstrated to cause significant biological change in fish populations, and has been
445  implicated as the most likely cause of biological change in a variety of exploited species
446  (e.g. Hidalgo et al., 2009; Millner and Whiting, 1996). Size-selective fishing gear such as
447  gillnets may favor the survival of smaller individuals, leading to overall decreases in
448  length-at-age (Ricker, 1981), or conversely may result in a reduction in population density,
449  resulting in lower levels of competition and increased availability of food, leading to faster
450 growth and an increase in length-at-age (Hidalgo et al., 2009; Millner and Whiting, 1996).
451  In hermaphroditic species, the removal of larger, older individuals (typically those of the
452  secondary sex) of a population through size-selective harvest practices has been
453  documented to result in decreases in the length and age at sex change (Hawkins and

454 Roberts, 2003; Platten et al., 2002). Such changes may have subsequent effects on growth
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455  rates, with individuals allocating energy to reproduction rather than to growth (de Roos et
456  al., 2006).

457 Although it is difficult to elucidate the effect of fishing pressure from genetic and
458  environmental factors, there is indirect evidence to suggest that fishing is an important
459  causal mechanism of the observed spatial patterns in life histories. Populations on
460  Queensland’s east coast, and along the north coast of the Northern Territory, where fishing
461  pressure has historically been light and total mortality was generally lowest, were found to
462 live longer and change sex at greater lengths and ages than elsewhere. Conversely,
463  populations in the south-eastern Gulf of Carpentaria, where fishing pressure has
464  historically been the highest and total mortality was greatest, exhibited the smallest back-
465 calculated lengths, youngest maximum ages and changed sex much earlier than at other
466  locations. The lack of old fish, and the large proportion of small, young females observed
467  at locations in Queensland’s Gulf of Carpentaria waters relative to elsewhere across
468  northern Australia, suggests P. macrochir may be over-fished in this region, and warrants
469  further investigation.

470 Local environmental conditions, in particular freshwater flow, may also play an
471  important role in the observed patterns in life history parameters (Davidson et al., 2010;
472  Robins et al., 2006). Increases in freshwater flow has been suggested to affect growth of
473  estuarine fishes via increased prey availability due to increases in nutrient availability and
474  primary productivity (Robins et al., 2006; Whitfield, 2005), or by increased foraging
475  opportunity under the protection of higher turbidities (Hecht and van der Lingen, 1992).
476  Increases in freshwater flow have been documented to result in increased growth and
477  trigger downstream movement of banana prawns Penaeus merguiensis (Vance et al., 1998;

478  Vance et al., 1985), one of the dominant prey items for P. macrochir (Salini et al., 1998),
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479  which may make them more susceptible to predation. As such the spatial differences in life
480 history parameters between locations may in part reflect differences in freshwater flow,
481  however a general lack of flow data for most of the locations examined here precludes
482  examination of the influence of freshwater flow on the observed spatial patterns in P.
483  macrochir life histories.

484 In addition, factors such as temperature (Durieux et al., 2009; Tolan and Fisher, 2009),
485  duration of spawning season (Choat et al., 2003; Robertson et al., 2005), parasite loadings
486  (Adlard and Lester, 1994), or spatial differences in predator abundances or predation rates
487  (Hixon, 1991; Hixon and Webster, 2002; Jones and McCormick, 2002) can also influence
488 the life histories of fishes, and may have an influence here. It is likely that a combination
489  of several of the above factors is responsible for the observed spatial patterns in life history
490  parameters.

491

492 4.2 Implications and future directions

493  The life history parameters examined in this study have shown distinct spatial signatures,
494 suggesting the probable existence of a number of spatially distinct groups of at least post-
495  recruitment P. macrochir assemblages across northern Australia. This is in contrast to the
496  current management arrangements for the species, whereby post-recruitment P. macrochir
497  are managed as single, intermixing populations in the waters of Western Australia, the
498  Northern Territory, Queensland’s Gulf of Carpentaria and Queensland’s east coast. While
499  further techniques are required to accurately define the connectivity and structure of P.
500 macrochir populations, the limited connectivity evident from the spatial differences in life
501 history of post-recruitment P. macrochir suggests that management practices within each

502 jurisdiction, such as the development of monitoring and assessment programs, harvest
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503 strategies and establishment of suitable fishery regulations, need to be reviewed to
504  recognise the potential for localised depletion of adult P. macrochir assemblages.
505 Furthermore, the observed variation in life history parameters within jurisdictional
506  boundaries suggests that the spatially segregated populations of P. macrochir will likely
507  respond differently to fishing pressure if managed as a single entity. Failure to take account
508 of such differences in stock assessments and subsequent management arrangements may
509 lead to less productive populations being over-fished, whereas potential yields may not be
510 realised for more productive components (Moore et al. 2011; Williams et al., 2006). The
511  spatial differences in life history of P. macrochir should ideally be incorporated into
512  fisheries assessment models for this species, to obtain reliable model outputs and to
513  optimise management

514 Moore et al. (2011) suggest that the current minimum legal length of 60 cm TL in
515 effect in Queensland waters is insufficient if its objective is to allow 50% of males the
516  opportunity to spawn at least once before capture, however these authors cautioned that the
517  success of increasing the minimum legal length is contingent on either a high survival rate
518  of released fish, or fish not being selected for by the fishing gear. The fisheries-dependent
519  collections examined by Moore et al. (2011), however, were largely sourced from fish
520  processors, providing little information on the proportion of undersized fish captured by
521  the commercial fleet. However, samples from the Gulf of Carpentaria examined in the
522  present study were generally collected prior to an increase of the minimum legal size from
523 40 cm TL in these waters, or were collected by commercial fishers working under a
524 Queensland fisheries collection permit. Thus, although the gear used reflects that used by
525 the commercial fleet, these fishers were able to retain any fish smaller than the current

526  minimum legal size that they collected, providing an indication of the proportion of the
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527  catch constituted by undersized fish that would normally be discarded. Of the 502 fish
528  collected from Queensland’s Gulf of Carpentaria, approximately 20% (115 individuals)
529  were smaller than the current minimum legal size, indicating that undersized fish comprise
530 a significant proportion of the catch in this region. Given that survival rates of net-caught
531 P. macrochir are generally poor (B. Moore, pers. obs.), the majority of undersized fish
532  would be returned to the water in a moribund state. As such, further increases in the
533 minimum legal length, in isolation of other management measures, is likely to be
534  ineffective in reducing fishing pressure on immature P. macrochir. An increase in the
535 minimum net mesh size may be a viable alternative tool to reduce the fishing pressure on
536  undersized individuals, and warrants further research.

537 The relative longevity and protandrous life history of P. macrochir makes the species
538 particularly susceptible to overfishing. As fishing pressure is typically biased toward the
539 larger, older individuals of a population, it is the females of protandrous species that are
540 subjected to the greatest fishing mortality, which may lead to egg limitation and
541  recruitment overfishing (Blaber et al., 1999; Milton et al., 1998). To help mitigate these
542  effects on sex-changing species, fisheries managers commonly implement output controls
543  such as maximum legal lengths or slot limits. There is currently no maximum legal length
544  restriction for P. macrochir in any Australian waters. Introduction of a maximum legal
545 length may offer some protection for the larger females. However, the effectiveness of a
546  maximum legal length is contingent on fish surviving long enough to reach the proposed
547  length, and on a high survival rate of released fish should fish over the maximum legal
548 length be caught. Further research into the survivorship of net-caught fish is warranted to
549  fully understand the effectiveness of size limits as a management tool for P. macrochir. A

550  reduction in the maximum net mesh diameter may be a viable alternative in reducing the
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551  fishing pressure on female P. macrochir, by limiting the incidence of capture of these
552  individuals.

553 This study has demonstrated the effectiveness of using life history parameters as a tool
554  for assessing movement and connectivity of a large, tropical estuarine teleost, and suggests
555 that future studies examining connectivity and geographical structure of estuarine fishes
556  will likely benefit from the inclusion of comparisons of life history parameters. Holistic
557  approaches that integrate multiple techniques have been advocated as the preferred
558 approach to delineating patterns of movement, connectivity and stock structure of fishes
559 (Begg and Waldman, 1999). Additional techniques, such as comparisons of parasite
560 assemblages or otolith elemental signatures, used in synergy with the life history
561 parameters analysed here, will likely shed additional light on the movements of P.
562  macrochir, including connectivity of larval stages to post-recruitment assemblages, to
563  provide a comprehensive understanding of patterns of movement and connectivity and the
564  appropriate spatial scales for management, monitoring and assessment.

565

566  Acknowledgements

567  We are greatly indebted to the commercial and recreational fishers and fish processors who
568  kindly supplied samples and allowed research staff on-board their vessels. Gabby
569  Mitsopoulos, Matt Pember, Ben Rome and Craig Skepper (Department of Fisheries,
570  Western Australia) and Aaron Ballagh (JCU) assisted with collection and processing of the
571  Western Australia and some of the Queensland samples, respectively. Malcolm Haddon
572  (CSIRO) provided expert advice on the likelihood ratio test. B.R. Moore was supported in
573  part by an Australian Postgraduate Award. Funding for this project was provided in part by

574  the Fisheries Research and Development Corporation (Project no. 2007/032).

24



Text Box
This is the Submitted Version of a paper published in the journal Fisheries Research: 
Moore, Bradley R., Simpfendorfer, Colin A., Newman, Stephen J., Stapley, Jason M., Allsop, Quentin, Sellin, Michelle J., and Welch, David J. (2012) Spatial variation in life history reveals insight into connectivity and geographic population structure of a tropical estuarine teleost: king threadfin, Polydactylus macrochir. Fisheries Research, 125-126 . pp. 214-224. 
DOI: 10.1016/j.fishres.2012.02.028


This is the Submitted Version of a paper published in the journal Fisheries Research:

Moore, Bradley R., Simpfendorfer, Colin A., Newman, Stephen J., Stapley, Jason M., Allsop, Quentin, Sellin, Michelle J., and
Welch, David J. (2012) Spatial variation in life history reveals insight into connectivity and geographic population structure
of a tropical estuarine teleost: king threadfin, Polydactylus macrochir. Fisheries Research, 125-126 . pp. 214-224.

DOI: 10.1016/j.fishres.2012.02.028

575
576  References

577  Abaunza, P., Gordo, L.S., Santamaria, M.T.G., Iversen, S.A., Murta, A.G., Gallo, E., 2008.

578 Life history parameters as basis for the initial recognition of stock management units
579 in horse mackerel (Trachurus trachurus). Fish. Res. 89, 167-180.

580 Adlard, R.D., Lester, R.J.G., 1994. Dynamics of the interaction between the parasitic
581 isopod, Anilocra pomacentri, and the coral reef fish, Chromis nitida. Parasitology 109,
582 311-324.

583 Beacham, T.D., 1982. Some aspects of growth, Canadian exploitation, and stock
584 identification of Atlantic cod (Gadus morhua) on the Scotian Shelf and Georges Bank
585 in the northwest Atlantic Ocean. Can. Tech. Rep. Fish. Aquat. Sci. 1069, 43.

586  Bedee, C.D., DeVries, D.A., Bortone, S.A., Palmer, C.L., 2002. Estuary-specific age and
587 growth of spotted seatrout in the northern Gulf of Mexico. In: Bortone, S.A. (Ed.),
588 Biology of spotted sea trout. CRC Press, Boca Raton, FL, pp. 57-77.

589 Begg, G.A,, Friedland, K.D., Pearce, J.B., 1999a. Stock identification and its role in stock
590 assessment and fisheries management: an overview. Fish. Res. 43, 1-8.

591 Begg, G.A., Hare, J.A., Sheehan, D.D., 1999b. The role of life history parameters as
592 indicators of stock structure. Fish. Res. 43, 141-163.

593  Begg, G.A., Waldman, J.R., 1999. An holistic approach to fish stock identification. Fish.
594 Res. 43, 35-44.
595 Begg, G.A., 2005. Life history parameters. In: Cadrin, S.X., Friedland, K.D., Waldman,

596 J.R. (Eds.), Stock Identification Methods: Applications in Fishery Science. Elsevier
597 Academic Press, Burlington, MA, pp. 119-150.

598 Blaber, S.J.M., Brewer, D.T., Milton, D.A., Merta, G.S., Efizon, D., Fry, G., van der
599 Velde, T., 1999. The life history of the protandrous tropical shad Tenualosa macrura
600 (Alosinae: Clupeidae): fishery implications. Est. Coast. Shelf Sci. 49, 689-701.

601 Brewer, D.T., Blaber, S.J.M., Salini, J.P., Farmer, M.J., 1995. Feeding ecology of
602 predatory fishes from Groote Eylandt in the Gulf of Carpentaria, Australia, with
603 special reference to predation on penaeid prawns. Est. Coast. Shelf Sci. 40, 577-600.
604  Caselle, J.E., Hamilton, S.L., Schroeder, D.M., Love. M.S., Standish, J.D., Rosales-Casian,
605 J.A., Sosa-Nishizaki, O., 2011. Geographic variation in density, demography, and life

25



Text Box
This is the Submitted Version of a paper published in the journal Fisheries Research: 
Moore, Bradley R., Simpfendorfer, Colin A., Newman, Stephen J., Stapley, Jason M., Allsop, Quentin, Sellin, Michelle J., and Welch, David J. (2012) Spatial variation in life history reveals insight into connectivity and geographic population structure of a tropical estuarine teleost: king threadfin, Polydactylus macrochir. Fisheries Research, 125-126 . pp. 214-224. 
DOI: 10.1016/j.fishres.2012.02.028


606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636

history traits of a harvested, sex-changing, temperate reef fish. Can. J. Fish. Aquat.
Sci. 68, 288-303.

Choat, J.H., Robertson, D.R., Ackerman, J.L., Posada, J.M., 2003. An age-based
demographic analysis of the Caribbean stoplight parrotfish Sparisoma viride. Mar.
Ecol. Prog. Ser. 246, 265-277.

Clark, M.R., Anderson, O.F., Francis, R., Tracey, D.M., 2000. The effects of commercial
exploitation on orange roughy (Hoplostethus atlanticus) from the continental slope of
the Chatham Rise, New Zealand, from 1979 to 1997. Fish. Res. 45, 217-238.

Cowen, R.K., Lwiza, K.M.M., Sponaugle, S., Paris, C.B., Olson, D.B., 2000. Connectivity

of marine populations: open or closed? Science 287, 857—859.

Davidson, R.S., Letcher, B.H., Nislow, K.H., 2010. Drivers of growth variation in juvenile
Atlantic salmon (Salmo salar): an elasticity analysis approach. J. Anim. Ecol. 79,
1113-1121.

de Roos, A.M., Boukal, D.S., Persson, L., 2006. Evolutionary regime shifts in age and size
at maturation of exploited fish stocks. Proc. R. Soc. Lond. B 273, 1873-1880.

DeVries, D.A., Grimes, C.B., 1997. Spatial and temporal variation in age and growth of
king mackerel, Scomberomorus cavalla, 1977-1992. Fish. Bull. 95, 694-708.

Dominguez-Petit, R., Korta, M., Saborido-Rey, F., Murua, H., Sainza, M., Pineiro, C.,
2008. Changes in size at maturity of European hake Atlantic populations in relation
with stock structure and environmental regimes. J. Mar. Syst. 71, 260-278.

Durieux, E.D.H., Meekan, M.G., Ponton, D., Vigliola, L., 2009. Temperature, selective
mortality and early growth in the short-lived clupeid Spratelloides gracilis. J. Fish
Biol. 74, 921-938.

Erzini, K., 1994. An empirical study of variability in length-at-age of marine fishes. J.
Appl. Ichthyol. 10, 17-41.

Fogarty, M.J., Botsford, L.W., 2007. Population connectivity and spatial management of
marine fisheries. Oceanography 20, 112-123.

Francis, R., 1990. Back calculation of fish length: a critical review. J. Fish Biol. 36, 883—
902.

Ghiselin, M.T., 1969. The evolution of hermaphroditism among animals. Q. Rev. Biol. 44,
189-208.

26



637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667

Gillanders, B.M., 2009. Tools for studying biological marine ecosystem interactions-
natural and artificial tags. In: Nagelkerken, 1. (Ed.), Ecological Connectivity among
Tropical Coastal Ecosystems. Springer, London, pp. 457-492.

Gray, C.A., lves, M.C., Macbeth, W.G., Kendall, B.W., 2010. Variation in growth,
mortality, length and age compositions of harvested populations of the herbivorous
fish Girella tricuspidata. J. Fish Biol. 76, 880—899.

Haddon, 2001. Modelling and Quantitative Methods in Fisheries. Chapman & Hall,
London.

Halliday, I.A., Robins, J.B., Mayer, D.G., Staunton-Smith, J., Sellin, M.J., 2008. Effects of
freshwater flow on the year-class strength of a non-diadromous estuarine finfish, king
threadfin (Polydactylus macrochir), in a dry-tropical estuary. Mar. Freshw. Res. 59,
157-164.

Hawkins, J.P., Roberts, C.M., 2003. Effects of fishing on sex-changing Caribbean
parrotfishes. Biol. Conserv. 115, 213-226.

Hecht, T., van der Lingen, C.D., 1992. Turbidity-induced changes in feeding strategies of
fish in estuaries. S. Afr. J. Zool. 27, 95-107.

Hidalgo, M., Massuti, E., Guijarro, B., Moranta, J., Ciannelli, L., Lloret, J., Oliver, P.,
Stenseth, N.C., 2009. Population effects and changes in life history traits in relation to
phase transitions induced by long-term fishery harvesting: European hake (Merluccius
merluccius) off the Balearic Islands. Can. J. Fish. Aquat. Sci. 66, 1355-1370.

Hilborn, R., Walters, C.J., 1992. Quantitative Fisheries Stock Assessment. Choice,
Dynamics and Uncertainty. Routledge, Chapman & Hall, Inc, New York.

Hixon, M.A., 1991. Predation as a process structuring coral reef fish communities. In: Sale,
P.F. (Ed.), The Ecology of Fishes on Coral Reefs. Academic Press, San Diego, pp.
475-508.

Hixon, M.A., Webster, M.S., 2002. Density dependence in reef fish populations. In: Sale,
P.F. (Ed.), Coral Reef Fishes: Dynamics and Diversity in a Complex Ecosystem.
Academic Press, San Diego, pp. 303-325.

Horne, J.B., Momigliano, P., Welch, D.J., Newman, S.J., van Herwerden, L., in review.
Searching for common threads in threadfins: comparative phylogeography of
Australian polynemids.

27



668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697

Hutchings, J.A., 1996. Spatial and temporal variation in the density of northern cod and a
review of hypotheses for the stock’s collapse. Can. J. Fish. Aquat. Sci. 53, 943-962.
Ihssen, P.E., Booke, H.E., Casselman, J.M., McGlade, J.M., Payne, N.R., Utter, F.M.,
1981. Stock identification: materials and methods. Can. J. Fish. Aquat. Sci. 38, 1838—

1855.

Jennings, S., Beverton, R.J.H., 1991. Intraspecific variation in the life history tactics of
Atlantic herring (Clupea harengus L) stocks. ICES J. Mar. Sci. 48, 117-125.

Jones, C.M., 2006. Estuarine and diadromous fish metapopulations. In: Kritzer, J.P., Sale,
P.F. (Eds.), Marine Metapopulations. Elsevier Academic Press, Burlington, MA, pp.
119-154.

Jones, G.P., McCormick, M.1., 2002. Numerical and energetic processes in the ecology of
coral reef fishes. In: Sale, P.F. (Ed.), Coral Reef Fishes: Dynamics and Diversity in a
Complex Ecosystem. Academic Press, San Diego, pp. 221-238.

Kailola, P.J., Williams, M.J., Stewart, P.C., Reichelt, R.E., McNee, A., Grieve, C., 1993.
Australian Fisheries Resources. Bureau of Resource Sciences, Department of Primary
Industries and Energy, Canberra, Australia.

McPherson, G.R., 1997. Reproductive biology of five target fish species in the Gulf of
Carpentaria inshore gillnet fishery. In: Garrett, R.N. (Ed.), Biology and harvest of
tropical fishes in the Queensland Gulf of Carpentaria gillnet fishery, Fisheries
Research and Development Corporation Final Report No. 92/145. Queensland
Department of Primary Industries, Brisbane, Qld, pp. 87-104.

Millner, R.S., Whiting, C.L., 1996. Long-term changes in growth and population
abundance of sole in the North Sea from 1940 to the present. ICES J. Mar. Sci. 53,
1185-1195.

Milton, D.A., Die, D., Tenakanai, C., Swales, S., 1998. Selectivity for barramundi (Lates
calcarifer) in the Fly River, Papua New Guinea: implications for managing gill-net
fisheries on protandrous fishes. Mar. Freshw. Res. 49, 499-506.

Moore, B.R., Welch, D.J., Simpfendorfer, C.A., 2011. Spatial patterns in the demography
of a large estuarine teleost: king threadfin, Polydactylus macrochir. Mar. Freshw. Res.
62, 937-951.

28



698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727

Motomura, H., lwatsuki, Y., Kimura, S., Yoshino, T., 2000. Redescription of Polydactylus
macrochir (Gunther, 1867), a senior synonym of P. sheridani (Macleay, 1884)
(Perciformes: Polynemidae). Ichthyol. Res. 47, 327-333.

Newman, S.J., Allsop, Q., Ballagh, A.C., Garrett, R.N., Gribble, N., Meeuwig, J.J.,
Mitsopoulos, G.E.A., Moore, B.R., Pember, M.B., Rome, B.M., Saunders, T.,
Skepper, C.L., Stapley, J.M., van Herwerden, L., Welch, D.J., 2010. Variation in
stable isotope (8180 and 813C) signatures in the sagittal otolith carbonate of king
threadfin, Polydactylus macrochir across northern Australia reveals multifaceted stock
structure. J. Exp. Mar. Biol. Ecol. 396, 53-60.

Pember, M.B., Newman, S.J., Hesp, S.A., Young, G.C., Skepper, C.L., Hall, N.G., Potter,
I.C., 2005. Biological parameters for managing the fisheries for blue and king
threadfin salmons, estuary rockcod, Malabar grouper and mangrove jack in north-
western Australia, Fisheries Research and Development Corporation Final Report No.
02/003. Centre for Fish and Fisheries Research, Murdoch University, Murdoch, WA.

Platten, J.R., Tibbetts, I.R., Sheaves, M.J., 2002. The influence of increased line-fishing
mortality on the sex ratio and age of sex reversal of the venus tusk fish. J. Fish Biol.
60, 301-318.

Ricker, W.E., 1975. Computation and Interpretation of Biological Statistics of Fish
Populations. Bull. Fish. Res. Board Can. 191, 382.

Ricker, W.E., 1981. Changes in the average size and average age of pacific salmon. Can. J.
Fish. Aquat. Sci. 38, 1636-1656.

Robertson, D.R., Ackerman, J.L., Choat, J.H., Posada, J.M., Pitt, J., 2005. Ocean
surgeonfish Acanthurus bahianus. I. The geography of demography. Mar. Ecol. Prog.
Ser. 295, 229-244.

Robins, J.B., Mayer, D.G., Staunton-Smith, J., Halliday, I.A., Sawynok, W., Sellin, M.J.,
2006. Variable growth rates of the tropical estuarine fish barramundi Lates calcarifer
(Bloch) under different freshwater flow conditions. J. Fish Biol. 69, 379-391.

Salini, J.P., Brewer, D.T., Blaber, S.J.M., 1998. Dietary studies on the predatory fishes of
the Norman River estuary, with particular reference to penaeid prawns. Est. Coast.
Shelf Sci. 46, 837-847.

29



728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758

Sarre, G.A., Potter, 1.C., 2000. Variation in age compositions and growth rates of
Acanthopagrus butcheri (Sparidae) among estuaries: some possible contributing
factors. Fish. Bull. 98, 785-799.

Secor, D.H., Rooker, J.R., 2005. Connectivity in the life histories of fishes that use
estuaries. Est. Coast. Shelf Sci. 64, 1-3.

Silva, A., Carrera, P., Masse, J., Uriarte, A., Santos, M.B., Oliveira, P.B., Soares, E.,
Porteiro, C., Stratoudakis, Y., 2008. Geographic variability of sardine growth across
the northeastern Atlantic and the Mediterranean Sea. Fish. Res. 90, 56-69.

Slatkin. M., 1987. Gene flow and the geographic structure of natural populations. Science

236, 297-299

Smith, P.J., Francis, R., McVeagh, M., 1991. Loss of genetic diversity due to fishing
pressure. Fish. Res. 10, 309-316.

Staunton-Smith, J., Robins, J.B., Mayer, D.G., Sellin, M.J., Halliday, I.A., 2004. Does the
quantity and timing of freshwater flowing into a dry tropical estuary affect year-class
strength of barramundi (Lates calcarifer)? Mar. Freshw. Res. 55, 787-797.

Thorrold, S.R., Latkoczy, C., Swart, P.K., Jones, C.M., 2001. Natal homing in a marine
fish metapopulation. Science 291, 297-299.

Tolan, J.M., Fisher, M., 2009. Biological response to changes in climate patterns:
population increases of gray snapper (Lutjanus griseus) in Texas bays and estuaries.
Fish. Bull. 107, 36-44.

Vance, D.J., Haywood, M.D.E., Heales, D.S., Kenyon, R.A., Loneragan, N.R., 1998.
Seasonal and annual variation in abundance of postlarval and juvenile banana prawns
Penaeus merguiensis and environmental variation in two estuaries in tropical
northeastern Australia: a six year study. Mar. Ecol. Prog. Ser. 163, 21-36.

Vance, D.J., Staples, D.J., Kerr, J.D., 1985. Factors affecting year-to-year variation in the
catch of banana prawns (Penaeus merguiensis) in the Gulf of Carpentaria, Australia. J.
Cons. Int. Explor. Mer 42, 83-97.

Warner, R.R., 1988. Sex change and the size-advantage model. Trends Ecol. Evol. 3, 133—
136.

Whitfield, A.K., 2005. Fishes and freshwater in southern African estuaries - a review.
Aquat. Living Resour. 18, 275-289.

30



759  Williams, AJ., Davies, C.R., Mapstone, B.D., 2006. Regional patterns in reproductive

760 biology of Lethrinus miniatus on the Great Barrier Reef. Mar. Freshw. Res. 57, 403—
761 414.
762

This is the Submitted Version of a paper published in the journal Fisheries Research:

Moore, Bradley R., Simpfendorfer, Colin A., Newman, Stephen J., Stapley, Jason M., Allsop, Quentin, Sellin, Michelle J., and
Welch, David J. (2012) Spatial variation in life history reveals insight into connectivity and geographic population structure
of a tropical estuarine teleost: king threadfin, Polydactylus macrochir. Fisheries Research, 125-126 . pp. 214-224.

DOI: 10.1016/j.fishres.2012.02.028

31


Text Box
This is the Submitted Version of a paper published in the journal Fisheries Research: 
Moore, Bradley R., Simpfendorfer, Colin A., Newman, Stephen J., Stapley, Jason M., Allsop, Quentin, Sellin, Michelle J., and Welch, David J. (2012) Spatial variation in life history reveals insight into connectivity and geographic population structure of a tropical estuarine teleost: king threadfin, Polydactylus macrochir. Fisheries Research, 125-126 . pp. 214-224. 
DOI: 10.1016/j.fishres.2012.02.028


763

764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791

Fig. 1. Locations where king threadfin, Polydactylus macrochir, were collected for
examination of life history. Clockwise from left: EMB, Eighty Mile Beach; RB, Roebuck
Bay; DBY, Derby; CB, Chambers Bay; RR, Roper River; AC, Arthurs Creek; AR, Albert
River; MI, Morning Inlet; FLR, Flinders River; SC, Spring Creek; SR, Staaten River; KR,
Kendall River; WLR, Wenlock River; LUC, Lucinda; TSV, Cleveland Bay, Townsville;
FR, Fitzroy River; MR, Mary River; BR, Brisbane River.

Fig. 2. Sagittal otolith of a 3 year-old king threadfin Polydactylus macrochir from the
Fitzroy River showing measurements made for back-calculation of length-at-age 2. OR is

the radius of the otolith at capture and R; is the radius of the otolith at 2 years of age.

Fig. 3. Plot of fork length (mm) on otolith radius (mm) and the power relationship (y =
23.271x*4% R? = 0.864, n = 1490).

Fig. 4. Length at age data, unconstrained (solid lines) and constrained (t, = 0) (dashed
lines) and von Bertalanffy growth function curves for Polydactylus macrochir in

Australian waters. See Table 2 for parameter estimates.
Fig. 5. Back-calculated fork length-at-age 2 for Polydactylus macrochir from 17 locations
across northern Australia. The mean, 25™ and 75" percentiles (boxes) and 90™ percentiles

(whiskers) are represented in the boxplots. See Fig. 1. for location codes.

Fig. 6. Length frequency distributions for male (light grey) and female (dark grey)
Polydactylus macrochir from 18 locations in Australian waters.

Fig. 6 (cont.). Length frequency distributions for male (light grey) and female (dark grey)
Polydactylus macrochir from 18 locations in Australian waters.
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Table

1 Tablel

2 Summary of Polydactylus macrochir collected from 18 locations across Australia. Undetermined indicates fish that were eviscerated at sea.

Age class

Location n Mean age range Mean FL FL range n n n n _
(years) (years) (mm) (mm) males females transitionals  undetermined

Eighty Mile Beach 150 4.9 1-12 687 228-1080 41 99 10 0
Roebuck Bay 319 2.8 1-10 635 451-919 260 55 4 0
Derby 61 4.0 1-10 698 210-1040 28 26 7 0
Chambers Bay 126 6.3 2-12 816 505-1030 73 52 1 0
Roper River 126 4.9 2-11 864 480-1090 20 6 1 99
Arthurs Creek 44 3.5 2-6 565 415-835 38 5 1 0
Albert River 36 3.7 35 599 520-715 31 5 0 0
Morning Inlet 54 3.6 2-7 567 325-1130 29 24 1 0
Flinders River 138 3.6 2-8 655 325-930 83 49 5 1
Spring Creek 103 3.5 2-9 611 295-1020 55 45 2 1
Staaten River 31 2.4 2-4 495 320-595 9 21 1 0
Kendall River 63 2.1 1-3 528 315-810 57 6 0 0
Wenlock River 33 2.7 2-5 679 442-960 29 3 0 1
Lucinda 25 3.6 3-4 801 645-895 18 0 4 3
Townsville 84 2.8 1-4 701 450-886 67 2 1 14
Fitzroy River 699 4.7 2-22 801 430-1354 241 29 6 423
Mary River 61 5.3 2-11 806 440-1016 47 8 1 5

Brisbane River 85 5.6 2-14 828 493-1062 58 18 2 7




3 Table2
4 von Bertalanffy growth parameters and rates of total mortality for Polydactylus macrochir

5  from ten locations across northern Australia.

Constrained

Unconstrained VBGF Total mortality

Location (to=0) VBGF
L. (mm) K to L. (mm) K Z r?

Eighty Mile Beach 1108 0.23 -0.26 1074 0.26  0.162 0.42
Roebuck Bay 888 0.46 -0.33 869 055 0.372 0.51
Derby 1176 0.26 0.10 1199 0.24 0.373 0.68
Chambers Bay 965 0.32 -1.05 942 0.46 0.120 0.20
Roper River 1094 0.33 -0.04 1091 034 0.626 0.89
Flinders River 835 0.53 0.53 1094 0.38  0.887 0.94
Spring Creek 978 0.35 0.48 1096 0.25 0.642 0.64
Fitzroy River 1222 0.24 -0.34 1201 0.27 0.119 0.49
Mary River 975 0.46 0.79 1018 0.33 0.311 0.46
Brisbane River 1047 0.30 -0.25 1034 0.33 0.298 0.55




10

Table 3

P-values from Tukey-Kramer pair-wise comparisons of back-calculated length-at-age 2 for king threadfin, Polydactylus macrochir, from the 2005 year class

collected from 17 locations across northern Australia (bold indicates significant difference).

Location RB DBY CB RR AC AR Ml FLR SC KR WLR LUC TSV FR MR BR

EMB <0.001 0.459 <0.001 <0.001 0.518 0.072 1.000 0509 0.025 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.026
RB <0.001 1.000 0.056 <0.001 <0.001 <0.001 <0.001 <0.001 1.000 0.652 0.998 0.194 0.013 0972 0.004
DBY 0.017 <0.001 1.000 1.000 0.637 1000 1.000 0.012 <0.001 0209 0419 0.668 0528 1.000
CB 0.060 <0.001 0.017 <0.001 <0.001 0.003 1.000 0541 1000 0.899 0513 1000 0.098
RR <0.001 <0.001 <0.001 <0.001 <0.001 0.161 1.000 0.012 <0.001 <0.001 0.006 <0.001
AC 1.000 0.740 1.000 0.999 <0.001 <0.001 0.006 0.006 0.021 0.061 0.990
AR 0.173 0996 1.000 0.012 <0.001 0.271 0509 0.782 0.660 1.000
Ml 0.756  0.087 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.074
FLR 0.987 <0.001 <0.001 <0.001 <0.001 <0.001 0.016 0.943
SC 0.002 <0.001 0.127 0.223 0482 0485 1.000
KR 0.732 1000 0.813 0.407 0998 0.071
WLR 0.220 0.005 <0.001 0.130 <0.001
LUC 1.000 0994 1.000 0.607
TSV 1.000 1.000 0.888
FR 1.000 0.984
MR 0.910




Table 4

Estimates of length and age (and upper and lower 95% confidence intervals) at which 50% of

Polydactylus macrochir change sex at seven locations across northern Australia.

Fork length (mm) Age (years)

Location Leo Lower Upper Aco Lower Upper

95% Cl  95% CI 95% Cl  95% CI
Eighty Mile Beach 450 308 541 2.0 0.2 3.3
Roebuck Bay 779 757 799 5.1 4.3 6.1
Derby 707 614 804 4.2 3.6 5.0
Chambers Bay 882 868 893 7.0 6.4 7.6
Fitzroy River 1140 1082 1234 9.7 8.4 12.6
Mary River 960 925 1053 8.3 7.1 9.8
Brisbane River 932 912 959 7.5 6.5 8.9




Figure 1
Click here to download high resolution image

0 250 500 750 1000 1280
— — T

ﬁ 40°—


http://ees.elsevier.com/fish/download.aspx?id=136812&guid=7337305e-264b-4882-86dc-c26ca547c7c7&scheme=1

Figure 2
Click here to download high resolution image



http://ees.elsevier.com/fish/download.aspx?id=136813&guid=bffcfbb1-e482-458c-8324-895479e5ea41&scheme=1

Figure 3

1500 -

1400 A

1300 -

1200 ~

1100 A

T T T T T T

O O O O O o
o O O O O O
m O O ™~ O W

(ww) Yybua| Mi04

T T
o O
o O
< M

200 -

100 -

12

10

Otolith radius (mm)



Figure 4
Click here to download high resolution image
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Figure 5
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