
1 
 

 

 

 



 

Preferred reference: 

Hicks T., Kopf R.K., Humphries P. (2015) Fecundity and egg quality of dusky flathead 
(Platycephalus fuscus) in East Gippsland, Victoria. Institute for Land Water and Society, 
Charles Sturt University. Report number 94. Prepared for the Recreational Fishing Grants 
Program, Fisheries Victoria. The State of Victoria Department of Economic Development, 
Jobs, Transport and Resources. Pp. 1-34. 
ISBN 978-1-86-467279-4 

 

Front Page Photograph: Dusky Flathead (Platycephalus fuscus).  
Author: Richard Ling 
Licensed under the Creative Commons Attribution-ShareAlike 2.0. 
https://creativecommons.org/licenses/by-sa/2.0/legalcode 
 

This project was undertaken as part of an Honours thesis by Tara Hicks at Charles Sturt 

University.  

Honours Supervisors: 

Dr. R. Keller Kopf 
Research Fellow 
Charles Sturt University 
Institute for Land, Water and Society 
Elizabeth Mitchell Drive 
Albury NSW 2640 
Ph:02 6051 9294 
Mob: 04 04265690 
Fax: 02 6051 9897 
rkopf@csu.edu.au 
 
 
Dr Paul Humphries 
School of Environmental Sciences 
Charles Sturt University 
PO Box 789, Albury, NSW, 2640 
Ph: 02 60519920 
Fax: 02 60519897 
phumphries@csu.edu.au 
 
 

 

 

  

https://creativecommons.org/licenses/by-sa/2.0/legalcode
mailto:rkopf@csu.edu.au
mailto:phumphries@csu.edu.au


1 
 

 

Acknowledgements 

We thank Fisheries Victoria and all of the state recreational fishing license holders for 

funding this project through the Recreational Fishing Grants Program (IN/11/0482).  

Peter Nichols, Peter Mansour and Heidi Pethybridge at CSIRO Oceans & Atmospheric 

Flagship in Hobart, generously provided time and assistance to help with the lipid and fatty 

acid analyses. 

We extend our thanks to all of the people who assisted with collecting samples from dusky 

flathead. These include the recreational anglers of Mallacoota and especially Keith Simpson, 

who contributed a large number of the fish. Will Reinelt provided fish and assisted with mesh 

netting. Simon Conron from Victoria Fisheries and Dale Sumner from the Lakes Entrance 

Fisherman’s cooperative supplied many of the large females used in this report. Rick 

Morton’s help with sampling activities and for broadly supporting this research as part of an 

Honours project are greatly appreciated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 
 

Table of Contents 

Acknowledgements .................................................................................................. 1 

Executive Summary ................................................................................................. 3 

Background .............................................................................................................. 4 

Aim and objectives ................................................................................................... 5 

Materials and methods ............................................................................................ 6 

Sample Collection ............................................................................................................. 6 
Gonad and hepato-somatic indices and length-at-50% maturity ........................................ 7 
Potential fecundity ............................................................................................................. 7 
Lipid and Fatty acid analyses .......................................................................................... 10 
Total lipid concentration .................................................................................................. 10 
Fatty acid analysis ........................................................................................................... 11 
Lipid class composition ................................................................................................... 11 
Energy density ................................................................................................................ 12 
Statistical analysis ........................................................................................................... 12 

Results .................................................................................................................... 13 

Reproductive biology ....................................................................................................... 14 
Fecundity-body size relationships ................................................................................... 16 
Oocyte diameter-body size relationship ........................................................................... 17 
Lipid content and class composition ................................................................................ 19 
Fatty acid profiles ............................................................................................................ 20 
Energy density ................................................................................................................ 21 

Discussion .............................................................................................................. 22 

Are bigger dusky flathead better mothers? ...................................................................... 22 
Limitations and future research ....................................................................................... 23 
Conclusion ...................................................................................................................... 24 

References .............................................................................................................. 25 

Appendices ............................................................................................................. 29 

 
 

 

 

 

 

 

 

 

 



3 
 

Executive Summary 

Dusky flathead (Platycephalus fuscus) are harvested commercially and recreationally 
throughout their distribution between Cairns, Queensland and the Gippsland Lakes in 
Victoria.  As a precautionary management measure to conserve large and mature females, 
Fisheries Victoria implemented a recreational slot limit of 300-550 mm total length (TL) in 
2012.  Prior to this study, there was no information available on the reproductive potential 
(fecundity or egg quality) of different size-classes of dusky flathead, and therefore it was 
uncertain whether the slot limit was effective in protecting the most productive size-class of 
females. 
 
The objectives of this study were to: 
 

• Quantify the relationship between fecundity (number of eggs) and body size in 
dusky flathead  

 
• Assess whether egg quality-based on egg diameter, total lipid content, lipid class 
concentration, fatty acid concentration and energy density-varies with body size of 
dusky flathead. 

 
These objectives were met by sampling 412 dusky flathead from commercial fisheries in the 
Gippsland Lakes and a combination of mesh-netting and recreational anglers in Mallacoota 
Inlet in Victoria from November 2014-January 2015. Analyses included macroscopic staging 
of reproductive condition, gonadosomatic indices and histology of ovaries, the last of which 
was used to identify actively spawning females suitable for fecundity and egg quality 
analyses. Results showed that: 
 

• Small females produced exponentially fewer eggs than larger females.  Potential 
annual fecundity ranged from 112,264 eggs in a 323 mm female to 4,793,077 eggs in 
a 764 mm female.  However, fecundity, in terms of numbers of eggs per g body 
weight, did not differ with size. 

 
• Egg quality – as measured by egg diameter, total lipid content, lipid class 
concentration, fatty acid concentration and energy density - did not change with body 
size. 

 
• The length at 50% maturity estimated for female dusky flathead in Victoria here, 
328 ± 24 mm SE, was substantially smaller than the L50 568 ± 6 mm estimated in a 
previous study from New South Wales. 

 
Contrary to various studies which suggest that larger, older females contribute 
disproportionally to fish stocks, dusky flathead egg quality and relative fecundity did not 
change with body size. Based on these results alone, management of dusky flathead 
fisheries could focus solely on maintaining viable levels of spawning biomass irrespective of 
body size.  However, slot limits have proven to be effective in protecting trophy fish and in 
promoting a more natural age-structure which may have important implications for 
maintaining stock resilience that must also be considered. An important factor determining 
whether the slot limit is set at an appropriate size range for dusky flathead is whether the 
length-at-50% maturity in Victoria is different to New South Wales.   
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Background 

Dusky flathead (Platycephalus fuscus) are endemic to Australia and are distributed from 

Cairns, Queensland to the Gippsland Lakes in Victoria.  Total commercial catch has 

fluctuated between 140 and 275 MT per year, from 2000-2013, of which catches in Victorian 

waters (mostly from the Gippsland Lakes) range from 5-45 MT annually (McGilvraya et al., 

2014).   There are no estimates of the recreational catch of this species in Victoria but the 

most recent estimates from Queensland and New South Wales were 149 MT and 886 MT 

per year, respectively (McGilvraya et al., 2014).   

As a precautionary management measure to conserve mature females, Fisheries Victoria 

implemented a maximum recreational size limit of 550 mm total length (TL) in 2012 

(Department of Primary Industries 2012). To conserve smaller and presumably immature 

size-classes of fish, Fisheries Victoria simultaneously implemented a minimum size limit of 

300 mm TL. Anglers in Victoria are therefore restricted to harvesting dusky flathead within a 

‘slot limit’ of 300-550 mm TL. The slot limit was introduced, due to apparent boom-and-bust 

recruitment patterns, combined with increasing fishing pressure, whereby recreational 

catches of the largest size-class of dusky flathead (> 600 mm TL) declined from 11% to 1% 

of the surveyed recreational catch in Mallacoota inlet between 2003 and 2008 (Department 

of Primary Industries 2010). Other areas in Victoria, including the East Gippsland Lakes, 

Lake Tyres and Sydenham inlet, continue to support increasing numbers of recreational 

anglers that target dusky flathead.     

Dusky flathead are sexually dimorphic, with females attaining a larger asymptotic body size 

(1280 mm TL) than males (440 mm TL; Gray and Barnes, 2015).  Estimates from fish caught 

in New South Wales suggest that 50% of females reach maturity at 570 mm TL, whereas 

50% of males mature at approximately 320 mm TL (Gray and Barnes, 2015). Spawning 

aggregations of dusky flathead occur in estuaries along the east Australian coast during 

spring, summer and autumn (Gray and Barnes, 2015; Pollock 2014), when females release 

large numbers of small planktonic eggs. However, there are no reliable estimates of 

fecundity or egg quality for dusky flathead and their relationship to body size remains 

unknown. 

Since fecundity and egg quality-body size relationships in female dusky flathead have not 

been established, it is uncertain whether the recreational slot limit protects the most 

productive mature size-classes of fish. Fecundity is the number of eggs an individual 

produces over a specified period of time, and egg quality is the combination of 

characteristics which contribute to the successful fertilisation, incubation, hatching and 

survival of larvae.  Within fish species, there is a well-established positive relationship 

between fecundity and body size (Kamler, 2005; Marshall et al., 2010; Murua et al., 2003; 

Uusi Heikkilä et al., 2010), and in some species of fish, larger/older females produce higher-

quality eggs (Berkeley et al., 2004a; Bobko & Berkeley, 2004; Hixon et al., 2013; 

Marteinsdottir & Steinarsson, 1998). This has led to the formation of the BOFFFF (big, old, 

fat, fecund, female fish) hypothesis, which states that larger, older females have a 

disproportionate contribution to fish populations through greater reproductive output in terms 

of egg number and quality (Field et al., 2008; Hixon et al., 2013).   
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Aim and objectives 

The aim of this study was to evaluate whether bigger female dusky flathead produce more 

and better quality eggs than smaller females, and to discuss the fishery management 

implications of these results.  

The objectives of this study were to determine: 

 

1. The relationship between fecundity and body size of dusky flathead; and 

2. If egg quality-based on egg diameter, total lipid content, lipid class concentration, 

fatty acid concentration and energy density-varies with body size of dusky flathead. 
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Materials and methods 

Sample Collection  

Dusky flathead were obtained from three sources: Lakes Entrance Commercial Fisherman’s 

Cooperative, recreational anglers, and mesh-netting. All fish were caught between 

November 2014 and January 2015 from the Gippsland Lakes and Mallacoota Inlet (Figure 

1). The timing of sampling was set according the peak spawning season reported for dusky 

flathead off the coast of New South Wales (Gray and Barnes, 2015).  

 

Figure 1. Study area: Mallacoota Inlet and the Gippsland Lakes in East Gippsland, Victoria. 

 

Recreational anglers, fishing in Mallacoota inlet, donated flathead frames within the slot limit 

(30 cm to 55 cm). These samples were received frozen, with fillets removed. Fish outside of 

the slot limit were caught on a Fisheries Victoria permit (#RP1210) using hook and line. A 

Fisheries Victoria permit (#RP1213) was also obtained to collect samples outside the slot 

limit using mesh netting. Mesh netting in Mallacoota Inlet was conducted on two nights in 

December and January 2015. Two 50 m long, 2 m tall mesh nets with 7.5 cm mesh were 

deployed for 1.5 hour intervals throughout the night from 8 pm until 9 am the following 

morning. All animals were handled and killed in accordance with the animal care and ethics 

permit (#14/097) issued by Charles Sturt University. Fish were stored in ice and transferred 

to a freezer the following day.  Samples from the Gippsland Lakes (n = 146), consisting 

mostly of large females, were purchased from the Lakes Entrance Commercial Fishermen’s 

Co-operative. Commercial fishers caught these fish in November and December 2014 using 

mesh nets.  
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Prior to processing, fish were thawed and total length (TL, mm) and weight (0.1 g) were 

measured. The sex of each fish was determined macroscopically and ovaries and liver were 

removed and individually weighed (0.1 g). The macroscopic stage of the ovaries, based on 

the criteria outlined in Gray and Barnes (2008), was recorded and a photograph of the 

ovaries was taken. Sub-samples of one gonad were taken for histology from the posterior, 

central and anterior regions and fixed in 10% formalin. Prior to preparation of histology 

slides, the formalin-fixed samples were transferred to 100% ethanol. The remaining gonad 

was placed in a plastic bag and re-frozen for lipid and fecundity analyses pending histology 

results. It was not possible to use fresh eggs in lipid and potential fecundity analyses 

because the majority of the fish were received frozen.  

 

Gonad and hepato-somatic indices and length-at-50% maturity 

Ovary weight (0.1 g) was estimated for fish that were received with fillets removed, or only 

one ovary, using a regression between left and right ovary mass (g) following the equation: y 

= 0.9858x + 0.6406 to estimate the left ovary and y = 0.9618x +0.1808 for the estimate the 

right. A gonadosomatic index (GSI) was calculated using the equation: GSI = (gonad weight 

/ total fish weight) X 100, and reported for each month for all females, and separately for 

ovaries of spawning fish used in fecundity analyses.  A hepatosomatic index was calculated 

from the following equation: HSI = (liver weight / total fish weight) X 100. Fulton’s condition 

factor was calculated from the following equation: ) *1000. 

The total length-at-50% maturity (L50%) of female dusky flathead (n=413) was estimated 

using a four parameter logistic regression fitted to the percentage of mature fish within 50 

mm length-classes ranging from 0 to 900 mm TL.  Juveniles were classified initially by 

macroscopic stage I and II characteristics according to Gray and Barnes (2008) and 

subsequently confirmed by the absence of atresia, post-ovulatory follicles, vitellogenic or 

post-vitellogenic oocytes in histological sections (Schaefer, 2001).  Sampling in the present 

study was restricted to the peak spawning months reported for dusky flathead in New South 

Wales (Gray and Barnes, 2008)        

  

Potential fecundity  

Ovaries were selected as candidates for fecundity analyses based on macroscopic stage 

(Figure 2), GSI and histology. Spawning stage females suitable for fecundity analyses were 

histologically characterised by ovaries with post-vitellogenic stage oocytes, ranging from 

early migratory nucleus to hydrated stages of development with no signs of atresia or recent 

ovulation. Vitellogenesis is a stage of ovarian development in which proteins are 

incorporated into the oocyte to form yolk protein (Lubzens et al., 2010). Post-vitellogenic 

stage oocytes (Figure 3) are oocytes in the migratory or hydrated stages. In the migratory 

nucleus stage, the nucleus moves to the periphery of the cell and oil droplets begin to 

coalesce (Ganias et al., 2004). The hydration stage involves water uptake of the oocyte 

which results in a large increase in size (Lubzens et al., 2010).  
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Figure 2.  Photographs of a spawning female dusky flathead ovaries (a) collected from 

Lakes Entrance in November 2014 and ovaries of an immature female (b) from 

Mallacoota Inlet in December 2014. 

 

 

 

 

 

 

 

 

 

 

Figure 3. Histological section of a spawning stage female dusky flathead ovary, 

showing post-vitellogenic oocytes (PstV) with coalescing lipid droplets (L) and 

germinal vesicle (GV), beginning migration to the periphery of the cell. Scale bar 100 

ųm. 

 

 

 

 (a) 

 

 (b) 
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Ovarian development organisation was observed using histological slides of ovarian 

sections. Qualitative observations revealed two distinct populations of oocytes (Figure 4): a 

group of small, underdeveloped pre-vitellogenic oocytes, and a group of much larger (>400 

ųm), vitellogenic and post-vitellogenic oocytes. This observation was consistent among all 

spawning ovaries examined and matched descriptions of ‘group-synchronous’ ovarian 

development summarised by Murua and Saborido-Rey (2003). Therefore, potential fecundity 

(Marteinsdottir and Begg, 2002) was estimated as the total number of post-vitellogenic 

oocytes and, in ovaries without atresia or post-ovulatory follicles, was assumed equivalent to 

the annual egg production (Murua & Saborido-Rey, 2003).  Sampling during the peak 

spawning season (November-January) according Gray and Barnes (2015) ensured that 

ovaries were fully-developed, while not using ovaries with atresia or post-ovulatory follicles in 

histological sections removed potential bias caused by fish that may have spawned previous 

batches of eggs.      

 

 

 

 

 

 

 

 

 

 

Figure 4. Section of spawning stage female dusky flathead, showing 

the two populations of oocytes: Group 1, ~ 50 – 100 ųm, and group 2, 

~ 400 – 500 ųm collected from Mallacoota Inlet and Gippsland Lakes 

between November 2014 and January 2015. 

 

To determine the minimum oocyte diameter for potential fecundity counts, the diameters of 

ten of the largest post-vitellogenic stage oocytes  were measured from histological slides of 

each fish. The smallest diameter of post-vitellogencic oocytes was 400  and therefore, all 

oocytes greater than 400  diameter were counted in potential fecundity estimates. 

Ovaries with post-ovulatory follicles and atretic oocytes were restricted from analyses. Mean 

oocyte diameter from histological slides was compared with the diameter of frozen oocytes 

preserved in ethanol to evaluate the effect of histological preparation on egg size.    
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The gravimetric method (Hunter et al., 1985) was used to estimate potential fecundity. 

Counts were made by taking three subsamples of ovarian tissue from the posterior, central 

and anterior regions of each of the paired ovaries. Subsamples were weighed (0.1 mg). The 

subsample weight was selected based on a variation of the method of Hunter et al. (1985). 

They recommended a subsample weight of 30 – 50 mg to obtain a recommended 100-200 

oocytes per subsample. This sample weight was reduced to 20 - 30 mg subsamples for this 

study, because this weight produced their recommended number of oocytes per subsample. 

Each subsample was placed on a Sedgewick-Rafter counting cell with 1 mm grid and 70% 

ethanol was added to help disperse oocytes and tissue teased apart. Oocytes were counted 

by moving each oocyte to one side of the cell when counted and systematically working 

across the cell until all oocytes were counted. Potential fecundity (Marteinsdottir and Begg, 

2002) was estimated by multiplying the mean number of oocytes per mg of sub-sample by 

the total mass of the paired ovaries. Relative fecundity was calculated using the equation: 

potential fecundity / ovary free body mass (g). 

 

Lipid and Fatty acid analyses 

Lipid and fatty acid analyses were performed on all of the ovaries of actively spawning 

females that were used for fecundity and egg diameter analyses. Sub-samples, 1-2 g wet 

weight, of ovary tissue were composed mostly of post-vitellogenic eggs but also contained 

connective tissue and undeveloped eggs, which may have affected lipid and fatty acid 

results and energy density estimates.  It was not possible to restrict analyses to post-

vitellogenic eggs because freezing resulted in the rupture of many advanced stage oocytes. 

Lipid and fatty acid analyses were performed by the first author, at the CSIRO Oceans & 

Atmospheric Flagship in Hobart, with the assistance of Dr. Peter Nichols and Dr. Peter 

Mansour. 

 

Total lipid concentration  

A modified version of Bligh and Dyer (1959) was used for total lipid extraction. A control (no 

added sample) was used in all analyses. Subsamples of 1-2 g of ovary tissue per fish were 

weighed and placed in 250 mL separatory funnels. All glassware was rinsed with 5 mL of 

prior to use. A solvent mixture of dichloromethane (DCM):methanol:Milli Q water 

10:20:8 mL) was added to each tissue subsample, the samples were shaken throughout 

the day and left overnight. The next morning, 10 mL of dichloromethane and 10 mL of saline 

mQ  were added to break the solution into two phases. The lower layer was drained into 

a 250 mL round bottom flask, several drops of MeOH added and then placed on a rotary 

evaporator to concentrate the sample. The extract was transferred in 1 mL of 

dichloromethane to a pre-weighed 2 mL glass vial. Vials were placed in a heating block and 

blown down under a stream of  gas to remove the solvent. The flask was rinsed twice with 

dichloromethane and the extract transferred to the glass vial until no colour remained. The 

extract was blown down under the  gas until a constant lipid weight was achieved. 

Samples were stored in the freezer. The concentration of total lipid was determined by the 

equation: total lipid weight/subsample wet weight.  
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Fatty acid analysis 

The fatty acid profile was determined using the total lipid extract obtained in the previous 

section. Dichloromethane (1.5 mL) was added to each vial of total lipid extract. An aliquot of 

this total solvent extract was taken from each vial and transferred to a test tube previously 

rinsed with DCM. The volume of each aliquot was determined from the total lipid weight. 

Test tubes were blown down under a stream of  and 3 mL of MeOH:HCl:  DCM (10:1:1) 

was added. Samples were vortexed and placed in a test tube heating rack at 80  for 2 h. 

Samples were re-vortexed after 30 minutes.  Samples were removed from the heating rack 

and left to cool. A volume of 1 mL of water and 1.8 mL of 4:1 Hexane: were added and 

samples were vortexed, then centrifuged at 2,000 rpm for 5 min. The upper organic layer 

was transferred to vials and blown down under a stream of Then 1.8 mL of Hexane:  

was added to the test tube and the process repeated. This procedure was completed 3 times 

in total. Finally, 500  of an internal standard (19:0 FAME) solution was added and 0.2  

was injected into an Agilent Technologies 7890B gas chromatograph (GC) (Palo Alto, 

California, USA) equipped with a non-polar Equity™-1 fused silica capillary column (15 m  

0.1 mm i.d., 0.1um film thickness), a flame ionisation detector, a split/splitless injector and an 

Agilent Technologies 7683 B Series auto sampler. Helium was the carrier gas. Samples 

were injected in split-less mode at an oven temperature of 120ºC. After injection, oven 

temperature was raised to 270ºC at 10ºC/min and finally to 300ºC at 5ºC/min. Peaks were 

quantified with Agilent Technologies ChemStation software (Palo Alto, California, USA). GC 

results typically have an error of up to ± 5% of individual component area. Peak identities 

were confirmed with a Thermo Scientific Trace 1310 GC and TSQ triple quadropole mass-

spectrometer system. Percentage FA were converted from the area of chromatogram peaks. 

Percentage data was then converted to mg/g. 

 

Lipid class composition  

A 100 uL aliquot of total lipid extract (TLE) was taken, and transferred to a new vial.  An 

aliquot of dichloromethane was added, whereby the amount was determined from the total 

lipid weight of each sample. An Iatroscan Mark V TH10 thin layer chromatograph, coupled 

with a flame ionization detector (TLC-FID), was used to quantify each lipid class including 

wax ester (WE), triacylglycerols (TAG), free fatty acids (FFA), sterols (ST) and phospholipids 

(PL). Samples were spotted onto individual chromorods, thin quartz rods used for separation 

of each lipid class from the sample extract. Chromorods were developed in a glass tank 

containing the polar solvent system, hexane:diethyl ether: glacial acetic acid (60:15:0.1). 

They were then oven-dried for 10 min at 100  to remove any solvent. Rods were then 

immediately placed in TLC-FID. Peaks were quantified using proprietary software SIC-480 

provided by Scientex®. 
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Energy density 

Energy density (ED) of ovarian tissue, wet mass and dry mass, was estimated using the 

methods outlined in Pethybridge et al. (2014). Samples were weighed and then put in a 

drying oven at 100 °C for 12 h. Samples were removed and the dry weight recorded. The 

water fraction (WF) was calculated from these values. The lipid fraction (LF) was determined 

from concentration of total lipid per gram of subsample divided by the subsample weight. 

The proportion of protein and carbohydrate of each tissue, the protein and carbohydrate 

fraction (PCF) was then determined from the equations according to Pethybridge et al. 

(2014):  

PCFdm = 1 - LFdm  

PCFwm = 1 - LFwm - WF 

These values and published calorific values for lipids (39.3 kJ and, protein and 

carbohydrates (17.8 kJ ) were then used to calculate energy density using the following 

equations according to Pethybridge et al. (2014): 

ED (kJ wm) =(1- 1.97) (LFwm*39.3] +[PCFwm*17.8]) 

ED (kJ g-1 dm) =(LFdm*39.3)+(PCFdm*17.8) 

 

Statistical analysis 

Generalised linear mixed-effects models (GLMM) were used for data analysis. GLMMs are 

an extension of the generalised linear model (Bolker et al., 2009). GLMMs were used 

because they are the most appropriate model to analyse non-normal data, such as counts or 

proportions, and incorporate random effects, such as variation among regions (Bolker et al., 

2009). GLMMs were used to determine if length or month (all fixed factors) explained 

variation in: Oocyte diameter; Potential fecundity; Relative fecundity; Body weight; Whole 

ovary lipid concentration; lipid concentration (mg wm); concentrations of different lipid 

classes WE, TAG, FFA, ST, PL; Selected fatty acids DHA, EPA, ARA; Energy density of 

ovaries and per egg, GSI and Fulton’s Condition factor. The fatty acids used in analyses 

where selected were based on fatty acids that have been associated with egg quality in the 

literature (Rainuzzo et al., 1997; Salze et al., 2005; Yanes-Roca et al., 2009).  

All response variables were modelled according the equation: 

Log response variable = log length + month + ( ) 

Whereby location (Mallacoota or Lakes Entrance) was incorporated as a random effect in 

order to eliminate any potential influence of sampling location. 
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Results   

A total of 412 female and 166 male dusky flathead were collected across locations (Figure 

1), resulting in a female:male sex ratio of 2.5:1. Nineteen per cent of females (n= 77) were 

collected by the Lakes Entrance Fishermen’s Cooperative from the Gippsland Lakes, and 82 

% (n = 335) were collected from Mallacoota Inlet by recreational angling or mesh netting. 

Females ranged from 198 mm total length (TL) and 43 g body mass, to 815 mm TL and 

3457 g body mass. Mean TL (± SE) for females was 413 ± 5 mm and mean body mass was 

584 ± 27 g (Figure 5). Mean TL for males was 371 ± 5.80g and mean body mass was 363 ± 

23 (Figure 1). Female length frequency distributions were unimodal. More than 75% of 

females ranged in size from 320 – 470 mm TL and 12 % were greater than 500 mm TL. The 

largest proportion of males (63 %) was in the range of 320 – 400 mm TL. A positive log-

linear relationship was present between TL and weight for female dusky flathead (GLMM; t = 

33.27; DF = 42; P<0.0001) and the untransformed relationship was described by the power 

function: weight = . 

 

Figure 5. Length frequency distribution of male (a) and female (b) dusky flathead 

sampled between November 2014 and January 2015 from Mallacoota Inlet and the 

Gippsland Lakes. 
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Reproductive biology 

The mean (± 1 SE) gonadosomatic indices (GSI) of all females ranged from 1.72 ± 0.17 to 

2.97± 0.22 between November and January. The mean GSI for all females selected for 

potential fecundity and lipid analyses across months was 8.75 ± 0.79 (Figure 6). The mean 

hepatosomatic indices (HSI) followed a similar pattern to GSIs, where all females ranged 

from 0.55 ± 0.03 to 0.96 ± 0.09 and 1.13 ± 0.18 to 1.63 ±0.21 for females used for fecundity 

and lipid analyses. Generalised linear mixed effects models (GLMM’s) showed no significant 

relationship between TL or month and GSI or HSI.  There was low variation among months 

for percent composition of reproductive stages (juvenile, hydrated/spawning, ovulating and 

post-spawn). The majority of females sampled were in the hydrated (48 %) or the juvenile 

(34 %) reproductive stage (Appendix 4). Fulton’s condition factor increased significantly with 

TL (GLMM; t=4.77; DF=399; P<0.0001). Examination of the mean Fulton’s condition factor 

among months showed condition factor to be a slightly higher in November (0.07 ± 0.001) 

than December (0.06 ± 0.001) and January (0.06 ± 0.001). 

Figure 6. Mean (± SE) monthly (a) gonadosomatic indices and (b) hepatomsomatic indices for 

all dusky flathead females (n = 403) and for spawning females used for potential fecundity and 

lipid analyses (n = 53) from females caught from Mallacoota Inlet and Gippsland Lakes 

between November 2014 and January 2015. 
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Total length at 50% maturity estimated for female dusky flathead was 328 ± 24 mm SE (Figure 

7).  The 95% confidence interval of the L50% estimate of females ranged  from  283 mm to 374 mm TL.  

Females started to mature at approximately 200 to 225 mm TL and 100% of individuals sampled  

were mature by 675 mm TL.   The 53 females used for potential fecundity estimates, oocyte 

diameter measurements, lipid and fatty acid analyses ranged from 323-815 mm TL. These 

females were at the ‘spawning’ stage of development according to macroscopic and 

histological staging. Spawning stage females were defined as females with post-vitellogenic 

stage oocytes, ranging from early migratory nucleus to hydrated stages of development. 

Post-vitellogenic oocytes contained lipid droplets coalescing toward the centre of the oocyte 

(Figure 3). Multiple stages of oocytes ranging from pre-vitellogenic to post-vitellogenic stages 

were present in histological sections of spawning ovaries. However, there were two 

dominant groups: group 1 consisted of relatively large, developing oocytes ~400 – 500 ųm 

and group 2 consisted of much smaller oocytes ~50 – 100 ųm (Figure 4).  
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Figure 7. Length (TL) at 50% maturity estimated for female dusky flathead from Mallacoota 

Inlet and Gippsland Lakes between November 2014 and January 2015. The logistic model 

estimated a L50 of 328 ± 24 mm SE.  The solid black drop-line shows the L50 and the dashed 

lines illustrate the 95% confidence interval.  
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Fecundity-body size relationships 

Potential fecundity ranged from 57,997 for as 420 mm fish to 4,793077 eggs for a 764 mm 

female and had a mean of 654,414 oocytes per female (Appendix 1).  Potential fecundity 

was right skewed (Appendix 1) and log10 transformed values were positively (Table 1) 

related to TL (Figure 8a). This relationship was also described by the simple linear 

regression: log10 fecundity = 8.4203 x ln(log10 TL) - 2.654. However, relative fecundity was 

not significantly (Table 1) related to TL or weight (Figure 8bd). Mean relative fecundity was 

704 eggs per gram of body mass.  There were no differences in potential or relative 

fecundity among months. 

 

 

 
 

Figure 8. The relationship between  length (TL) and (a) log potential fecundity and (b) 

 relative fecundity; and the relationship between  weight and (c)  potential 

fecundity and log relative fecundity (d) of dusky flathead (n = 53) from Mallacoota Inlet and 

Gippsland Lakes between November 2014 and January 2015. 
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Table 1. Generalised linear mixed effects model results for potential fecundity and 

relative fecundity as a function of  length (TL) and weight for female dusky 

flathead caught between November 2014 and January 2015 from Mallacoota Inlet and the 

Gippsland Lakes. Statistical values represent the estimates fitted to TL since month was not 

significant in any of the models. Location was incorporated as a random effect. For values for 

weight and egg quality indicators refer to appendix 2. 

 

Variable Value SE DF t-value p-value 

Length (TL) 

Potential fecundity  

Relative fecundity 

   

49 

49 

 

  8.26 

-0.40 

 

<0.0001 

  0.69 

  2.65 0.32 

- 0.14 0.34 

Weight  

Potential fecundity  

Relative fecundity  

   

49 

49 

 

  8.93 

-0.24 

 

<0.0001 

  0.81 

  0.87 0.10 

- 0.03 0.11 

 

 

Oocyte diameter-body size relationship 

The mean diameter of the most advanced stage of post-vitellogenic oocytes was 443 ± 3 

ųm. The GLMM showed no significant relationship between post-vitellogenic oocyte 

diameter and TL (Table 2). Comparison of the mean oocyte diameter between histological 

sections and whole thawed oocytes showed a difference of 87.3 ųm between histological 

slides (444.4 ± 8.61 ųm) and whole oocytes preserved (531.7 ± 24.02 ųm) samples. The 

minimum oocyte diameter of post-vitellogenic oocytes preserved in ethanol was 400 ųm. 

Therefore, all oocytes larger than 400 ųm diameter were counted for potential annual 

fecundity estimates.  

 

 

 

 

 

 

 

 

 

 

 

 

 



18 
 

Table 2. Generalised linear mixed effects models for relationships between log10 length (TL) 

and  egg quality indicators of female dusky flathead caught between November 2014 and 

January 2015 from Mallacoota Inlet and the Gippsland Lakes.  Statistical values represent the 

estimates fitted to TL since month was not significant in any of the models. Location was 

incorporated as a random effect. Values for weight and egg quality indicators are present in 

Appendix 2. 

Egg quality indicators Value SE DF t-value p-value 

Egg size -0.07 0.03 49 -1.88 0.07 

Mean oocyte diameter       

 

Lipid concentration  

Total lipid conc. mg/g 

Total lipid whole ovary 

 

 

-0.31 

0.86 

 

 

0.15 

0.07 

 

 

49 

49 

 

 

-2.14 

10.02 

 

 

 

0.04 

<0.0001 

 

 

      

 

Energy density  

Energy density (wm) ovary 

   

 

49 

  

 

-0.34 

 

0.19 

 

-1.79 

 

0.08 

Energy density (dm) ovary -0.03 0.02 49 -1.74 0.09 

Energy density per egg (wm) -0.19 0.30 49 -0.62 0.54 

Energy density per egg (dm)  0.13 0.26 49  0.49 0.62 

      

      

 

Lipid classes 

     

WE conc. mg/g -0.29 0.23 49 -1.29 0.20 

TAG conc. mg/g -0.002 0.23 49 -0.01 0.99 

FFA conc. mg/g  0.37 0.26 49  1.41 0.17 

ST conc. mg/g -0.07 0.19 49 -0.40 0.69 

 

Fatty acids 

-0.45 0.24 49 -1.85 0.07 

EPA conc. mg/g -0.45 0.24 49 -1.85 0.07 

ARA conc. mg/g   0.03 0.30 49  0.09 0.93 

DHA conc. mg/g -0.61 0.29 49 -2.10 0.04 
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Lipid content and class composition  

General linear mixed effects models detected significant relationships between TL and total 

lipid concentration (mg wm), TL and DHA concentration (mg wm), and total lipid 

concentration (mg wm) for the whole ovary, and TL and weight (Table 2). Month was not 

a significant explanatory variable for any of the GLMM’s.  Total lipid concentration 

(mg ) decreased with TL according to the GLMM (t= -2.14; DF=49; P < 0.05)  (Figure 

9). However, a standard linear regression suggested that TL explained only approximately 

10% of the variation among total lipid concentration values. A highly significant increase in 

total lipid concentration (mg wm) for the whole ovary was observed with TL (Figure 10a; 

GLMM; t=10.02; DF=49; P<0.0001).  

 

 

 

Total lipid concentration (mg wm) showed no relationship with weight (Figure 9b), 

whereas a significant increase in total lipid concentration  (mg wm) for the whole ovary 

was detected with weight (Figure 10b; GLMM; t=12.50; DF=49; P<0.0001). Length and 

weight were not significant predictors for concentration (mg wm) of any of 5 the lipid 

classes, wax esters (WE), triacylglycerols (TAG), free fatty acids (FFA), sterols (ST) and 

phospholipids (PL) present in the ovaries (Table 2). Phospholipids made up the highest 

percentage of the ovary (53 %). They were followed by Tricylglycerols, 21 %, wax esters, 16 

%, sterols 6 % and free fatty acids 4 %.  

 

 

 
Figure 9. The relationship between  total lipid concentration (mg wm) of ovarian 

tissue and  length (TL) (a) and  weight (b) for dusky flathead (n = 53) from Mallacoota 

Inlet and the Gippsland Lakes caught between November 2014 and January 2015. 



20 
 

 

Figure 10. The relationship between  whole ovary lipid concentration (mg wm) and 

 length (TL) (a) and  weight (b) for dusky flathead (n = 53) from Mallacoota Inlet and 

the Gippsland Lakes caught between November 2014 and January 2015. 

 

 

Fatty acid profiles 

The fatty acid analysis identified 71 different fatty acids, and 51 of these were present in 

relative concentrations greater than 0.1% wet mass (Appendix 2). The fatty acids present in 

the highest proportions (>5%) were 22:6w3 (Docosahexaenoic acid), 16:0 (Palmitic acid), 

18:1w9c (Oleic acid), 20:5w3 (Eicosapentaenoic acid), 18:0 (Stearic acid), and 16:1w7c 

(Palmitoleic acid). Month was not a significant variable in any of the GLMM’s. A significant 

negative linear relationship (GLMM; t=-2.10 DF=49 P= 0.04; Table 2) was detected between 

TL and DHA concentration (mg wm), but this relationship was very weak with a pseudo 

r2 value of less than 0.08. A significant negative relationship between DHA (mg wm) and 

weight (GLMM; t=-2.02 DF=49 P= 0.04) was also a very weak fit with a pseudo r2 value of 

less than 0.04. There were no significant relationships between TL or weight, and 

concentration (mg wm) of EPA and ARA (Table 2).  
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Energy density 

The mean energy density for dusky flathead ovaries was 2.16 ± 0.07 kJ  wet mass and 

19.57 ± 0.08 kJ  dry mass. Energy density of the ovary, and energy density per egg did 

not increase significantly with length as either kJ g-1 wet mass or kJ g-1 dry mass (Table 2). 

The relationship between  length (TL) and (a)  energy density (kJ  wm) and (b) 

 energy density (kJ  dm), and the relationship between  length and (c)  

energy density (kJ g-1 wm) per egg and (d)  energy density (kJ g-1 dm) per egg for 

dusky flathead (n = 53) caught from Mallacoota Inlet and the Gippsland Lakes between 

November 2014 and January 2015. 
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Discussion  

Are bigger dusky flathead better mothers? 

Bigger female dusky flathead have a greater potential to contribute to reproduction than 

smaller individuals due to absolute fecundity but importantly, per unit of body mass the 

number and quality of eggs did not vary with size.  

These results differ from expectations based on the Big, Old, Fat, Fecund Female Fish 

(BOFFFF) hypothesis (Hixon et al., 2013) and instead suggest that small spawning females 

are equally important, per gram of body mass, as compared to large females. The 

contribution of different size-classes to reproduction and recruitment depends on the 

abundance of different age-classes in the population and their size-specific fecundity 

estimated here. For example, one very large (e.g. 800 mm TL) female is expected to 

produce approximately 2.1 million eggs, which is equivalent to the number of eggs expected 

to be produced by approximately 12 small (e.g. 350 mm TL) individual females.  

Fisheries management of dusky flathead must consider the results of our study in light of 

other potential benefits of conserving large fish and a diverse range of age-classes in the 

fishery.  Firstly, large females may have other characteristics or behaviours not measured in 

this study, including mate selection, spawning habitat quality, spawning time and duration, 

which may have significant effects on the survival of eggs, larvae and subsequent 

recruitment (see Birkeland & Dayton, 2005; Field et al., 2008; Marshall et al., 2010). 

Secondly, conserving a diverse range of size/age-classes of mature dusky flathead, by using 

a slot limit, is likely to result in a more natural age-structure of the population compared to a 

minimum size limit, or a total harvest limit (Gwinn et al., 2015). Evidence from other fisheries 

(see Secor et al., 2015) suggests that truncation of the dusky flathead fishery size/age-

structure by systematically removing large size-classes may increase the probability of 

fishery collapse.      

The recreational slot limit (300 mm to 550 mm TL) in Victoria is assumed to protect mature 

females and re-direct the fishing pressure on to juveniles and males. Since large female 

dusky flathead produce exponentially more eggs than smaller females, and there is no 

difference in the quality eggs among size-classes, the slot limit in Victoria is effectively 

protecting the most productive individual females in the fishery. These highly fecund females 

also happen to be the trophy fish in the fishery which have apparently declined in some 

areas of Victoria to less the 1% of the recreational catch (Department of Primary Industries 

Victoria 2010). Evidence from other fisheries suggests that compared to other management 

strategies, one of the biggest benefits of a slot limit is that anglers are allowed to harvest 

more fish and a greater proportion of these are trophies (Gwinn et al., 2015). 

A very important consideration for setting the slot limit is that the length at 50% maturity 

estimated for female dusky flathead in Victoria here, 328 ± 24 mm SE, was substantially 

smaller than the L50 568 ± 6 mm estimated from a previous study in New South Wales (Gray 

and Barnes, 2015).  If the discrepancy between New South Wales and Victoria is due to 

biological differences, not methodology (see below), this suggests that the slot limit may not 

be effectively protecting most mature age-classes of females.  Protecting a greater 

proportion of mature females would require a reduction in the maximum harvest length (550 

mm TL) set in Victoria’s slot limit. Incorporating the fecundity estimates presented here into 
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age-structured stock assessments of dusky flathead would facilitate more detailed estimates 

of which age-classes contribute most to reproduction and therefore which size-classes 

require protection.  This would require fishery independent surveys combined with age-

structure estimates and the size-specific fecundity estimates presented here.  

Limitations and future research 

• Spatial and temporal variation in fecundity and egg quality of dusky flathead along 

the east Australian coast requires further investigation. Fecundity in fish often varies 

among years, within spawning seasons and regions (Hunter et al., 1985) and therefore the 

present study, conducted over one season at the southern-most point of the species’ 

distribution, should be considered a starting point for determining the fecundity of dusky 

flathead.  We detected no monthly changes in the fecundity or quality of eggs in dusky 

flathead among the peak spawning months evaluated in the present study, although 

differences may occur if sampling was extended to include other months at the beginning 

and end of the spawning season.  Body size did not affect the quality of eggs in dusky 

flathead studied here but environmental factors can contribute to changes in egg quality that 

were not investigated in the present study.   There is little published information available on 

the spatial and temporal variation in quality of wild fish eggs, although changes in the diet 

and condition of females prior to the spawning season plays in important role in egg 

development, with consequences for survival of larvae and recruitment to adult populations 

(see Marteinsdottir and Begg 2002; Gagliano and McCormick 2007).  

• The ovarian organisation development and mode of spawning (asynchronous batch 

spawner or group-synchronous batch spawner) in dusky flathead requires further 

investigation.  Future studies should evaluate oocyte size-frequency distributions (Murua 

and Saborido-Rey, 2003) and conduct laboratory experiments to evaluate the frequency of 

spawning events in captive fish for the duration of a spawning season. Qualitative 

observations of dusky flathead ovaries in the present study revealed two distinct populations 

of oocytes: a group of small, undeveloped oocytes, and a group of much larger (>400 ųm), 

developed oocytes. This observation is consistent with group-synchronous ovarian 

development summarised by (Murua & Saborido-Rey, 2003). Therefore, dusky flathead 

ovarian development organisation was considered group–synchronous for purposes of 

estimating fecundity in this study. This mode of development means that a single cohort of 

eggs are developed prior to, or early in the spawning season and that batches of eggs are 

released from this cohort.  Pollock (2014) reported various size-classes of oocytes in 

spawning dusky flathead and similar to the present study noted a group of smaller diameter 

oocytes, 150 – 250 ųm, and a group of oocytes with larger diameters, mostly 450 – 600 ųm. 

Cottier (1999) found similar ovarian development in toothy flathead, (Platycephalus 

aurimaculatus); a group of smaller diameter oocytes, 150 – 250 ųm, and a group of oocytes 

with larger diameters, mostly 450 – 600 ųm.  Conversely,  Gray and Barnes (2015) suggest 

that dusky flathead have asynchronous oocyte development, based on histological sections, 

but did not report oocyte size-frequency. Bani et al. (2009) suggested that sand flathead 

(Platycephalus bassensis) display asynchronous ovarian development (Bani et al., 2009). 
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• Length-at-50% maturity of females requires further investigation. Our estimate of 

length at 50% maturity for female dusky flathead in Victoria (328 ± 24 mm SE) is 

substantially smaller than the L50 estimated from a previous study in New South Wales (568  

± 6 mm; Gray and Barnes, 2015). The discrepancy in L50’s estimated for female dusky 

flathead between Victoria and New South Wales may be due to methodological differences 

between studies, or due to biological differences between populations.  We utilised the same 

macroscopic staging methodology and histological verification approach as Gray and Barnes 

(2015), but our analysis was restricted to the middle (Nov.-Jan.) of the spawning season. 

Maturity analyses conducted in New South Wales examined ovaries that were sampled 

during all months of reproductive activity, which could lead to individuals being mis-classified 

as ‘immature’ if they develop later in the spawning season.  Further length-at-maturity 

analyses conducted across multiple years and areas in Victorian waters, calibrating maturity 

classification methods across states, and examining the potential differences in seasonal 

timing of spawning in different size-classes of fish may help explain the discrepancy in size-

at-maturity between New South Wales and Victoria.   

Conclusion 

Contrary to various studies which suggest that larger, older females contribute 

disproportionally to fish stocks, dusky flathead egg quality and relative fecundity did not 

change with body size. Based on these results alone, management of dusky flathead 

fisheries could focus solely on maintaining viable levels of spawning stock biomass without 

regard to body size or related age-structure.  However, the implementation of a slot limit in 

Victoria is a fisheries management approach which generally results in greater numbers of 

fish harvested and more trophy fish available in the fishery compared to other size-based 

restrictions.  Additionally, large females and the maintenance of a more natural age-structure 

have been shown to contribute to populations in many other ways, not measured here, and 

these factors may have important implications for maintaining stock resilience.  
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Appendices 

 

Appendix 1. Right-skewed distribution of fecundity estimates in dusky flathead 

collected from Mallacoota Inlet and the Gippsland Lakes between November 

2014 and January 2015. 
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Appendix 2. Generalised linear mixed effects models for relationships between 

weight, and various egg quality indicators of female dusky flathead caught 

between November 2014 and January 2015 from Mallacoota Inlet and the 

Gippsland Lakes.  Statistical values represent the estimates fitted to TL since 

month was not significant in any of the models. Location was incorporated as 

a random effect. 

 

Egg quality indicators Value SE DF t-value p-value 

Lipid concentration  

Total lipid conc. mg/g 

   

49 

 

-1.93 

 

0.06 -0.09 0.04 

Total lipid conc. whole ovary  0.86 0.07 49 12.50 <0.0001 

Fatty acids      

DHA conc. mg/g -0.19 0.09 49 -2.02 0.04 

EPA conc. mg/g -0.14 0.08 49 -1.86 0.07 

ARA conc. mg/g  -0.001 0.10 49 -0.03 0.98 
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Appendix 3. Mean fatty acid composition for major individual fatty acids (mean 

area % of total fatty acids wm ± standard deviation) in total lipid of dusky 

flathead ovaries. 

Fatty acid Mean % composition ±S.D 

14:1 

14:0 

i15:0 

a15:0+15:1 

15:1 

15:0 

16.4 

Other1 

16:0 

16:1w9c 

16:1w7c 

16:1w7t 

16:1w5c 

16:1w13t 

16:0 PA 

Other2 

Br17:1 

i17:0 

17:2+Other3 

17:1w8c+a17 

17:1w6 

17:1 

17:0 

Other4 

0.02 

1.35 

0.09 

0.08 

0.04 

0.91 

0.02 

0.25 

0.16 

0.72 

6.60 

0.00 

0.21 

0.03 

16.80 

0.74 

0.08 

0.35 

0.24 

1.69 

0.14 

0.10 

1.13 

0.13 

0.01 

0.34 

0.06 

0.04 

0.03 

0.41 

0.02 

0.11 

0.06 

0.17 

0.94 

0.00 

0.04 

0.01 

1.12 

0.17 

0.05 

0.05 

0.21 

0.55 

0.07 

0.02 

0.32 

0.07 
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18:2a 

18:2b 

18:2c+i18:0 

18:2w6 LA 

18:3w3 ALA 

18:1w9c OA 

18:1w7c 

18:1w7t 

18:1w5c 

18:1 

18:0 SA 

19:5 

19:3 

19:2 

19:1 

20:4w6 ARA 

20:5w3 EPA 

20:3w6 

20:4w3 ETA 

20:2 

20:2w6 

20:1w11c 

20:1w9c 

20:1w7c 

20:1w5c 

20:0 

C21PUFA1 

C21PUFA2 

0.31 

0.50 

0.23 

1.37 

0.47 

9.48 

4.06 

0.05 

0.17 

0.02 

6.96 

0.79 

0.30 

0.31 

0.46 

3.59 

7.79 

0.22 

0.39 

0.15 

0.27 

0.29 

0.29 

0.27 

0.04 

0.12 

0.10 

0.08 

0.09 

0.15 

0.09 

1.17 

0.15 

1.32 

0.39 

0.02 

0.05 

0.03 

0.69 

0.41 

0.13 

0.10 

0.10 

0.90 

1.17 

0.07 

0.09 

0.06 

0.08 

0.08 

0.07 

0.13 

0.04 

0.05 

0.10 

0.05 
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C21PUFA3 

21:5w3 

21:0 

22:5w6 

22:6w3 DHA 

22:4w6 

22:5w3 

Furan FA 

22:1w11c 

22:1w9c 

22:1w7c 

22:0+C23PUFA 

23:0 

24:6w3 

24:5w3 

24:1w11c 

24:1w9c 

24:1w7C 

24:0 

 

0.06 

0.33 

0.03 

1.18 

21.98 

0.69 

3.11 

0.48 

0.12 

0.14 

0.18 

0.13 

0.02 

0.04 

0.02 

0.04 

0.39 

0.04 

0.06 

 

0.04 

0.12 

0.04 

1.94 

4.26 

0.21 

0.87 

0.18 

0.08 

0.06 

0.08 

0.07 

0.01 

0.04 

0.01 

0.01 

0.06 

0.01 

0.02 
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Appendix 4.  Monthly percent composition of reproductive stages in female dusky 

flathead (n=412) from Mallacoota Inlet and the Gippsland Lakes from November 2014 

– January 2015. 
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