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1. To undertake over a two year an investigation of age, sexuality, reproduction, stock 
structure, and seasonal abundance key target species - threadfin (Polydactylus 
sheridani and Eleutheronema tetradactylum ), grunter (Pomadasys lwakan), and jewfish 
(Nibea squamosa and Protonibea diacanthus) - from Queensland inshore gillnet fishery 
in eastern Gulf of Carpentaria waters. 

2. To detem1ine and compare within this timeframe the geographic differences in life cycle 
details for the species on the major fishing grounds along the Queensland Gulf coast. 

3. To develop a protocol for the long-term monitoring of catches and fishing effort for these 
species on the eastern Gulf coast fishing grounds. 

4. To make this infom1ation available for consideration in the review of the Queensland Gulf 
Inshore Fishery Management Plan. 

NON TECHNICAL SUMMARY: 

The biological and harvest characteristics of the most economically important fish species in 
Gulf of Carpentaria inshore waters are poorly documented. Along with the barramundi Lates 
calcarifer, these species - the king salmon Polydactylus sheridani , the blue salmon 
Eleutheronema tetradactylum, the black jewfish Protonibea diacanthus, the jewelfish Nibea 
squamosa, and the golden grunter Pomadasys kaakan - have been fished extensively by 
commercial, recreational and indigenous sectors of the industry. 

Evidence from gillnet and line catches in the early 1990s and from commercial logbooks 
suggested that fishing pressure, especially in southern Gulf fishing grounds, was effecting 
local stocks of these fish. A review of cm.Tent fishery management arrangements undertaken 
for the development of a new Gulfinshore Fishery Management Plan has highlighted the lack 
of basic biological i.nfom1ation available for the species, the un .... la1own status of the stocks 
involved, and the urgent need for more detailed catch statistics to define their harvest. 

A collaborative research project was developed to address these concerns, involving three 
agencies from the Queensland Department of Primary Industries Fisheries Group. The 
primary objectives of the project were to establish a baseline level of knowledge of age, 
growth and reproduction in the key species from various parts of the Gulf of Carpentaria, and 
to develop procedures for long-tem1 monitoring of catches and fishing effort for these species 



iu,_v'1,H«.L<VH on stocks is an important component 
management strategies to maintain fisheries at population structure 
key target species in inshore as by electrophoretic studies of 
specimens from the various Gulf fishing grounds, suggests that localised exist, with 
restricted distributions. Additional analyses are required to confinn this biogeography, and to 
define stock boundaries. 

Age and growth determinations of the key Gulf species were undertaken to provide length-at­
age infonnation and growth parameters. Golden grunter, blackjewfish and jewelfish appear 
to be long-lived species, while the threadfin salmons, confirn1ed as protandric hermaphrodites, 
were represented in net catches by a very few year classes. Complementary assessments of 
reproduction showed that peak spawning times of the key species occurred during winter or 
spring months. The Gulf fishing closure period in summer , an intervention that was 
instituted to protect spawning barramundi stocks, does not provide the same protection for the 
other highly valued components of the catch. The sizes ( and ages) of the Gulf species when 
they become capable of spawning, as established in this study, gives rise to concern about the 
biological relevance of present minimum legal size measures in the management of these 
species. 

During the lifetime of the project, results have been drawn upon to assist the Queensland 
Fisheries Management Authority with the development of a new Fishery Management Plan 
for the Gulf inshore fishery. The minimum legal size already in place for golden grunter was 
derived directly from this research. The project's major recommendations include the need 
for long-tenn on-going evaluation and monitoring of Gulf fish stock status and condition, and 
the urgent need for detailed species stock assessments. 

KEYWORDS: Tropical inshore finfish, giUnet fishery, biology, harvest 
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tvfanagement interventions the net fisheries have been towards the barramundi 
Lates calcarifer component of (Healy 1990), and include a cessation fishing 

species is breeding, various fishing gear restrictions, and limited entry provisions. 
Management mTangements pertaining to each fishery are detailed a Fishery Management 
Plan, and these are reviewed every five years. The QFMA introduced a new East Coast Set 
Net Fishery Management Plan in 1992; an-angements for the Gulf Fishery are currently under 
consideration. The reviews have highlighted some fundamental problems in the resource 
database. 

Firstly, little biological infonnation is available for the estuarine finfishes (other than 
barramundi) that are a major component of catches from tropical Queensland. These include 
two tl1readfin species (Polynemidae) several different grunters (genus Pomadasys) and a 
variety of jewfish (Sciaenidae). Formerly discarded, such species have become more 
economically significant to fishers and are not regarded as bycatch but as significant 
components of a multi-species fishery (Russell 1988). AH of these species are keenly sought 
by recreational fishers, and are important food items for coastal indigenous communities in 
Cape York Peninsula. 

Despite the high level of fishery interest, life cycle details are almost completely lacking for 
the non-barramundi catch. Recent research on the king salmon Polydactylus sheridani in the 
Northern Territory (Griffin 1990) has demonstrated that, coincidentally, management 
measures introduced to sustain barramundi might also be appropriate for this threadfin. For 
the remaining species, the absence of comparable essential biological infonnation has 
severely disadvantaged proper consideration for them in the management process. 

Secondly, monitoring of commercial barramundi catches in the southern Gulf of Carpentaria 
revealed that fondamental changes have occmred over a time when overall fishing effort 
declined markedly (WiHiams 1992). Other fish families, where sex change is commonly 
featured in the life cycle, are well represented in the inshore catches ( eg. the polynemids 
Polydactylus sheridani and Eleutheronema tetradactylum ), but their status over time has not 
been documented. 

A number of workers have examined the hermaphroditic reproductive strategy m1d in 
particular the impact of exploitation on economically and recreationally important species 
such as the groupers (Serranidae; Smith 1982). Computer simulation has been used to 
investigate the potential effect of such reproductive strategies on responses to exploitation of 
populations (Bam1erot 1985). Static and dynamic models predicted maturation at a smaller 
size ( early sex change) as a compensation for exploitation by enhancement of reproductive 
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reproductive strategy, then 
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Whether similar changes in size, age or sex structure for barramundi or other gillnetted 
species were occurring elsev.rhere in Gulf of Carpentaria waters was unknown, as no 
comparable long-term biological data were available. The introduction of a fishery-wide 
monit01ing program was required to detennine trends in resource condition. If the biological 
evaluations were to be supported by site-specific data on fishing activity, then initial 
information requirements could be met for establishing sustainable levels of exploitation for 
key species in the major Gulf fishing grounds. 

A clear priority was indicated, then, for prescriptive investigations which would not only react 
to cmTent fishery concerns, but address future potential problems and provide an informed 
basis upon which to offer future management advice. 

The project team brought together expe1iise in catch data collection and analysis, age 
determination and reproductive biology, and population genetics. Communication networks 
already developed in the Gulf were available to deliver the level of industry involvement 
required for successful outcomes. While the research study was to be focused on the Gulf 
fishe1y, there was a strong expectation that the results would have direct relevance to coastal 
gillnet fisheries elsewhere in tropical Australia. 

1.2 NEED 

Achieving responsible and sustainable use of fishery resources requires the integration of 
several elements: detailed biological infonnation and harvest statistics; an understanding of 
the dynamics of the resource in relation to fishing pressure and other impacts; and an ongoing 
evaluation ofresource status and condition. 

The project detailed in this report responded to the concerns of resource managers and 
resource users, by providing basic biological information and complementary fishery catch 
statistics for key Gulf inshore fish species in a time-line set by the Queensland Fisheries 
Management Authority's Fishery Management Plan review agenda. Existing management 
measures for the inshore fishery have been predicated only on what was considered 
appropriate for barramundi ( eg. Glaister et al. 1988). However, sustainable use of the 
resource demands that due consideration is given to the other target species as well as the 
interactions caused through seasonality, changing target catch mix, and gear selectivity. 
Provision of biological and fishery descriptors for the resource is the essential first step in this 
more comprehensive and analytical approach to managing the multi-species Gulf inshore 
fishery. 
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1.3 OBJECTIVES 

The aim of the project was to establish essential biological and harvest information which 
would facilitate the management of Queensland Gulf of Carpentaria inshore fish stocks. The 
project concentrated on five tropical fish species which, after barrarnundi, are the most 
important components of the Gulf inshore net and line fisheries. 

The project proposal submitted to the Fisheries Research and Development Corporation 
sought funding from the Queensland' Trust Account for a five year period. Subsequently, the 
Corporation approved funds from the General Account for a two year period only (from May 
1993 to June 1995). Project objectives were revised to meet this altered timefrarne, and 
emphasised establishing baseline biology of major target species and developing systems for 
monitoring fishery performance and resource status. After June 1995, longer-term fishery 
impacts on the target species mix could be assessed in a subsequent exercise, subject to FRDC 
support. 

Revised objectives for the initial phase of project operations as approved by the Corporation 
in February 1993, were set out in the project documentation as follows: 

1. To undertake over a two year period an investigation of age, sexuality, reproduction, stock 
structure, and seasonal abundance of key target species - threadfin salmon (Polydactylus 
sheridani and Eleutheronema tetradactylum ), grunter (Pomadasys kaakan), and jewfish 
(Nibea squamosa and Protonibea diacanthus) - from the Queensland inshore gillnet fishery 
in eastern Gulf of Carpentaria waters. 

2. To determine and compare within this timefrarne the geographic differences in life cycle 
details for the species on the major fishing grounds along the Queensland Gulf coast. 

3. To develop a protocol for the long-term monitoring of catches and fishing effort for these 
species on the eastern Gulf coast fishing grounds. 

4. To make this information available for consideration in the review of the current Gulf 
fishery Management Plan. 

Financial support from FRDC for Project 92/145 ceased on 30 June 1995. Funds were 
allocated by the Queensland Fisheries Management Authority for the twelve month period 
July 1995-June 1996, to maintain data outputs from the Gulf fishery monitoring programs and 
to continue technical inputs from core project staff to the Authority's deliberations on Gulf 
inshore fishery management issues. 

1.4 RESEARCH RESPONSIBILITIES 

Three laboratories from the Queensland Department of Primary Industries, Fisheries and 
Forestry (QDPI) were involved in this collaborative project. While all these agencies were 
geographically remote from the Gulf of Carpentaria, their recent history of involvement in 
particular aspects of tropical fish research, different skills bases, and logistic considerations 
determined the responsibilities given to each agency in the project. An outline of the project 
responsibilities and associated lead investigators is given in Table 1.1. 
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analyses 
stock genetics 

Norihem 

Northern Fisheries Centre, Cairns 

Southern 
Brisbane 

Fisheries Centre, DrC P Keenan 

various project elements are presented in this document as sectional reports from the 
relevant task leader. The Principal Investigator, Mr RN Garrett of Northern Fisheries Centre, 
Cairns undertook the duties of general project co-ordination. 
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Government m 1980 
1984). Until the late 1980's the logbooks were returns, and were used for 
entitlement retention by individual operators on satisfying a catch and 
minimum effort applied to this fishery. The suite of logbook records from 1981 to 1996 are the 
longest continuously running data set for any Queensland commercial fishery. The logbook 
program has been regularly updated since inception, with each change striving for greater 
refinement in the data being collected. These updates have stemmed from the need for 
increasingly detailed analyses for fisheries management. 

Perhaps the most significant change to the program has been the method used to register 
logbook returns. In 1989, with the introduction of the Queensland Commercial Fishe1ies 
Infom1ation System (CFISH) logbook, registration changed to recording the activities of boats 
operating in the fishery from the earlier system where operators (master fishers) reported fishing 
activity. In addition, the method of recording the days fished changed. Under the 1981-1988 
logbook system, operators reported monthly fishing activity, for example, as the number of days 
fished each month. With the CFISH introduction (Anon 1989), boat owners were required to 
record the days when fishing activity occurred. In practice, fishers recorded the days when fish 
were caught. From 1992, boat operators were required to record activity for each and every day 
indicating whether fishing or other activities occmTed. This approach was taken by the CFISH 
manager to ensure greater accuracy in recording fishing effort. 

Four large location grids were defined (Quinn 1987) for the Queensland Gulf of Carpentaria 
coastline in the 1981 logbook (see Figure 2.7). In 1985 the Gulf was classified into 10 smaller 
grids and from 1989, 30 nautical mile grids were introduced to the Gulf as part ofCFISH. Then, 
in 1992, six nautical mile grids as a subset of the CFISH grids were introduced. Fishers also 
have the facility to record latitude and longitude of their daily fishing position. 

As a condition of licence, Gulf fishers must forward their logsheets each month to the 
Queensland Fisheries Management Autho1ity (QFMA) in B1isbane, where the data are entered 
into the CFISH database. Lag between receipt by the QFMA and entry into the database is 
minimal, with most data entered within one month of receipt Data entered includes fishing 
location, catch weight by species and the gear used, all by date. Routine range checks are applied 
at entry with the data ently operators instructed to advise the logbook coordinator of any 
"strange" information on the logsheet. The logbook coordinator contacts the fisher for 
clarification about these queries. 

CFISH is the primary source of information about the Gulf Set Net Fishery. As such, 
considerable emphasis is placed on info1mation being returned to the commercial fishers who 
operate in the fishery. The feedback has three positive influences on the logbook program: 
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was tested by ""''v'J";U. 

Following some to the draft document, 
to the Gulf fishery for the 1994 year. 

2.2 SPECIFIC OBJECTIVES 

aim of this Section of the project was to develop a monitming and reporting system 
that would provide an enhanced level of information for development of sensible 
management plans for the Gulf fishery, and that would achieve a high level of compliance 
amongst the Gulf fishers. 

There were three objectives for this initiative: 

1. To profile the conunercial fishery in terms of total catch, the catch of keynote species, effort, 
number of participants, gear used and species composition of the catch; 

2. To develop and introduce a new fisher-friendly logbook for Gulf operators that was easy to 
use and maximised detailed catch and effort recording for fishery status assessment; 

3. To provide enhanced resource condition and trend information to industry and fishery 
managers. 

Routine commercial fisher data collection in Queensland does not document the number or size 
of fish being harvested. The implementation of this element within CFISH provides significant 
additional information for fishery participants in understanding the dynamics of the fishery, and 
also paves the way for stock assessments of keynote species. 

The fish species addressed in this report were put forward in consultation with industry, being 
those inshore species on which fishers planned to concentrate their effort (in addition to 
barramundi). It is acknowledged that since the project was undertaken, sharks (Carcharhinidae) 
and mackerels (Scombridae) have become a commercial focus, especially for a developing 
fishery in more offshore Gulf waters. Infonnation is lacking about the relative abundance of the 
inshore and offshore stocks that are being exploited in the Gulf net fishery. 

Future fishery monitoring exercises that make use of the baselines established in this project can 
help ensure that Gulf Fishe1y Management Plans meet their goals for sustainable resource use 
and industry viability. 
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copy of CFISH "Net 
appears in the Attachments 
developed in this project. 

Crab" logsheet 
(see Section 2.6), as 

was used in Gulf Fishery until 1993 
as of copy new logbook sheet 

After preliminary design of the new logsheet, comments and suggestions for improvement were 
sought from the users of the sheets. Three groups consulted in the matter were: 

1. Eight volunteers in the Gulf fishery trialed the logbook during September and 
October of the 1993 fishing year. These volunteers were fishers who submitted 
logsheets regularly and were chosen with advice and help from the executive of the 
Karumba Branch of the Queensland Commercial Fishermen's Organisation (QCFO) 

2. CFISH manager, QFMA 
3. Data entry operators at QFMA. 

Only slight modifications were needed to the draft logsheet design after an extensive review of 
its perfom1ance with the volunteer fishers and the QFMA data entry operators. Concurrently, 
the CFISH manager organised the programming and testing for a new data entry screen in 
CFISH so that the full suite of infonnation collected could be entered into the CFISH database. 

At the start of the 1994 Gulf of Carpentaria fishing year, each of the Gulf fishery endorsement 
holders were issued with the "research" logbook, together with supporting letters from QFMA 
and QDPI. Members of the Kammba QCFO Branch Executive urged their membership to use 
the new format. 

2.3.2 Data extraction and conditioning procedures 

Data are extracted from the CFISH database using standardised SQL scripts. Unidentified daily 
fisher records are extracted.. The file extracted is conditioned with ACCESS scripts so that 
integration with the Gulf data sets from 1981 to 1988 is easily achieved. 

CFISH holds data from 1989 onwards for the Gulf Set Net Fishery. The fishery information 
from the yea.TS prior to 1989 is held on a separate PARADOX database. The results from the 
two data sets are integrated through packages such as EXCEL. There are several constraints that 
apply to using the integrated data sets which are an artefact of the changes in details collected 
since the logbook program commenced. 

7 



confidentiality 
ownership of fishery endorsements 

in the analysis of returns from that have 
reported landing barramundi from 1989 onwards are included. boats fished in the Gulf for 
species other ba1Tamundi, and were excluded from the present analysis of the Gulf Set Net 
Fishery. 

Thirdly, the 1981-1988 data set recorded effort as the number of days in the month when fishing 
occurred, i1Tespective of the species caught From 1989 onwards, the information provided 
directly by CFISH reports the days fished per boat by species. Consequently, manipulation of 
the CFISH data must be carried out to make data from the various data sets compatible. 

When undertaking specific species analysis using the 1981-1995 data set, the constraints for the 
1981-1988 data need to be considered, that is, catch rate by species is monthly data for fishing 
effort, irrespective of whether that species is caught on every fishing day or not. Because 
barramundi is the species of major focus in this fishery, it seems reasonable to assume that it 
would be generally targeted. With species of lower market interest, caution is required with the 
interpretation of the effort measures and catch rates. 

The CFISH information allows computation of species-specific catch rates which reflect the 
daily catch for the species of interest. If the species of interest is taken as incidental catch to, for 
example, ba1Tamundi, the effort expended in doing so should be calculated from the total days 
fished by the boat as well as from the number of days on which the species was caught 
compared to the main target species. 

2.3.3 Reporting to fishers and managers 

A key feature of the Gulflogbook system is the reporting process in place to convey information 
to the fishers in the Gulf of Carpentaria. The Karumba Branch of the QCFO holds two key 
meetings each year, the Mid Year Meeting in July and the Annual General Meeting in 
November. Generally, both written and verbal reports about perfom1ance and status of the Gulf 
Set Net Fishery are presented at these meetings by QDPI and QFMA officers. 

The briefing reports aggregated data on Gulf fishery activity and harvest as well as catch rate 
trends for major target species on the fishing grounds. Often, vigorous debates occur about the 
results presented at the meeting and the interpretations placed on the info1mation. A most 
important concept emphasised at the meetings is that the infonnation being presented is the 
fishers' data analysed so that they can view what is happening in their fishery. This notion has 
two imp01iant effects. Firstly, fishers are made very aware that their data are being analysed 
and, secondly, the fishers are encouraged to provide their data on a regular basis and as precisely 
and accurately as is reasonably possible. 
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The QFMA fishery manager for the Gulf Set Net Fishery attends these meetings. The manager 
commissions separate analyses and briefings on specific topics as required. 

2.3.4 Accounting for target fishing in fishery logbook analyses 

Discussion with operators in the fishery suggests that fishers focus their activities where 
experience and/or conditions give a hlgh probability of catch. This implies that in a specific 
location, certain gears are deployed to catch the expected species in that location. It is a mute 
point whether or not the fishers are targeting a given area or a certain species. There is a need 
to evaluate critically measures of catch and effort in consideration of stock abundance from 
logbook data. This issue in the Gulf fishery is currently being addressed by personnel 
engaged in FRDC Project 95/049: "Tropical Resources Assessment Program". 

Defining fishery effort in a mixed species fishery does present problems (and opportunities). 
Information collected through the Gulf logbook program must be seen as being "census" data, 
and that appeared to be the most suitable approach for this project. Two methods were 
employed in defining fishery effort in the Gulf inshore set fishery. Firstly, effort as days 
fished per boat was used for the complete data collection period from 1981. Then from 1989 
onwards it was possible to report on the number of days on which a particular species was 
landed, as well as the days fished per boat. Future analyses of the Gulf fishery data set will 
incorporate both approaches. 

2.4 RESULTS 

2.4.1 Overview of Gulf Set Net Fishery 

2.4.1.1 Whole of Gulf Fishery 

Total annual catches of all species declined from about 1,600 tonnes (t) whole weight in 1981 to 

- Barramundi WWWKing Salmon - Blue salmon I 
i:====i Other -Total effort 

I r;2000 

§1500 
g 
'51000 . ';;; ·u 

500 

N ~ ~ 00 0 N ~ 
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20000 
~ 

1500© 
~ 

Figure 2.1 Total catch and effort for the Gulf Set Net 
Fishery 

about 900t in 1995, as shown in Figure 
2.1. There are two phases to this decline. 
From 1981 to 1985, annual catch was 
about 1500t, then it declined to about 900t 
in 1989 and apart from inter-year 
variability has remained at about this level 
ever since. The 1995 total catch was about 
42% of the 1981 total catch. 

The highest barramundi catch recorded 
was in 1981 at about 820t. The catch then 
declined to about 500t in 1988, and since 
then has been about 350t per year. Over 
the same period, the king salmon catch 
fell from about 500t in 1981 to about 300t 
in 1991 and then further declined to about 

220t per year. Blue salmon catch was lowest in 1981 with 46t, peaked at about 90t in 1987 and 
has been maintained thereafter at about 55t per year. 
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Barramundi typically account for about 46% of 
the total yearly catch, king salmon 28%, blue 
salmon 5% and a variety of other species 21 %. 
There is substantial variation in the percentage 
contribution between years as can be inferred 
from Figure 2.1. 

Figure 2.1 also shows the yearly effort as total 
days fished. Total effort declined from 1about 
23,000 days in 1981 to about 12,000 days of 
fishing effort in 1995, a reduction of 45%. 

The "other" species referred to in Figure 2.1 
include shark, Spanish mackerel, grey mackerel, 
jewelfish, grunter, jewfish, and mud crabs. Figure 
2.2 shows the differences in the catch of the main 
"other" species for 1989 and 1995. 

Dramatic increases in harvest of shark and grey 
mackerel of around 1000% have occurred from 
1989 to 1995, while Spanish mackerel, queenfish 
and catfish harvest increased by about 300%. 

Shark 

Mackerel-

Grey 

Mackerel-

Spanish 

Crab- Mud 

Jewel fish 

GrW1ter 

Queenfish 

Jew fish 

Catfish 

[a 1989 1111995 

0 50 100 150 

Annual Gulf catch (tonnes) 

Jewelfish was not reported in harvests in 1989, Figure 2.2 Changes in catch of "other" species from 
1989 to 1995 

although it is possible this species was included in 
the jewfish category. Grunter and mud crab harvest doubled during this period. Only the catch 
ofjewfish appears to have declined between 1989 and 1995. 

Mean daily catch rate of all Gulf species caught 
was about 70 kg per day for the boats that landed 
barramundi, as is shown in Figure 2.3. The plot of 
catch per fishing day for all species for the Gulf 
Set Net Fishery shows no significant upward or 
downward trend over the 15 year period. 
However, there is considerable inter-year variation 
around the trend line. 

The number of fishers operating in the fishery has 
declined since 1981. A maximum of 172 fishers 

100 ----------

50 -
= 0.4373x + 69.023 

25 

operated in the Gulf in 1982, which fell to 109 Figure 2.3 Trends in catch rate for all species 
combined 

operators in 1988. The method of logbook 
recording then changed emphasis to boats operating in the fishery. In 1989 there were 98 boats 
sending logbook returrJs which reduced to 89 boats in 1995. 
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Figure 2.4 Trends in catch and effort per boat 
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were 
on number 

of boats operating and the number 
of in the in 1987 
and 1988. 

Average yearly total catch (whole weight) per operator or per boat was highest in 1985, at 
almost l 4t Catch per boat per year has averaged between 9t to 11 t the last few years. 

In 1981 an average of about 150 days were fished per year per operator, while in the early 1990's 
about 120 days were fished per year. The most active year was 1986 with about 180 days fished 
per operator. The mean number of days fished per boat per year represents on average, about 
60% of total fishing time available in each fishing year. 

There is a very strong correlation between total catch and total days fished in the Gulf as is 
shown in the regression equation 

Total catch (kg)= 65.97 * Days Fished+ 95564, 

with an :r2 of 0.85. The slope of the regression is highly significant (P ::;; 0.001 ). Data used for 
the regression were the yearly means. This equation allows prediction of likely catch for a given 
level of effort with a high degree of confidence. 

Distribution of total catch by boats 
operating in the fishery in 1995 is shown 
in Figure 2.5. This year represents the 
most recent completed year of fishing 
information and the distribution is 
somewhat similar to that for the last four 
years. Catch categories, apa1t from the 
0.5t group, which has a range from more 
than zero to less than one tonne, are the 
weight categories shown plus or minus 
one tonne. 
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Mean total catc 

Catch category (t) 

Figure 2.5 Distribution of boat total catch in 1995 

In 1995, 89 boats reported operating in the fishery. About 50% of the boats landed 9t or less, 
compared with the mean catch of about 11 t per boat. Modal catch is within the 14t to 16t catch 
range, with about 13% of the boats in this group. 
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accounted 14% of 2.6 Distribution of boat effort in 1995 

effort. Most boats fished between 80 to 220 days in 
about 150 days per boat. 

2.4.1.2 Gulf regional fisheries 

1995 fishing year, for a mean effort of 

Four grids are used to describe regional perfonnance within the Gulf Set Net Fishery (see Figure 
2.7). 

Grid A covers the northern part of the Gulf on the western side of Cape York Peninsula. The 
grid essentially extends from Cape York (10°30'S) south to Pera Head (13°S). It is fished 
mainly by boats operating out ofWeipa. About 20% of the Gulf Set Net fishery fleet use these 
waters. 

Most G1id B boats use Karumba as their home port. The coastline in this grid extends south 
from Pera Head (13°S) to about the Nassau River (16°S). There are substantial coastal holdings 
held by Aboriginal communities in this area with some rivers closed to net fishing. About half 
the Gulf fleet fishes in this area. 
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Figure 2.7 Map of Gulf of Carpentaria 
four fishing grids. 

total Gulf catch is shown in 
Figure 2.8. From 1981 to 1995, 
Grid C provided about 46% of 
the total annual catch while Grid 
B provided about 34%. Grids A 
and D together produced about 
20% of the total catch. 
Consequently, most of the 
analyses in this section will 
concentrate on catches from 
Grids B and C. 

the 

C covers south-eastern comer 
Gulf, a..'1d extends Nassau 

It is arguably the most remote area 
fishery in the Gulf and about 20% of the fleet 
fishes these waters. 

\\lhile B and Grid C are the Gulf areas 
where most fishing activity occurs, there is 
considerable movement of vessels between 
grids throughout the fishing year. 

The relative contribution from each grid to the 

Grid C's contribution to total 
Gulf landings has declined from 
about 60% in the early 1980' s to 
around 40% in the 1990's. At 

81 83 85 87 

Year 

89 91 93 95 

Figure 2.8 Proportion of total catch by Gulf Grid 
the same time, Grid B as a 
proportion of total catch increased from about 25% to about 40%. 

There is a very strong correlation between 
fishing effort for a fishing year ( expressed as 

Table 2.1 Grid catch and effort estimators 

Days Fished (DF)) and total catch for the same _I_te_m ___ R_e.::;.g_re_s_si_on ___ R_S_q..:..u_a_r_e _P_v_a_lu_e_ 

year ( expressed as kg per grid) for both Grids B Grid B 61.96*DF + 70043 0.6 1.lOE-03 
Grid C 66.32*DF + 19120 0 9 1 77E 07 and C as shown in Table 2.1. The slope in · · -

both regressions (DF) is highly significant. The regression for Grid Chas a better predictor of 
total catch than has Grid B. 
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Grid B averaged about 15% of 
total annual catch ( about 
68t/year) while blue salmon catch 
averaged about 3 % ( about 
14t/year). 
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Figure 2.9 Total catch and effort for Grid B 
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Grid B effort in 1981 and for each year from 1989-1995 was about 5,000 fishing days per year. 
Highest effort occurred in 1983 with about 8,000 days of fishing. Mean yearly catch rate for 
Grid B for the entire period was 77 kg/day with considerable inter-year variation (58 to 
101 kg/day/year). 

Figure 2.10 shows the results for Grid C. 
Total annual catch for all species declined 
by almost half, from about l,OOOt in 1981 
to 550t in 1995. 

During the 15 years, barramundi 
comp1ised about 36% of total yearly 
landings of all species from Grid C. This 
is lower than the mean of 4 7% for the 
whole Gulf. In Grid C, king salmon 
averaged almost 40% of the total catch 
compared to the Gulf average of 28%. 
Blue salmon provided about 5% of the 
total catch in Grid C. 
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Figure 2.10 Total catch and effort for Grid C 
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During this time, Grid C effort as days fished per year fell from almost 16,000 days in 1981 to 
5,000 days in 1995, a drop of almost 66%. The mean catch per day per year for G1id C was 
73 kg/day, with considerable inter-year variation (62 to 99 kg/day/year) 
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2.4.2 Species Harvest Profiles in the Gulf Set Net Fishery 

1.4.2.1 Barramundi (Lates calcarifer) 

The Gulf Set Net Fishery places great emphasis on the barramundi component of net catches as 
this species draws highest market price. 

-Ill-Barra catch/day ..... Barra catch/fisher 

81 83 85 87 89 91 
Year 

Figure 2.11 Barramundi catch rates for the Gulf 

-Ill-Barra catch/boat 

93 95 

In Figure 2.11, two measures 
of catch per· unit of effort 
(CPUE) are used to examine 
barramundi catch throughout 
the Gulf Catch per day is the 
total catch made by all 
operators for a year divided by 
the total days fished by these 
operators in that year. Catch 
per operator per year or catch 
per boat per year shows the 
average barramundi catch as 
tonnes per year for each 
operator in the fishery. 

The mean catch rate for 
barramundi caught from 1981 to 1995 was about 33 kg/day, with no significant upward or 
downward trend over time. Catch of barramundi per operator or boat per year varied between 
4.5 and 6 t/year, with a slight downward trend in barramundi landings per boat of about 250 kg 
per year from 1984 until 1992 when mean boat landings were about four tonne. 
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The importance of each grid as a 
production area for barramundi is 
not uniform. Figure 2.12 shows the 
percentage contribution made by 
each grid to the total barramundi 
production from the Gulf. The 
annual mean percentage 
contribution from Grid A is 3%, 
Grid B is 46%, Grid C is 38%, and 
Grid Dis 13%. 

Grids B and C make the greatest 
contribution to the Gulf barramundi 
catch. The lowest contribution was Figure 2.12 Proportion of barramundi landings per Gulf grid 
about 28% in any one year and the 

greatest contribution was almost 60% from one of these grids in any year. From 1983 onwards, 
Grid Chas consistently produced one third (33%) of the Gulfbarramundi production, and Grid 
B has produced about 45%. In 1981 and 1982, Grid C produced more than half of the Gulf 
barramundi catch. 
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1989 to a low of 36 kg/day in Figure 2.13 Barramm1di catch rate trends for some Gulf grids 

1983. Grid C highest catch rate 
was in 1991 at 40 kg/day, and the lowest annual catch rate was 15 kg/day in 1993. 

2.4.l.2 King Salmon (Polydactylus sheridani) 

The Gulf of Carpentaria king salmon 
fishery in mainly concentrated in the 
southern areas of the Gulf. Annual 
production has declined dramatically, 
as illustrated in Figure 2.14, from 
about 500t in 1981 to about lOOt in 
1995, a drop of 80%. 
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Grid C dominates king salmon 
production with about 70% of Gulf 
landings, while Grid B produces 
about 18% of the annual catch. The 
catch in Grid A averages about 1.5% 
of total Gulf king salmon catch, 
while Grid D contributes about 9% 
of Gulf king salmon landings. 

Figure 2.14 Catch of King Salmon by Grid 

t.O 
Ol 

From 1981 to 1995, total effort as days fished had almost halved in the Gulf, from 22,000 
fishing days in 1981 to about 11,000 fishing days in 1995. By 1995, Grid C total fishing effort 
had halved compared to the 10,000 fishing days in 1981. This effmi measure incorporates the 
total days fished by all boats dming the year, whether or not king salmon was landed. The effort 
in 1995 was 70% of the effort in 1989 using this measure. 

When days on which this species were landed is used as an effort measure as derived from 
CFISH, effort has declined from about 4,500 days in Grid C in 1989 to about 2,700 days in 
1995, about 60% of the 1989 value. 
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rates are 

catch rate 1 and 1 
with a return catch rates 
from 1993. Grid B catch rate 1s 

about half of the Grid C catch rate. 
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Salmon catch rates in Grids B and C 
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The blue salmon fishery is also 
concentrated in the southern part 
of the Gulf of Carpentaria. Total 
mean catch over the 15 years has 
been about 60 tonne each year, 
and as such is an impmiant but 
incidental component of the Gulf 
fishery complex. Since 1989 blue 
salmon catch has declined to about 
50t per year as is shown in Figure 
2.16. As with king salmon, the 
catch in 1995 was low compared 
with other years in the data set. 

Figure 2.16 Blue salmon catch by grid 

95 

G1id A produces only a small proportion (3%) of the Gulf blue salmon catch, G1id C typically 
produces about 60%, and G1ids B and D each produce about 18% of the annual landings. 

Catch rates for Grids B, C and D for 
blue salmon are shown in Figure 
2.17. These catch rates are based on 
when the total days fished is used as 
the effort measure. Grid B and C 
catch rates follow a similar pattern 
for the same years, although Grid C 
catch rate (4.5 kg/day) is generally 
about twice that of Grid B 
(2.5 kg/day). Grid D catch rate 1s 

extremely vaiiable between years ai1d 
exhibits two distinct peaks in 1988 
and 1994. These peaks are followed 
by a dramatic decline in catch rate the 
next year. 
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Figure 2.17 Blue Salmon catch rates for Gulf Grids B, C and D 
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Figure 2.18. Grid C, 
for each of the 

years, reported jewelfish landings on about 
20% days on which fishing occmTed. 

Mean yearly catch rate for jewelfish is shown 
in Figure 2.19 for Grids B, C and D. The catch 
rates shown are those for when the fish were 
caught, rather than against the total days fished. 
Mean annual catch rate for the days on which 
the fish were landed is about 25 kg. 

2.4.2.5 Grun.ta (Pomadasys kaakan) 

The Grunter fishery is mainly 
concentrated in the southern part of the 
Gulf as is shown in Figure 2.20. The 
proportions of total catch from Grids B 
and C are relatively similar over time, 
with Grid B catch about two thirds of 
Grid C catch. Annual catch is quite 
variable ranging from 7t to 18t and is less 
than 3% of the total Gulf set net fishery 
landings. 

As with jewelfish and jew:fish, grunter 
tends to be taken as incidental catch 

~ 

.c 
{) 

ro 
0 

30 

1991 1992 1993 1994 1995 

Year 

figure 2.18 Jewel catch for Gulf Grids 
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Figure 2.19 Jewel catch rate for Gulf Grids 
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Figure 2.20 Grunter catch for Gulf grids 
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when 

rate for grunter is calculated using 
days fish were caught 

15 kg. 

2Ao2,6 Jew.fish 

J ewfish are also kept as incidental catch 
to the major species harvested. Grid C is 
the major producer of jewfish for the 
seven year data series derived from 
CFISH. 

There has been a dramatic decline in 
jewfish catch from 37t in 1990 to about 
6t in 1994 (Figure 2.22). The reason for 
this decline is not clear. 

The catch rate for the days on which 
jewfish were landed remained about the 
same (see Figure 2.23) , but the days on 
which the jewfish were caught declined 
from about 1700 days per year in 1989 
and 1990 to about 250 days in 1994 and 
1995. 
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2.21 Grunter catch rate by Gulf Grid 
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Figure 2.22 Jew catch by Gulf Grids 
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Figure 2.23 Jew catch rates for Gulf Grids 

19 

l{) 
0) 
0) 



more detailed · 

Table 2.2 catch and mean fish size 

1Annual 
I' Catch 

(t) 

Barramundi 380 

Salmon 220 2.84 ·-----..... 2051 25486 

are the mean Blue Salmon 55 1.20 824 l 3650 

by each fisher for each Jewe!fish 12 1.lO 166 2944 

fishing day. Conditioning of the data Grunter 15 l.30 662 7859 

was required to exclude which gave unreasonable size estimates, less than one 
percent of the data available needed to be excluded from the analysis. Fish numbers were 
recorded on about one third of all days when the species were landed. 

Data for 1991 to 1995 were used to estimate the annual total catch for the Gulf, and 1994 and 
1995 data were available for fish size calculations. Fish size was calculated from daily 
records of the number of fish caught and the weight of catch for the species. 

Effects of increasing mesh size on mean fish weight is 
shown in Table 2.3. The mesh size categories are 
indicative only, because fishers reported the mesh size 
either from centre of knot to centre of knot or the 
escapement gap. The mesh sizes used in this analysis 
define the main mesh sizes used in the Gulf. In spite 
of the limits that can be placed on the results shown, a 
clear picture generally is presented with larger fish 
being taken in larger gill net mesh sizes. 

Table 2.3 Mesh size effect on fish size (kg) 
by species 

I 150 165 180 
Species mm mm mm 

mesh mesh mesh 

Barramundi 3.11 3.44 3.79 

King Salmon 2.81 2.47 3.95 

Blue Salmon l.03 l. l 5 l.54 

Jewelfish 0.80 l.90 l.20 

Grunter l.50 1.20 1.30 

It is recognised that the selectivity of gillnets can influence estimates of parameters of 
biological processes derived from fishery data. Only an approximation is currently available 
for the form of the net selectivity curve, and its relationship to the various mesh sizes in use. 
Further dete1mination of the selectivity curve is an objective proposed for follow-up studies in 
the Gulf fishe1y. Tidal influences on net mesh performance would need to be established, and 
this is likely to be quantitatively difficult. 

Mean fish size infonnation about a species caught with particular fishing gear only describes 
part of the picture about that species. In the following paragraphs, barranmndi is used as a 
case study and similar descriptions can be developed for other species. 
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Modal weight for 
barramundi. for the three 
most common mesh sizes, 
of 150, 165 and 180 mm, 
are 2.75, 3.25 and 4.25 kg 
respectively as shown in 
Figure 2.24. 

Seasonal effects on fish 
size can also be 
documented usmg a 
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Barramundi size groups <kg> similar approach of mean, 
modal and distribution 
analysis for each of the 
species reported here. 

Figure 2.24 Distribution of barramundi fish size affected by net mesh size 

2.4.4 Acceptance of the new logbook 

A precursor to the "research" logbook was tested by eight volunteers who provided fish number 
data for 1993 using the standard CFISH logbook. These preliminary results were presented to 
Gulf fishers at the Kammba QCFO Branch Annual General Meeting in 1993 to illustrate the 
ease of collecting the additional data and its value for resource management considerations. 
Support from the volunteers who had trialed the logbook helped ensure its acceptance by Gulf 
fishers. 

In both 1994 and 1995 about 50% of boats voluntarily provided fish numbers data with the catch 
information in the new logbooks. This group generally operated for 30 more days and caught 
about two tonne more product than the group who did not provide the additional information. 
Interestingly, catch rates overall were similar at about 80 kg/total days fished. The same fishing 
grounds were used by both groups. 

In 1994, 45% of fishers did not provide any fish numbers information while 38% of the fleet 
reported fish numbers caught for 70% or more of the days fished. The 1995 figures were 
slightly less, with 65% of the fleet not providing any fish number information and 32% of the 
fleet reporting fish numbers caught for 70% or more of the days fished. In both years the 
numbers of active participants greatly exceeded the initial expectations which were for about 
15% of the fleet to be regularly involved in providing enhanced fishery information. 

As one would anticipate, attitudes to logbooks and recording catch varies enormously among 
individual fishers. There are those that are comfortable completing detailed logbooks and there 
are those that find it very difficult to complete even the simplest of catch recording systems. 

Discussions with the fishers that are comfortable with using the new logbook suggest that they 
find no difficulty providing the level of detail required, and some volunteer to provide even 
more information. However, discussions with fishers that are not comfortable with the new 
logbook requirement for additional information still agree that the data sought is a reasonable 
request. Some fishers are unable to give accurate records of the numbers of fish because the 
catch recording system they use on board has not yet been adapted to do so. Increased liaison 
with these fishers may speed the rate of adoption of new practices. 
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new 

to comment on the 

QFMA has developed an consultative process for the development of 
management plans for fisheries throughout Queensland. .Arrangements for the Gulf fishery are 
considered by the Tropical Finfish Management Advisory Com .. rnittee the Gulf Zonal 
Advisory Committee. Thrnugh QDPI representation and the Gulf fishers on these committees, 
other sector representatives on these committees are made aware of the data collected from the 
commercial sector, the analyses earned out on the data, and how this information is being used 
in Gulf Set Net Fishery management. 

It is highly likely that a similar version of the logbook developed in this project will be 
introduced into the East Coast Set Net Fishery within the foreseeable future to provide the 
greater level of detail required to manage this fishery more effectively. Some modifications may 
be made to the logsheets to meet local requirements but the essence of collecting the additional 
information about fish numbers as well as more detailed location and effo1i information will 
apply. 

The data collected in the new system is being used to help assess resource condition and trend in 
the Gulf Set Net Fishery as part of the Queensland Government's responsibility to ensure that 
natural resources are managed in an ecologically sustainable way. The additional level of detail 
available enables analyses to be undertaken which provide higher levels of confidence in the 
assessments made about the fishery. 

Commercial fishery logbook records are one of the sources of info1mation used by managers, 
scientists, and the participants to describe what is happening in a fishery. The level of detail 
recorded may vary considerably. In a fishery such as the Gulf Set Net Fishery, where individual 
fish have quite a high unit value ( each barramundi is worth, on average, around $20 to the fisher) 
recording the numbers of fish caught can be accomplished with little extra effort. This 
additional data collection con1plements other fishery-dependent and fishery-independent 
infonnation used to define the dynamics of the fishery. 

In Queensland, commercial fishers have a legal obligation under their fishing authorities to 
provide logbook infmmation in the fonn required by the QFMA. The Gulf Set Net Fishery 
logbook now gives fishers the oppmiunity to provide an enhanced level of information about 
their activities not available in the "standard" logbook. About 90% of the Gulf fishers 
submitting logbook returns have given information on the numbers of barramundi caught in 
1996, and about 70% reported the numbers of other species caught. 
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The new Set logbook system 

logbook compliance 
on 

and 
participants to understand the of demands being placed on 

inshore fishery resources. analyses of data provided the commercial 
fishers, when integrated other infonnation, provided input into the 
development of management plans that are directed towards resource sustainability in 
remote area fishery. 

As a result of the information provided by fishers in the logbook program, changes have already 
been made to the management practices in the Gulf Set Net Fishery (A.11.on 1996a). These 
include changes the timing of fishing closures, an increase in allowable mesh size of gill nets 
so that larger fish are harvested reducing the potential for recruitment overfishing, and reducing 
the quantity of net that can be used in ce1iain fishing areas. These changes are part of the 
QFMA's new Gulf Fishery Ivfanagement Plan, and came into force in October 1996. 

The "research" logbook introduced in 1994 has, in 1996, become the standard logbook used in 
the Gulf of Carpentaria Set Net Fishery. Consequently, fishers are now required to document 
fish numbers from their catches, as well as the other logbook information. The CFISH logbook 
coordinator advises that almost all fishers are now providing fish numbers information. 

The results presented for the Gulf fishery have been noted by industry and managers in other 
inshore net fisheries on the east coast of Queensland. There is an urgent need to obtain 
enhanced information for these fisheries that can better assist in the development of management 
plans appropriate to the needs of the fisheries. 

The fifteen year data set available for the Gulf fishery shows that major changes have occurred 
over this period. There has been a steady decline in the number of operators and in the total 
effort (measured as days fished) for the fishery. At the same time, neither mean yearly effort per 
boat nor mean total catch per boat has altered dramatically. Part of the explanation for the fall in 
numbers of units operating in the fishery is due to the method of recording fishing operations. A 
change in the method occurred in 1989 when logbook entries \Vere associated with the boat 
rather than the fisher. As well, discussions with industry participants suggests a decline 
occurred in the number of effective fishing operations. Various scenarios have been canvassed 
as to why this decline occurred. Possible alternatives included the change in age structure of 
fishers operating in the fishery, and the level of profitability of the individual fishing operations 
causing some operators to minimise their time in the fishery. Determining the causes will 
require further research. 

The issue of latent effort in the Gulf fishery has been raised by fishery managers during the 
project. Unused fishing time resulting from a failure to fish 365 days in a year is often viewed as 
latent effort. Discounting for compulsory closed fishing seasons reduces the available fishing 
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incomes and managing 
for the Gulf Set 

~U >.~iio,LUL effort 
number 

of 

level of inherent variability in catch catch rate characterises fishery. This 
has led to conservative policies in management for this fishery. The additional information 
collected with the new logbook system, when considered in with the other fishery­
dependent infonnation, has enabled finn recommendations to be made in fisheries management 
procedures. The effects of these initiatives will be assessed using infonnation to be collected in 
the logbook progran1. 

The integration of fishery-dependent infonnation from the various sources has a synergistic 
effect in achieving an understanding of this complex fishery. Each component only provides 
part of the picture but together, they provide a strong base on which to build effective fishe1y 
management plans. 

The new logbook system developed for the Gulf Set Net Fishery has set a challenge to other 
fisheries in Queensland to match the information that must be provided for sustainable fisheries 
use. 
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populations to a level vvhere recrnitment cam1ot sustain 
to the can as occ1med in the 1970's with 

Atlantic herring Clupea harengus (see Utter 1991). The ability of biochemical genetic data to 
clmify fish population structures and to improve prospects for the success of fishery 
management regimes is now widely demonstrated ( eg. Allendorf et al. 1987). Allozyme 
electrophoresis remains the most appropriate procedure for investigating population 
structure, because of the method's cost-effectiveness, e2,.se of application, and capability to treat 
large sample sizes (Utter 1991). Other molecular procedures may be applied in complementary 
fashion when protein electrophoresis cannot adequately resolve or identify differences among 
groups (Utter and Ryman 1993). 

Within this setting, the present allozyme-based study was designed to provide information on 
the population structure of five species - black jewfish (Protonibea diacanthus); blue salmon 
(Eleutheronema tetradactylum); golden grunter (Pomadasys kaakan); King salmon 
(Polydactylus sheridani); and jewelfish (Nibea squamosa) - harvested in the Queensland Gulf 
of Carpentaria inshore gillnet fishery. Shaklee et al (1993) and Keenan (1994) have 
demonstrated a structuring of barramundi Lat es calcarifer populations in the Gulf of Carpentaria 
region. More recent investigations (Keenan, unpublished) have provided greater definition of 
the barramundi stock structure in Queensland Gulf \Vaters, and this information is summarised 
below. 

Barramundi stock structure for western Cape York Peninsula region 

In the most recent genetic study of barramundi from western Cape York Peninsula, Keenan 
(unpublished) found that more than half of the total genetic diversity could be attributed to the 
difference between two extensive populations, one in the south-eastern Gulf and a second along 
the north-east Gulf coast. From the closely spaced samples available, the boundary between the 
two stocks was clearly mapped to a 50km wide geographic feature, Pera Head (13° S),just south 
of the northern Gulf port of Weipa. This prominent stock boundary, where significant 
differences were found at six of thi1ieen loci examined, must be attributed to a discontinuity in 
migration ( of larvae, juveniles and/or adults that survive to contribute to the breeding 
population) around this barrier. Statistical details of these results are given in Table 3.1 and 
summarised in Figure 3 .1. 

The general fish stock structure in the Gulf of Carpentaria was established during major 
migrations of estumine species into the Gulf of Carpentaria which commenced about 12 000 
years ago with the flooding of the area after the end of the last ice age (Keenan 1994). Keenan 
proposed the formation in the Gulf of a zone of hybridisation between barramundi populations 
derived from both the east and the west coasts of Australia. The present study, which examined 
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Figure 3.1 
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Cluster analysis using unweighted pair group method of barramundi 
sample collections from the western Cape York Peninsula coast of the 
Gulf of Carpentaria. 
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significant inshore fish species. 
applications to research fund providers 
delineation in the main target species is critical 
management approaches for the Gulf fishery. 

3.3 MATERIALS AND METHODS 

3.3.1 Sample collection and preparation 

I 

140°E 

Gulf 

of 

Carpentaria 

Albert/Le1Chhardt Rs 

u;) 
. 
Burketow1f 

\ 

Mll-ehell R 

Staaten R 
GilbertR 

Smithburne R 
Karumba 
Nonnan R 

~ Flinders/Bynoe Rs 

Queensland 
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Coral 

Sea 

Tully e 

Kilometres 

levels of stock 
vVllC>HJ_\J!,O_LH.HI of stock-by-stock 

150°E 
10°s 

20°s 

Figure 3.2 North Queensland, showing Gulf of 
Carpentaria river systems sampled. 

Samples of filleted fish were collected by project staff or supplied by volunteer fishers for river 
systems along the central and south-east Gulf of Carpentaria coastline (Figure 3.2). From these 
processed carcasses or frames, small ( < 5 g) samples of muscle, liver and eye tissue were 
dissected and packed into individual plastic bags and frozen for transport to the Southern 
Fisheries Centre. Upon anival at the laboratory, samples were kept at -30°C until preparation. 
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The tissue samples were sub-sampled by placing approximately 1 gram of tissue into a labelled 
vial with a few drops of O.lM tris-HCl pH 7.0 buffer (Selander et al. 1971). The vials were 
centrifuged at 15,000 rpm for 15 minutes at 4°C in a microfuge to obtain a concentrated tissue 
extract (Keenan and Shaklee 1985). The labelled vials were then stored in an ultrafreezer at 
-70°C until electrophoresis. 

Horizontal starch gel and polyacrylamide electrophoretic methods followed those of Shaklee and 
Keenan (1986). Starch gel moulds were modified after Aebersold et al. (1987). Starch gels 
consisted of l 0% w/v hydrolysed potato starch. The locations of the enzymes in the gels after 
electrophoresis were observed using the histochemical staining procedures of Shaklee and 
Keenan (1986) and Aebersold et al. (1987). 

Locus nomenclature followed that of Allendorf and Utter (1979) where multiple loci encoding 
functionally similar proteins were designated numerically, starting from the cathodic end of the 
gel. Alleles were designated by their electrophoretic mobility relative to the mobility of the most 
common allele, which was designated as "100". Those in the cathodal region were preceded by a 
negative sign. Enzyme abbreviations, recommended names and Enzyme Commission numbers 
were in accordance with guidelines set forth by the IUB Committee on Enzyme Nomenclature 
(Anon. 1984). 

Without precise knowledge of Mendelian inheritance through breeding studies, the genetic 
nature of protein variants can be assessed following the guidelines of Grant (1985) and 
Richardson et al. (1986): 1) the banding patterns should be consistent with analogous genetic 
variation in other teleosts; 2) banding patterns should match the predicted quaternary structure of 
the protein in the heterozygote condition; 3) no unexpected phenotypes should be expressed; 4) 
when a gene is expressed in more than one tissue, variant phenotypes should be the same among 
tissues; and 5) samples should conform to Hardy-Weinberg equilibrium in a majority of the 
samples. 

3.3.2 Statistical procedures 

Statistical tests were conducted using log-likelihood ratio (G) tests in preference to chi-square 
tests, because the G statistic and the degrees of freedom for individual loci are completely 
additive (Sokal and Rohlf 1981). The microcomputer program, "Genes in Populations", 
designed by B. May and C.C. Krueger and written in C by W. Eng (May and Krueger 1990) was 
used for these tests.. Each locus was tested for conformance of genotypic counts to 
Hardy-Weinberg equilibrium for individual collections as well as for pooled samples. In cases 
where one or more genotypes were uncommon, they were pooled with other uncommon 
genotypes to yield expected cells of five or more wherever feasible. 

Spatial differentiation was analysed by comparing adjacent populations for statistical 
differences. When not significantly different (P > 0.05 over all loci), adjacent collections were 
pooled and another round of tests conducted, until all tests resulted in significant differences. In 
cases where sample sizes were inadequate to resolve differences (n<50), adjacent samples were 
pooled to perform these tests. To account for multiple tests of the same hypothesis, differences 
between collections were considered significant only if the total G statistic (summed over all 
loci) was significant at a level a.0.05, adjusted by the method of Cooper (1968), where a.0.05 = 
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and n is 
statistic. 

RESULTS 

Table Electrophoretk samples pooled by locality. 

Locality 
Black 

Jewfisb 
1. Burketown 27 16 43 
2. Western Gulf 6 
3. Flinders/Bynoe Rs 58 70 15 
4. NormanR 42 46 105 
5. SmithbumeR 7 3 53 
6. StaatenR 30 12 37 
7. Mitchell R 12 4 15 
8. Weipa 3 
9. Cairns ( east coast) 3 4 
10. Tully (east coast) 

TOTALS 185 151 275 

3.4.1 Screening for polymorphic loci 

Blue 
Salmon 

24 
15 
63 
39 
22 
2 
l 

21 
55 

242 

King 
Salmon 

59 
38 
3 
5 
5 

20 
1 

14 
145 

A total of 998 samples of the five species under examination (king salmon, blue salmon, 
jewelfish, black jewfish and golden grunter) were collected for genetic studies in the period 
April 1993 to December 1995. The total number of samples for each species from each locality 
is listed in Table 3.2. These samples represent a unique and useful collection, which has been 
used to deten11ine the genetic variation in each species and to identify those loci which are 
polymorphic for use in stock structure anaiysis. All samples prepared for electrophoresis remain 
stored in an ultrafreezer at -70°C. Under these conditions it is expected that their enzyme activity 
will be maintained for well over one year. 

In only a few Gulf fishing grounds, such as the Norman River and the Flinders/Bynoe Rivers, 
were sample sizes adequate (>80 individual fish, preferably closer to 100) for precise stock 
delineation purposes. In general, low sample numbers from many locations caused an 
insufficiency of data for dete1mination of detailed stock structure. However, by pooling 
collections on a locality basis (Table 3.2) to increase sample sizes, stock structure analyses for 
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Neverll1c:1es:s. the results obtained caimot be used immediately 
.n.uun,i. some evidence stock structure at a tm::,aai::r 

on 

3.3). 

Eight polymorphic loci were identified blue salmon, Eleutheronema tetradactylum. 
Overall sample heterozygosity at these loci was moderate with H = 0.123. Over all 
populations, there was considerable observed heterogeneity (P<0.001) which was primarily 
based on significance at the tri-peptidase P-LGG (leu-gly-gly) locus (P<0.0001) but also at the 
FDH (P<0.005) and EST-E (P<0.01) loci. Allele frequencies for P-LGG for the Norman River 
(Gulf) and Tully area (Queensland east coast) populations were almost the inverse of those 
from adjacent populations. Tests of Hardy-Weinberg equilibrium of this locus for these two 
populations were significant, with under-reporting of heterozygotes. The actual basis for this 
result could not be detem1ined by the present study but deserves further inquiry. In genetic 
terms it is most likely the result of a Wahlund effect (Wahlund 1928) which is the mixing of 
two distinct populations in the sample collected from the one location. Additional dedicated 
sampling around the locations concerned might reveal the basis for this apparent discrepancy. 

Pairwise tests of adjacent populations of blue salmon (see Appendix for full details) also 
displayed significant differences. The genetic distance of the two Queensland east coast 
collections from the Gulf of Carpentaria collections exceeded twice the genetic distance that 
was observed between Gulf blue salmon populations. The large frequency differences at the 
P-LGG locus in the Norman River and Tully collections means that these populations and 
those adjacent are significantly different (P<0.0001). The Norman River sample was 
significantly different from both the Flinders/Bynoe Rivers sample and the Smithburne River 
sample. The Tully sample was significantly different from the Cairns sample at two loci, 
P-LGG and ADA. 
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Table 3.3 

Locus 

AAT-1 

AAT-2 

AAT-3 

ACP 

ADA 

ADH 

AH-l 

AH-2 

AK 

ALAT-l 

ALAT-2 

ALAT-3 

CK 

CK-C 

EN0-2 

EST 

EST-D 

FBALD 

FDH 

FH 

GAPDH-1 

GAPDH-2 

G3PD!-l 

GPl-l 

GP!-2 

HK 

lDDH 

!DH 

LD!-l-A 

LDH-C 

MOH 

MDHp 

MP! 

PEP-LG 

PEP-LGG 

PGDH 

POK 

PGM 

SOD-1 

SOD-2 

TP! 

XDH 

TOTAL 

? ~0 uncertain if the locus is 

,~,;u,ucvw.~v.u of polymorphic loci 
a lLrnited nmnoi;;r 

yes or no; YESx2 = more than one n<>11vrr1nnc;n 

nrn,,n,n,,.,,.. for the small number of animals examined; all buffer 

as detailed in Shaklee and Keena.'1 

are 

tissue Blue salmon Jewelfish Golden grunter 

L 

M 

M 

L 

L 

L 

L 

M 

UM 

L 

M 

L 

M 

E 

M 

E 

L 

M 

L 

L 

MIL 

UM 

M 

M 

M 

LIM 

L 

M 

M/E 

E 

M 

M 

M 

L 

L 

M 

MIL 

M 

L 

E 

L 

L 

42 

TM 

TM 

CAME 

TC-l 

CAME 

TC-! 

TC-1 

CAME 

TM 

TM 

TM 

CAME 

CAME 

EBT 

PAGE 

EBT 

CAME 

TM 

TM 

CAME 

CAME 

CAME 

CAME 

CAME 

TM 

EBT 

CAME 

PAGE 

PAGE 

CAME 

CAl\1E 

TM 

TM 

CAME 

TM 

CAME 

CAME 

TC-l 

PAGE 

CAME 

CAME 

No TM No 

No TM No 

No TTvi No 

No CAME No 

YESx2 TC-1 YES 

YES EBT YES 

No TC-1 No 

No TC-! No 

No CAME No 

YES TM No 

No TM No 

No TC-! No 

No CAME No 

'/ CAME o 

No TCJ YES 

YES PAGE No 

No EBT No 

No CAME No 

YES EBT No 

No TM No 

No CAME No 

No CAME No 

No CAME No 

YES TC-! YES 

YES TC-1 YES 

No TM No 

No EBT No 

No CAME No 

No PAGE No 

No PAGE No 

No CAME No 

YES TM No 

No TM No 

YES TM/Poul No 

YES ? ? 

No TM No 

No CAME No 

No TC-1 (YES) 

No TC-1 No 

No PAGE No 

No CAME? No 

No CAME No 

12 5 (+l) 
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TM 

TM 
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TM 

TM 
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CAME 
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EBT 

PAGE 

EBT 
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TM 
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CAME 

TM 
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TM 
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CAME 

PAGE 
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CAME 

TM 
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CAME 
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CAME 

CAME 

TM 
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CAME 

No 

No 

No 

No 
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No 
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No 

No 
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No 
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YES 

No 
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No 
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No 

No 
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No 
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No 

No 
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No 

No 

No 

No 
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3.4.3 King salmon 

Eleven polymorphic loci were identified in the king salmon, Polydactylus sheridani, which 
displayed the highest sample heterozygosity (H=0.313) of the five species examined. Average 
sample size of each population for this species was only n=28.8. Despite this low sample size, 
a contingency test of all data was significant (P<0.01) with four loci showing significant 
differences, ADA-2 (P<0.0001), MDHp (P<0.0001), PEPLG (P<0.025) and P-LGG 
(P<0.0005). These large differences were mainly attributed to differences between the Weipa 
and the Tully collections (P<0.001) at two'loci MDHp (P<0.0001) and P-LGG (P<0.005). In 
pairwise tests of adjacent populations, the ADA locus was significantly different between the 
Flinders/Bynoe Rivers and the Norman River collections (P<0.0005) and between the Norman 
River and the Weipa collections (P<0.001). However, over all loci these locations were not 
significantly different. Four loci varied from Hardy-Weinberg equilibrium but in only one 
case, FDH in the Norman River sample, was the test valid. 

3.4.4 Black jewfish 

Only five polymorphic loci were found in the black jewfish Protonibea diacanthus. Overall 
sample heterozygosity at these loci was also quite low (H = 0.076) and therefore the statistical 
tests had little power. This was compounded by generally low sample sizes. Further, 
comparisons with the east coast populations could not be considered valid because of the 
small number of samples in the Cairns collection. All loci were in Hardy-Weinberg 
equilibrium. A contingency test of all loci over all populations was not significant suggesting 
homogeneity. Comparisons of adjacent collections revealed only one significant test at a 
single locus; for the test between the Flinders/Bynoe Rivers and the Norman River 
populations at the ADA locus. When all loci were considered, no significant difference was 
observed between these two populations. No other statistical test of the data collected for this 
species yielded a result of significance. Increasing the sample sizes (and perhaps identifying 
additional polymorphic loci) would increase the power of the tests and likely determine if this 
app.arent uniformity of population structure is biologically accurate or merely a statistical 
artefact from a restricted database. 

3.4.5 Jewelfish 
The jewelfish or purple jewfish, Nibea squamosa, displayed the second highest sample 
heterozygosity (H=0.187) and the highest number of polymorphic loci (14) of the five species 
examined. However, only the Flinders River/Bynoe River collection was sufficiently large 
(70 samples) to provide accurate gene frequency data. Three tests of Hardy-Weinberg 
equilibrium were significant but these tests were not valid because expected values were less 
than five in all cases. A contingency test of all data was not significant despite three loci 
showing significant differences, ADA (P<0.025), EST-D (P<0.05) and PEPLG (P<0.005). 
Where adequate sample sizes were available significant differences were observed in pairwise 
tests. Significant differences were observed between collections taken from three adjacent 
fishing grounds - the Flinders River/Bynoe River, the Norman River, and a pooled population 
from the Smithbume/Staaten and Mitchell Rivers. The Flinders/Bynoe and Norman samples 
were different at three loci (ADA, P<0.05, FDH-2, P<0.05 and PEPLG, P<0.05) and overall 
loci tested (P<0.05). The Norman River sample and the pooled sample from the 
Smithbume/Staaten and Mitchell Rivers were also different at two of these three loci (ADA, 
P<0.025 and FDH-2, P<0.05) as well as EST-D (P<0.025) but not overall. Increased sample 
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this project (Sections 4 and 5) have confinned that several sciaenid species are 
'jewelfish'. The samples likely to have come from another species were deleted from analyses 
of N. squamosa. 

Golden grunter 

For golden grunter, Pomadasys kaakan, eleven polymorphic loci were identified with an 
average H=0.074 across these eleven loci. Three tests of Hardy-Weinberg equilibrium were 
significant but the tests were not valid because expected values were less than five in all cases. 
A contingency test of all data was not significant despite two loci showing significant 
differences, ADH (P<0.0005) and GPI-2 (P<0.025). Where adequate sample sizes were 
available significant differences were observed in pairwise tests. The east coast Cairns sample 
was significantly different (P<0.01) from the Staaten River sample primarily because of very 
large frequency differences at the ADH locus (P<0.0001). As with jewelfish (see above) 
significant differences were observed between all three adjacent collections from the Norman, 
Smithburne and Staaten Rivers. The Nonnan and Smithburne River samples were different at 
two loci (ESTD2, P<0.025 and GPI-2, P<0.001) and overall (P<0.05). The Smithburne and 
Staaten River samples were also different at these two loci (ESTD2, P<0.01 and GPI-2, 
P<0.025) but not overall. Increasing the sample sizes for these two populations may help 
clarify this situation. 

3.5 DISCUSSION 

A summary of sample collection and genetic statistics for each species is provided in Table 
3.4. It is clear that the mean sample size for each population, which varies from about 30 to 
40, is inadequate to define closely related populations. However, even with these relatively 
small collections, there is indication of significant population differentiation at both the 
macro-scale (east versus western Cape York Peninsula) and also at the micro-scale between 
adjacent river systems. At the macro-scale, the observed differences in three of the four 
species (blue salmon, golden grunter and king salmon) with a genetic distance of more than 
0.09, are far greater than that observed for Gulf ba1Tamundi populations (genetic distance of 
0.05, Keenan unpublished). This result suggests that these species are likely to have a much 
more distinct population structure than that found in the barramundi populations from the 
region. 
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level of population differentiation in a range of inshore fish species is surprising in 
an area as apparently homogeneous as the south-east Gulf of Carpentaria. Unfortunately, few 
species life history details are available to con-oborate the distinctive nature of the river 
systems and the fish stocks they support. Movement and migration infonnation, as revealed 
by intensive tagging studies, is absent for all Gulf inshore fish species other than ban-amundi. 
The findings of barramundi tagging programs by CSIRO (Davis 1984) and QDPI (Garrett 
1992) broadly suppo1i the stock strncture identified by Keenan (1994) and Keenan 
(unpublished). It is possible that increasing the sample size of the non-ban-amundi species 
might diminish the level of population differentiation established above. Precise knowledge 
of the spawning localities for these species could help to explain the differences observed in 
this study, but again such infom1ation is not yet available. 

Table 3.4 Summary statistics of genetic variation in five species from the Gulf of 
Carpentaria inshore gillnet fishery. [ns - not significant, **P<0.01, 
***P<0.001]. 

Species mean poly Ht Fst total G, df, Rogers' (1972) 
number loci significance genetic distance 

E-W 

Blackjewfish 37 5 0.076 0.023 28.6, 32, ns 0.049 
Blue salmon 39 8 0.123 0.171 257.2, 60, *** 0.096 
Golden grunter 39 11 0.074 0.178 151.9, 120, ns 0.091 
Jewelfish 37 14 0.187 0.034 89.2, 60, ns na 
King salmon 28 11 0.313 0.062 139.6, 52, ** 0.164 

Two other cun-ently operational research investigations should provide a contextual 
assessment of the species stock structure established for eastern Gulf waters. Griffith 
University (Brisbane Qld) PhD student Stephen Chenoweth is examining mitochondrial (mt) 
DNA variation in barramundi, blue salmon and King salmon from both Queensland and the 
N01ihern Territory, and will access material from the FRDC project. Chenoweth's program 
should provide significant comparative data to the electrophoretic study, and will therefore be 
useful in defining clearly the stock structure of the species involved. As well, the Northern 
Territory Department of Primary Industry and Fisheries has commenced an investigation of 
inshore fish stock structure in the western area of the Gulf of Carpentaria as part of its Coastal 
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telescoping of the project down to two years, the collection of sufficient data for all five 
species has been difficult to achieve for two reasons. Firstly the funding was based on known 
costs at the spread over the original length of the project and was not increased to cater 
for the much more intensive workload; and secondly, the program of dedicated sampling that 
is required for each species, of at least 100 fish from each major location with tissues in 
condition suitable for electrophoresis, has not been completed within the truncated hvo year 
project period. 

Table 3.2 shows where additional collection efforts are required to establish sample sizes for 
precise stock delineation in the five species under consideration. Because the outcomes are 
important for fishery resource management, undertaking the exercise should be accorded a 
high priority. Complementary sampling in adjacent Northern Territory Gulf waters should be 
conducted to broaden the picture and especially to provide definition of stock structure around 
the border coastline. It should be noted that the time-consuming and complex screening of 
each species for genetic variation has been completed in the present study, and polymorphic 
genetic loci and the conditions for eiectrophoresis have been identified. From this point on, 
the treatment and consideration of additional material to the database will be straightforward. 
A complete analysis of electrophoretic data will be attainable when fish sample sizes from 
each targeted location are increased. Only then will the genetic stock structure of these Gulf 
of Carpentaria species be revealed with confidence. 

3.6.2 Priorities for the collection of additional material for genetic analysis 

All species: collection of material from the Smithbume River to Weipa and further north. 
These areas are from either side of the identified barramundi stock boundary at Pera Head. 
All species except blue salmon: a representative sample from the east coast in the 
Cairns/Tully region for comparative purposes. 
All species: additional samples from the western Gulf area, needed to define the western 
extremity of populations. 

Generally, sufficiently large and statistically adequate sample sizes are now available for the 
fish species from the Flinders River/Bynoe River and Nonnan River regions in the central 
section of the eastern Gulf coast. If the sampling strategy indicated above was employed, 
subsequent analysis could compare the western, central and northern (Weipa) Gulf regions 
with each other and also with the east coast. 
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3.7 APPENDIX 

Summarised results for each species 

BLACK JEWFISH 

POP # N NAME 
Pop 1 33 - BURKETOWN;WESTERN GULF, 
Pop 2 49 - NORMAN RIVER;SMITHBURNE R; 
Pop 3 42 - STAATEN RIVER;MITCHELL RIVER; 
Pop 4 58 - FLINDERS/BYNOE; 
Pop 5 3 - CAIRNS-EAST COAST; 

Allele Frequency 

Pop 1 Pop 2 Pop 3 Pop 4 Pop 5 
ADA 

1 0.967 0.867 0.957 0.966 1. 000 
2 0 0.011 0 0 0 
3 0.033 0.122 0.043 0.034 0 

N 30 45 35 58 3 

ADH 
1 0.970 0. 969 0.949 0.966 1.000 
2 0.030 0.031 0.051 0.034 0 

N 33 49 39 58 3 

EN0-2 

1 0.939 0. 929 0.952 0.974 1. 000 
2 0.061 0 .071 0.048 0.026 0 

N 33 49 42 58 3 

GPI-1 
1 0.922 0.904 0.917 0.891 1. 000 
2 0.063 0.096 0.083 0. 091 0 
3 0.016 0 0 0.018 0 

N 32 47 42 55 3 

GPI-2 
1 0.970 1.000 1. 000 1.000 1. 000 
2 0 0 0 0 0 
3 0.030 0 0 0 0 

N 33 49 42 58 3 

Avg Hs 0.088 0.120 0.085 0.076 0 
std err 0.018 0.041 0.025 0.033 0 
Avg Ho 0.093 0.090 0.090 0.060 0 
std err 0.019 0.039 0.027 0.025 0 
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Genetic Diversity 

Locus Ht Hs Ho 
ADA 0.093 0.089 0.089 
ADH 0.057 0.056 0.051 
EN0-2 0.079 0.078 0.067 
GPI-1 0.137 0.134 0 .115 
GPI-2 0.012 0.012 0.012 

Ht Hs Ho 
Average 0.076 0.074 0.067 
Variance 0 0 0 
Std. Err 0.021 0.020 0.017 

Locus Fis Fit Fst G df 

ADA 0.007 0.047 0.039 11. 246 8 ns 
ADH 0.104 0 .113 0.010 1.064 4 ns 
EN0-2 0.134 0.148 0.017 3.314 4 ns 
GPI-1 0.142 0.159 0.020 6.060 8 ns 
GPI-2 -0.031 -0.006 0.024 6.946 8 ns 

Average Fis Fit Fst 
0.096 0 .117 0.023 

Total G df 

28.629 32 ns 

UPGMA using ROGERS (1972) 

Pop 1 33 - BURKETOWN;WESTERN GULF; 
Pop 2 49 - NORMAN RIVER;SMITHBURNE R; 
Pop 3 42 - STAATEN RIVER;MITCHELL RIVER; 
Pop 4 58 - FLINDERS/BYNOE; 
Pop 5 3 - CAIRNS-EAST COAST; 

0.012 0.024 0.036 0.049 
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N Population 
58 - FLINDERS/BYNOE; 
42 - NORMAN RIVER; 

Locus Fis Fit 
ADA 0.030 0.064 
lU)H 0.315 0.315 
EN0-2 0.385 0 .392 
GPI-1 0.383 0.384 
GPI-2 0.000 0.000 

Average Fis Fit 
0.263 0.274 

Total 

Fst G df 
0.035 7.340 2 
0.000 0.002 1 
0. 011 2 327 1 
0.001 2.216 2 
0.000 0.000 0 

Fst 
0.014 

G df 
11.886 6 

Sidak's Multiplicative Inequality at 0.05 
Sidak's Multiplicative Inequality at 0.01 
Poly across pop is 4 

BLUE SALMON 

POP # N NAME 
Pop 1 39 - BURKETOWN;WESTERN GULF; 
Pop 2 63 - FLINDERS/BYNOE; 
Pop 3 39 - NORMAN RIVER; 
Pop 4 22 - SMITHBURNE; 
Pop 5 21 CAIRNS-EAST COAST 
Pop 6 54 - TULLY-EAST COAST; 

Allele Frequency 

Pop 1 Pop 2 Pop 3 Pop 4 
ADA 

1 0.974 0. 960 0. 962 0.977 
2 0.026 0.040 0.038 0.023 

N 38 62 39 22 

ADH 
1 1.000 0.983 1.000 1.000 
2 0 0.017 0 0 

N 38 60 38 22 

EST-D 
1 1.000 0.976 0.987 1.000 
2 0 0.024 0. 013 0 

N 39 63 39 22 

EST-E 
1 0.846 0.774 0.803 0.682 
2 0.154 0.226 0.197 0.318 

N 39 62 38 22 

0. 013 

0.003 

Pop 5 Pop 6 

0.905 0.991 
0.095 0.009 

21 54 

1. 000 1.000 
0 0 
16 54 

0.976 0.981 
0.024 0.019 

21 54 

0.905 0. 913 
0.095 0.087 

21 52 
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FDH 
1 0.949 0 .913 0.910 0.909 0 .971 1.000 
2 0.051 0.087 0.090 0 .091 0.029 0 

N 39 63 39 22 17 53 

LDH 
1 1.000 1. 000 0.987 0.977 1.000 1.000 
2 0 0 0 0 0 0 
3 0 0 0.013 0 0 0 
4 0 0 0 0.023 0 0 

N 39 63 39 22 21 54 

P-LGG 
1 0.145 0.127 0 .577 0.114 0.175 0.824 
2 0.855 0.873 0.423 0.886 0.825 0.176 

N 38 63 39 22 20 54 

SOD 
1 0.983 0.991 0.985 0.975 1. 000 1.000 
2 0 0.009 0 0 0 0 
3 0 0 0.015 0 0 0 
4 0.017 0 0 0.025 0 0 

N 29 58 34 20 14 52 

Avg Hs 0.086 0.113 0.140 0 .117 0.092 0.063 
std err 0.038 0.043 0.062 0.052 0.038 0.038 
Avg Ho 0.072 0.100 0.127 0 .114 0.080 0.040 
std err 0.029 0.036 0.050 0.046 0.030 0.022 

Genetic Diversity 

Locus Ht Hs Ho 
ADA 0.074 0.073 0.077 
ADH 0.006 0.005 0.006 
EST-D 0.026 0.026 0.026 
EST-E 0.295 0.282 0.261 
FDH 0.109 0.107 0 .111 
LDH 0.012 0.012 0.012 
P-LGG 0.440 0.290 0.196 
SOD 0.022 0.021 0.022 

Ht Hs Ho 
Average 0.123 0.102 0.089 
Variance 0.003 0.002 0.001 
Std. Err 0.056 0.042 0.034 

Locus Fis Fit Fst G df 
ADA -0.062 -0.040 0.020 6.601 5 ns 
ADH -0.017 -0.003 0.014 5.365 5 ns 
EST-D -0.021 -0.013 0.008 4.545 5 ns 
EST-E 0.075 0 .115 0.043 16.701 5 P<0.01 ** 
FDH -0.036 -0.013 0.022 17. 072 5 P<0.005 ** 
LDH -0.020 -0.005 0.015 8.407 15 ns 
P-LGG 0.322 0.554 0.342 186.516 5 P<0.0001 **** 
SOD -0.019 -0.008 0.010 12.017 15 ns 

Average Fis Fit Fst 
0.128 0.277 0.171 

Total G df 
257.223 60 P<0.001 *** 
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Hardy-Weinberg 

pop 3 locus P-LGG **Deviation** 
chi 
G 

qenotype 
observed 
expected 

3.923 
3 961 

11 

16 
12.98 

df 
crVal 

12 
13 

19.04 

l 
- 3.84 

22 
10 

6.98 

pop 6 locus P-LGG 1"' Deviation ** 
chi 
G 

genotype 
observed 
expected 

-

-

25.018 
20. 034 

11 

42 
36. 67 

df l 

crVal . 3.84 
12 22 

5 7 
15.66 1. 67 

For P-LGG there is under-reporting of heterozygotes in two populations, both these 
populations are the ones with significant gene frequency changes from adjacent 
populations. 

Tests 

N Population 
63 - FLINDERS/BYNOE; 
39 - NORMAN RIVER; 

Locus Fis Fit Fst G df 

A.DA -0.041 -0.041 0.000 0.004 1 
ADH -0.017 -0.008 0.008 1.976 1 
EST-D -0.020 -0.019 0.002 0.321 1 
EST-E 0.051 0.052 0.001 0.228 1 
FDH 0.001 0.001 0.000 0.004 1 
LDH -0.013 -0.006 0.006 1.931 2 
P-LGG 0.262 0.426 0.222 46.701 1 
SOD - 0. 013 -0.009 0.004 2. 915 2 

Average Fis Fit Fst 
0.104 0.186 0. 091 

Total G df 

54.079 

Sidak's Multiplicative Inequality at 0.05 
Sidak's Multiplicative Inequality at 0.01 
Poly across pop is 8 

44 

0.006 
0.001 

10 

P<0.0001 

P<0.001 



N Population 
39 - NORMAN RIVER; 
22 - SMITHBURNE; 

Locus E'is Fit Fst G df 
ADA -0.03,1 -0.032 0.002 0.232 1 
.i\.DH 0.000 0.000 0.000 0.000 0 
EST-D 0.013 -0.006 0.006 0.899 l 

EST-E 0.060 0.078 0.019 2.172 1 
FDH -0.099 -0.099 0.000 0.000 1 
LDH -0.020 -0.014 0.006 2.937 3 
P-LGG 0.187 0.380 0.237 27.705 1 P<0.0001 
SOD -0.022 -0.015 0.006 2.914 3 

Average Fis Fit Fst 
0.065 0.159 0.101 

Total G df 

36.860 11 P<0.01 

N Population 
21 - CAIRNS-EAST COAST 
54 - TULLY-EAST COAST; 

Locus Fis Fit Fst G df 
ADA -0.096 -0.055 0.037 6. 071 1 P<0.025 
ADH 0.000 0.000 0.000 0.000 0 
EST-D -0.022 -0.022 0.000 0.042 1 
EST-E -0.100 -0.100 0.000 0.028 1 
FDH -0.030 -0.015 0.015 2.853 1 
LDH 0.000 0.000 0.000 0.000 0 
P-LGG 0.581 0.757 0.421 54.318 1 P<0.0001 
SOD 0.000 0.000 0.000 0.000 0 

Average Fis Fit Fst 
0.227 0.426 0.257 

Total G df 

63.312 5 P<0.001 
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UPGMA using ROGERS (1972) 

Pop 1 39 - B1JRKETOWN; WESTERN GULF; 
Pop 2 63 - FLINDERS/BYNOE 
Pop 3 39 - NORMA.N RIVER; 
Pop 4 22 SMITHBURNE; 
Pop 5 21 - CAIRl,TS-EAST COAST 
Pop 6 54 - TULLY-EAST COAST; 
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GOLDEN GRUNTER 

POP # N NAME 

Pop 1 43 - BURKETOWN; 
Pop 2 15 - FLINDERS/BYNOE; 
Pop 3 105 - NORMAN RIVER 
Pop 4 53 - SMITHBURNE; 
Pop 5 37 - STAATEN RIVER; 
Pop 6 15 - MITCHELL RIVER; 
Pop 7 7 - CAIRNS-EAST COAST; 

Allele Frequency 

Pop l Pop 2 Pop 3 Pop 4 Pop 5 Pop 6 Pop 7 
ADH-1 

1 0.919 0.933 0.873 0.826 0.878 1.000 0.143 
2 0 0 0 0 0 0 0. 071 
3 0.070 0.067 0.113 0.141 0.108 0 0.786 
4 0.012 0 0.015 0. 011 0.014 0 0 
5 0 0 0 0. 011 0 0 0 
6 0 0 0 0.011 0 0 0 

N 43 15 102 46 37 1. 4 7 

ALAT 
1 1.000 1.000 0.990 0.991 0.986 0. 967 1. 000 
2 0 0 0.010 0.009 0. 014 0.033 0 

N 43 15 105 53 37 15 7 

EN0-2 
1 0. 965 1.000 0.976 0.990 0.986 1. 000 1.000 
2 0.035 0 0.024 0.010 0.014 0 0 

N 43 1.5 105 52 37 1.5 7 
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ESTDl 
1 0.988 1.000 0.993 1.000 0.972 1. 000 0.929 
2 0.012 0 0 0 0.014 0 0.071 
3 0 0 0.007 0 0.014 0 0 

N 43 15 74 50 36 14 7 

ESTD2 
1 0.881 0.893 0.939 0.990 0.894 0.923 1.000 
2 0 0 0.010 0 0.015 0 0 
3 0~095 0.071 0.046 0 0.076 0 077 0 
4 0.024 0.036 0.005 0.010 0.015 0 0 

N 42 14 98 52 33 13 7 

GPI-1 
l 0.860 0.867 0.857 0.800 u 878 0.857 0.929 
2 0.140 0 .133 0 .143 0.200 0.122 0.143 0.071 

N 43 15 105 50 37 14 7 

GPI-2 
1 1.000 1.000 1.000 0.953 1.000 1. 000 1.000 
2 0 0 0 0.047 0 0 0 

N 43 15 105 53 36 14 7 

IDH 
1 0.988 1.000 0.990 0. 991 1.000 1.000 1.000 
2 0 0 0.010 0 0 0 0 
3 0.012 0 0 0.009 0 0 0 

N 43 15 105 53 37 15 7 

LDH 
1 1.000 1. 000 1.000 1.000 0. 973 1.000 1.000 
2 0 0 0 0 0.027 0 0 

N 43 15 105 53 37 15 7 

MDH-1 
1 1.000 1.000 0.995 0.991 1.000 1.000 1.000 
2 0 0 0 0.009 0 0 0 
3 0 0 0.005 0 0 0 0 

N 43 15 105 53 37 15 7 

MDH-2 
1 0.988 1. 000 0.990 1.000 0.986 1.000 1. 000 
2 0.012 0 0.010 0 0.014 0 0 

N 43 15 105 53 37 15 7 

Pop 1 Pop 2 Pop 3 Pop 4 Pop 5 Pop 6 Pop 7 
Avg Hs 0.067 0.050 0.065 0.073 0.074 0.041 0.057 
std err 0.027 0.027 0.027 0.036 0.027 0.024 0.034 
Avg Ho 0.062 0.043 0.065 0.067 0.070 0.032 0.039 

std err 0.027 0.026 0.028 0.037 0.026 0.026 0.020 
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Ge.netic Diversity 

Locus Ht Hs Ho 

lillH-1 0.333 0 .196 0.177 
ALAT 0.019 0.018 0.019 
E.N0-2 0.023 0.023 0.023 
ESTD1 0.033 0.032 0.034 
ESTD2 0 .130 0.126 0.063 
GPI-1 0.235 0.232 0.245 
GPI·-2 0.013 0. 013 0.003 
IDH 0.009 0.009 0 009 
LDH 0.008 0.008 0.008 
MDH-1 0.004 0.004 0.004 
MDH-2 0.010 0.010 0.010 

Ht Hs Ho 
Average 0.074 0.061 0.054 
Variance 0.001 0.001 0.001 
Std. Err 0.034 0.025 0.024 

Locus Fis Fit Fst G df 

ADH-1 0.095 0.467 0 .411 63.216 30 P<0.0005 *** 
ALAT -0.023 -0.009 0.013 3.682 6 ns 
EN0-2 -0.026 -0.012 0.014 4.731 6 ns 
ESTDl -0.052 -0.015 0.036 11. 13 9 12 ns 
ESTD2 0.502 0.515 0.026 24.572 18 ns 
GPI-1 -0.052 -0.041 0.010 3.331 6 ns 
GPI-2 0.790 0.799 0.041 16.586 6 P<0.025 * 
IDH -0.010 -0.003 0.007 8.094 12 ns 
LDH 0.028 -0.004 0.023 8.071 6 ns 
MDH-1 -0.008 -0.002 0.006 5.226 12 ns 
MDH-2 -0.012 -0.005 0.007 3 .272 6 ns 

Average Fis Fit Fst 
0 .115 0.272 0.178 

Total G df 

151.919 120 ns 

Significant Pairwise Tests 

N Population 
105 - NORMAN RIVER; 

53 - SMITHBURNE; 

Locus Fis Fit Fst G df 

ADH-1 -0.070 -0.066 0.003 5.321 4 
ALAT -0.010 -0.010 0.000 0.000 1 
EN0-2 -0.020 -0.017 0.003 0.840 1 
ESTDl -0.007 -0.003 0.003 1. 035 2 
ESTD2 0.105 0.121 0.018 9.750 3 P<0.025 
GPI-1 0.029 0.034 0.006 1.589 l 

GPI 2 0.790 0.795 0.024 11. 083 l P<0.001 
IDH -0.010 -0.007 0.002 3.819 2 
LDH 0.000 0.000 0.000 0.000 0 
MDH-1 -0.008 -0.006 0.002 3.003 2 
MDH-2 -0.010 -0.005 0.005 1.641 1 

Average Fis Fit Fst 
0.041 0.048 0.007 

Total G df 
38.082 18 P<0.05 
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N Population 
53 - SMITHBURNE; 
37 - STAATEN RIVER; 

Locus Fis Fit Fst G df 
ADH-1 -0.066 -0.062 0.004 2.878 4 
ALAT -0.012 -0.012 0.000 0.065 1 
EN0-2 -0.012 -0.012 0.000 0.058 1 
ESTD1 -0.021 -0. 011 0.011 3.516 2 
ESTD2 0.201 0.229 0.035 , 11. 854 3 P<0.01 
GPI-1 0.046 0.057 0 .011 1.934 1 
GPI-2 0.790 0.795 0.024 5.281 1 P<0.025 
IDH -0.010 -0.005 0.005 1.063 2 
LDH -0.028 -0.014 0.014 3.588 1 
MDH-1 -0.010 -0.005 0.005 1.063 1 
MDH-2 -0. 014 -0.007 0.007 1.786 1 

Average Fis Fit Fst 
0.062 0.073 0.012 

Total G df 
33.085 18 ns 

N Population 
37 - STAATEN RIVER; 

6 - CAIRNS-EAST COAST; 

Locus Fis Fit Fst G df 
ADH-1 -0.110 0.622 0.660 43.644 3 P<0.0001 
ALAT -0.014 -0.007 0.007 0.302 1 
EN0-2 -0.014 -0.007 0.007 0.302 1 
ESTD1 -0.073 -0.052 0.019 1.769 2 
ESTD2 0.222 0.255 0.043 2.461 3 
GPI-1 0.029 0.033 0.004 0.159 1 
GPI-2 0.000 0.000 0.000 0.000 0 
IDH 0.000 0.000 0.000 0.000 0 
LDH -0.028 -0.014 0.014 0.609 1 
MDH-1 0.000 0.000 0.000 0.000 0 
MDH-2 -0.014 -0.007 0.007 0.302 1 

Average Fis Fit Fst 
-0.003 0.363 0.366 

Total G df 
49.550 13 P<0.01 

Hardy-Weinberg 

pop 1 locus ESTD2 **Deviation** 
Expected value for smallest class was made equal to one 
chi 7 . 2 5 7 df 1 
G 7.043 crVal - 3.84 
genotype 11 12 13 14 22 23 24 33 34 44 {33,34,44) 
observed - 35 4 0 2 0 l 3 
expected - 32.60 7. 05 l. 76 0.38 0.19 0.02 1.00 

pop 2 locus ESTD2 ** Deviation ** 
chi 2.699 df 1 
G 4.304 crVal - 3.84 
genotype - 11 12 13 14 22 23 24 33 34 44 {14,33,34,44) 

observed - 12 0 l l 0 0 2 
expected - 11.16 l. 79 0. 89 0.07 0. 07 0. 02 1.05 
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pop 4 locus GPI-2 **Deviation** 
Expected value for smallest class was made equal to one 
chi 4.048 df l 

G 3.487 crVal - 3.84 
genotype 11 12 22 (22) 
observed 50 ]_ 2 2 
expected ,rn 12 4.76 0.12 1. 00 

UPGMA using ROGERS (1972) 

Pop l 43 BURKETOWN; 
Pop 2 15 - FLINDERS/BYNOE; 
Pop 3 105 - NORMP.N RIVER 
Pop 4 5 3 - SMITH Burl.NE; 
Pop 5 37 STAATEN RIVER; 
Pop 6 15 - MITCHELL RIVER; 
Pop 7 7 - CAIRNS-EAST COAST; 

0.023 0.045 0.068 0.091 

.... - - - -.. - .. - - -1- - -- -· - · · · -···I - - - -· - - - - -· -1- -. · - - · - .. - . - - - I 

7 --------------------------------------------------------------

4 ---------------------
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2 ------- I I 
1--

3 --------- I 
I 

5 ---------

. - - -....... - ... - I - -.. - .... - . - .. I ............. !. - .. -.... - . - .. - I 
0.023 0.045 0.068 0.091 

JEWEL FISH 

POP # N NAME 

Pop 1 19 - SMITHBURNE R;STAATEN RIVER;MITCHELL R; 
Pop 2 15 - BURKETOWN; 
Pop 3 70 - FLINDERS/BYNOE; 
Pop 4 46 - NORJvJAN RIVER; 

Allele Frequency 

Pop l Pop 2 Pop 3 Pop 4 
ADA 

l 0.542 0.438 0.500 0.329 
2 0.375 0.563 0.457 0.645 
3 0 0 0.043 0.026 
4 0.083 0 0 0 

N 12 8 47 38 
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ADH 
1 0.808 0.750 0.850 0. 770 
2 0 0 0.020 0 
3 0.192 0.250 0.130 0.230 

N 13 8 50 37 

EST-D 
1 0. 912 1.000 0.978 1. 000 
2 0.088 0 0.022 0 

N 17 15 69 , 40 

FDH-1 
1 1. 000 0. 929 0.953 0.985 
2 0 0 .071 0.047 0.015 

N 7 14 64 34 

FDH-2 
1 0.955 0.808 0. 910 0.786 
2 0.045 0 .192 0.090 0.214 

N 11 13 39 35 

GAPD1 
1 1. 000 1.000 o. 991 1.000 
2 0 0 0.009 0 

N 18 9 53 40 

GAPD2 
1 0.889 0.722 0.900 0.808 
2 0 .111 0.278 0.100 0.192 

N 18 9 50 39 

G3PDH 
1 0.974 1. 000 0.981 1.000 
2 0.026 0 0.019 0 

N 19 9 53 41 

GPI-1 
1 0.974 1. 000 1. 000 0.988 
2 0.026 0 0 0 .013 

N 19 15 70 40 

GPI-2 
1 0.861 0.833 0.809 0.813 
2 0 .139 0.167 0.191 0.188 

N 18 9 47 40 

MDHp 
1 0.944 0.889 0.942 0.947 
2 0 0 0 0 
3 0 0 0.029 0 
4 0.056 0.111 0.029 0.053 

N 18 9 52 38 

MPI 
1 0.882 0.875 0.900 0.885 
2 0 .118 0.125 0.100 0.090 
3 0 0 0 0.026 

N 17 8 50 39 

PEPLG 
1 0.472 0.833 0.754 0.615 
2 0.528 0.167 0.246 0.385 

N 18 15 67 39 
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PGM 
1 1.000 1.000 1.000 0.988 
2 0 0 0 0.012 

N J.9 15 70 41 

Avg Hs 0.176 0.192 0.164 0.189 
std err 0.048 0.046 0.042 0.049 
}\vg Ho 0.207 0.246 0.167 0.193 
std err 0.066 0.070 0.047 0.056 

Genetic Diversity 

Locus Ht Hs Ho 
ADA 0.535 0.516 0.657 
ADH 0.329 0.325 0.364 
EST-D 0.053 0.051 0.026 
FDH-1 0.064 0.063 0.067 
FDH-2 0.234 0.224 0 .191 
GAPDl 0.005 0.005 0.005 
GAPD2 0.283 0.272 0.292 
G3PDH 0.022 0.022 0.023 
GPI-1 0.019 0.019 0.019 
GPI-2 0.284 0.283 0. 319 
MDHp 0.130 0.128 0 .138 
MPI 0.204 0.204 0.193 
PEPLG 0.443 0 .405 0.546 
PGM 0.006 0.006 0.006 

Ht Hs Ho 
Average 0.187 0.180 0.203 
Variance 0.002 0.002 0.003 
Std. Err 0.046 0.044 0.056 

Locus Fis Fit Fst G df 
ADA -0.272 -0.228 0.035 19.103 9 P<0.025 
ADH -0.120 -0.108 0.011 6.377 6 ns 
EST-D 0.497 0.522 0.049 8.873 3 P<0.05 
FDH-1 -0.060 -0.034 0.024 3.335 3 ns 
FDH-2 0.149 0.184 0.042 7.329 3 ns 
GAPDl -0.010 -0.002 0.007 1.640 3 ns 
GAPD2 -0.073 -0.034 0.036 5.567 3 ns 
G3PDH -0.024 -0. 011 0.012 3.262 3 ns 
GPI-1 -0.022 -0.010 0.012 3.865 3 ns 
GPI-2 -0.128 -0.125 0.003 0.575 3 ns 
MDHp -0.081 -0.067 0. 013 7.005 9 ns 
MPI 0.051 0.053 0.002 4.587 6 ns 
PEPLG -0.348 -0.233 0.086 15.155 3 P<0.005 
PGM -0.012 -0.003 0.009 2.535 3 ns 

Average Fis Fit Fst 
-0.128 -0.090 0.034 

Total G df 
89.207 60 ns 

Sidak's Multiplicative Inequality at 0.05 0.004 
Sidak's Multiplicative Inequality at 0.01 0.001 
Poly across pop is 14 
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.N Population 
70 - FLINDERS/BYNOE; 
41 - NORMA.i'\/ RIVER; 

Locus F·is Fit Fst G df 
1':JJA -0.153 -0.118 0.031 5.993 2 P<0.05 
ADH 0.070 0.082 0. 013 4. 965 2 
EST-D ··0.022 -0.011 0 .Oll 2.768 1 
FDH-1 -0.041 -0.032 0.009 1.536 1 
FDH-2 0 .115 0.142 0.030 4.581 1 P<0.05 
GAPDl -0. 010 -0.005 0.005 1.129 1 
GAPD2 0.204 0.217 0.017 3.070 1 
G3PDH -0.019 -0.010 0.010 2.309 1 
GPI-1 -0.013 -0.006 0.006 2.031 1 
GPI-2 -0.083 ··O. 083 0.000 0.004 l 
MDHp -0.050 -0.047 0.003 3 .921 3 
MPI 0.259 0.260 0.001 3.360 2 
PEPLG -0.206 -0.179 0.022 4.445 1 P<0.05 
PGM -0.012 -0.006 0.006 2.000 1 

Average Fis Fit Fst 
-0.020 -0.002 0.017 

Total G df 

42.113 19 P<0.05 

N Population 
19 - SMITHBURNE R; STAJ\.TEN RIVER;MITCHELL R; 
41 - NORMAN RIVER; 

Locus Fis Fit Fst G df 
ADA -0.098 -0.035 0.057 11. 329 3 P<0.025 
ADH -0.107 -0.105 0.002 0.160 2 
EST-D 0.634 0.651 0.046 7.452 1 P<0.01 
FDH-1 -0.015 -0.007 0.007 0.377 1 
FDH-2 0.043 0.104 0.063 4 .138 l P<0.05 
GAPDl 0.000 0.000 0.000 0.000 0 
GAPD2 0.109 0.120 0.013 1. 242 1 
G3PDH -0.027 -0.013 0. 013 2.318 l 
GPI-1 -0.022 -0.020 0.003 0.276 l 
GPI-2 -0.108 -0.103 0.004 0.425 1 
MDHp -0.057 -0.057 0.000 0.004 3 
MPI 0.127 0.128 0.002 1. 629 2 
PEPLG -0.491 -0.460 0.021 2.050 l 
PGM -0.012 -0.006 0.006 0.765 1 

Average Fis Fit Fst 
-0.097 -0.069 0.025 

Total G df 

32.165 19 

Hardy-Weinberg 

pop 1 locus PEPLG ** Deviation ** 
chi 8.124 df 1 
G 8. 962 crVal - 3.84 
genotype 11 12 22 
observed 1 15 2 
expected 4.01 8.97 5.01 
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pop 2 locus ADA ** Deviation ·}.:* 

chi 4.840 df 1 
G 6.198 crVal - 3.84 
genotype 11 12 22 
observed 0 7 1 
expected l. 53 3.94 2.53 

pop 3 locus l\DH ick Deviation -k"K 

chi 2.402 df 1 

" 3.973 crVal - 3.84 '-'" 

genotype 11 12 13 22 23 33 (22,23,33) 
observed 37 0 11 .L 0 

0.26 
1 2 

1.13 expected 36 .13 l. 70 11. 05 0. 02 0.85 

UPGMA 

Pop 1 
Pop 2 

Pop 3 

Pop 4 

KING 

POP # 
Pop 1 
Pop 2 

Pop 3 
Pop 4 
Pop 5 

using ROGERS (1972) 

19 - SMITHBUR_"l\iE R;STAATEN RIVER;MITCHELL R· 
' 

15 - BURKETOWN; 
70 - FLINDERS/BYNOE; 
46 - NORMAN RIVER; 

0.016 0.033 0.049 0.065 

· ... · · .... ·· ... I··· .. ·.·· .. ·· - I.·· .... ··· .... I ............. - I 

2 ---------------------------------------- -

1------
4 ---------- ------------ ---------

1 -------------------------------------------------

3 ------------------------------ ------------------
1----------

I 
I 
I 

............... I ..... · ..... - .. I - - - - - -- - - - - - - - I .. - - - - - - - - - - - - I 
0.016 0.033 0.049 0.065 

SALMON 

N NAME 
59 - FLINDERS/BYNOE; 
38 - NORMAN RIVER; 
12 - SMITH-STAAT-MITCH; 
20 - WEIPA; 
15 - TULLY-EAST COAST; 

Allele Frequency 

Pop 1 Pop 2 Pop 3 Pop 4 Pop 5 
ADA-1 

1 0.839 0.855 0.917 0.950 0.833 

2 0 0 0 0 0 

3 0.161 0 .145 0.083 0.050 0.167 
N 59 38 12 20 15 

ADA-2 
1 0.897 0.684 0.600 0.947 l. 000 
2 0.103 0.316 0.400 0.053 0 

N 58 38 5 19 14 
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ADH 

l 0.686 0.763 0.917 0.842 0.700 
2 0.314 0.237 0.083 0.158 0.300 

N 59 38 12 19 15 

AL.AT 
l 0.728 0.789 0. 917 0.842 0.700 
2 0.272 0.211 0.083 0.158 0~300 

N 57 38 12 19 15 

EST-E 
1 0.628 0.608 0.500 0.528 0.667 
2 0.372 0.392 0.500 0.472 0.333 

N 43 37 12 18 12 

FDH 

l 0.568 0.592 0.667 0.632 0.433 
2 0.432 0.408 0.333 0.368 0.567 

N 59 38 12 19 15 

GPI-1 
l 0.983 0.987 1.000 0.925 0.967 
2 0.017 0.013 0 0.075 0.033 

N 59 38 12 20 15 

GPI-2 
1 0. 966 0.908 0.917 0.975 0. 967 
2 0.034 0.092 0.083 0.025 0.033 

N 59 38 12 20 15 

MDHp 
1 0.983 0.947 0.958 1.000 0.667 
2 0.017 0.053 0.042 0 0.333 

N 59 38 12 17 15 

PEPLG 
1 0.695 0.632 0.542 0.600 0.367 
2 0.305 0.368 0.458 0.400 0.633 

N 59 38 12 20 15 

P-LGG 
1 0.491 0.500 0.500 0.579 0.929 
2 0.509 0.474 0.500 0.368 0.071 
3 0 0.026 0 0.053 0 

N 58 38 6 19 14 

Avg Hs 0.300 0.329 0.283 0.262 0.293 
std err 0.057 0.051 0.060 0.060 0.057 
Avg Ho 0.306 0.367 0.315 0.292 0.316 
std err 0.060 0.067 0.077 0.075 0.070 
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Genetic Diversity 

Locus Ht Hs Ho 
ADA-1 0 213 0.209 0.165 
ADA-2 0.288 0.239 0.328 
ADH 0.341 0.326 0.368 
J\.l.JI.T 0.326 0.313 0.388 
EST-E 0.485 0.477 0.516 
FDH 0.488 0.475 0.502 
GPI-1 0.054 0.052 0.055 
GPI-2 0.101 0.100 0.086 
MDHp 0 .162 0.131 0.124 
PEPLG 0.491 0.466 0.486 
P-LGG 0.492 0.437 0.493 

Ht Hs Ho 
Average 0.313 0.293 0.319 
Variance 0.002 0.002 0.003 
Std. Err 0.050 0.048 0.054 

Locus Fis Fit Fst G df 
ADA-1 0.210 0.226 0.020 4.726 8 ns 
ADA-2 -0.368 -0.138 0.168 31.635 4 P<0.0001 **** 
ADH -0.129 -0.079 0.044 9.202 4 ns 
ALAT -0.239 -0.193 0.038 6.845 4 ns 
EST-E -0.081 -0.064 0.016 2.503 4 ns 
FDH -0.057 -0.029 0.026 3.890 4 ns 
GPI-1 -0.055 -0.028 0.025 4.863 4 ns 
GPI-2 0.138 0.151 0.016 4.303 4 ns 
MDHp 0.053 0.232 0.189 30.328 4 P<0.0001 **** 
PEPLG -0.043 0.010 0.051 11.471 4 P<0.025 * 
P-LGG -0.130 -0.003 0.113 29.898 8 P<0.0005 *** 
Average Fis Fit Fst 

-0.089 -0.021 0.062 
Total G df 

139.663 52 P<0.01 ** 

Sidak's Multiplicative Inequality at 0.05 0.005 
Sidak's Multiplicative Inequality at 0.01 0.001 
Poly across pop is 11 
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N Population 
59 - FLINDERS/BYNOE; 
38 - NOR.M}U'J RIVER; 

Locus Fis Fit Fst r• 
"' df 

ADi\-1 0.117 0.117 0.001 0.094 2 
ADA-2 -0.187 -0.106 0.068 13.352 l P<0.0005 
ADH 0.043 0.050 0.007 1.359 1 
./',LAT -0.180 -0.174 0.005 0.936 1 
EST-E -0.086 --0.086 0.000 0.066 1 
FDH -0.215 -0.214 0.001 0 .112 l 

GPI-1 -0.016 -0.015 0 000 0.045 1 
GPI-2 0.369 0.379 0.014 2.8~3 1 
MDHp -0.046 -0.036 0.009 1. 908 1 
PEPLG -0.028 -0.023 0.004 0.834 l 

P-LGG -0.104 -0.103 0.001 3.828 2 

Average Fis Fit Fst 
-0.072 -0.062 0.009 

Total G df 

25.378 13 

N Population 
38 - NORMA..l\J RIVER; 
20 - WEIPA; 

Locus Fis Fit Fst G df 

ADA-1 0.309 0.326 0.026 2.661 2 
ADA-2 -0.188 -0.051 0 .115 11. 955 1 P<0.001 
ADH -0.091 -0.080 0.010 0.986 1 
ALAT -0.231 -0.226 0.005 0.463 1 
EST-E -0.267 -0.259 0.007 0.639 1 
FDH -0.249 -0.247 0.002 0.166 1 
GPI-1 -0.070 -0.046 0.023 2.840 1 
GPI-2 0.403 0.415 0.020 2.147 1 
MDHp -0.056 -0.027 0.027 3.025 1 
PEPLG -0.030 -0.029 0.001 0 .111 1 
P-LGG -0.101 -0.092 0.008 1.426 2 

Average Fis Fit Fst 
-0.115 -0.096 0.018 

Total G df 
26.418 13 
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Ii Population 
20 - WEIPA; 
15 - TULLY -Kl\ST COAST; 

Locus Fis Fit: Fst G df 
lillA··l 0.463 0.482 0.035 2.597 2 
l\.DA-2 -0.056 -0 027 0.027 2.254 1 

.ADH -0.335 -0.297 0.029 1.960 1 

ll,.LAT -0.335 -0.297 0.029 1. 960 1 

EST-E -0.119 -0.097 0.020 1.155 1 
FDH -0.038 0.003 0.039 2.668 l 

GPI-1 -0 066 -0.057 0.008 0 585 1 
GPI-2 -0.031 -0.030 0.001 0.042 l 

MDHp 0.100 0.280 0.200 17.284 1 P<0.0001 
PEPLG -0.165 -0.101 0.055 3.770 l 

P-LGG -0.015 0.126 0.139 11. 709 2 P<O 005 
Average Fis Fit Fst 

-0.095 -0.029 0.060 
Total G df 

45. 986 13 P<0.001 

Hardy-Weinberg 

pop 2 locus ALAT *~· Deviation ** 

chi 2.702 df 1 
G 4.319 crVal - 3.84 
genotype 11 12 22 
observed 22 16 0 
expected 23.68 12.63 l. 68 

pop 2 locus FDH ** Deviation ** 
chi 4.980 df l 

G 5.238 crVal - 3.84 
genotype 11 12 22 
observed 10 25 3 
expected 13.32 18.36 6.32 

pop 5 locus ADH ** Deviation ** 
chi 2.755 df 1 
G 3.985 crVal - 3.84 
genotype 11 12 22 
observed 6 9 0 
expected 7.35 6.30 l. 35 

pop 5 locus ALAT ** Deviation ** 
chi 2.755 df 1 

G 3.985 crVal - 3.84 

genotype 11 12 22 
observed 6 9 0 
expected 7.35 6.30 l. 35 
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UPGV,A using ROGERS (1972) 

Pop 1 
Pop 2 
Pop 3 

Pop 4 

Pop 5 

59 - FLINDERS/BYNOE; 
38 -- NOP-MAN RIVER; 
12 SMITH-STAAT-MITCH; 
20 - WEIPA; 
15 TULLY-EAST COAST; 

0.041 0.082 0-123 0.164 
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most highly 

components of the net catch are 
(Polydactylus sheridani), blue salmon (Eleutheronema 
(Protonibea diacanthus), and the jewelfish (Nibea squamosa). 

salmon 
jewfish 

Age growth studies are fundamental for population biology studies and to establish sound 
management policies (Morales-Nin 1995). Until now, few growth studies on Gulf of 
Carpentaria inshore fish, other than barramundi, were available. The grmvth of grunter and 
blue salmon elsewhere in Queensland has been studied by scale and otolith interpretation 
(Bade 1989; Stanger 1974). For the other species, some age and growth data has been 
published for populations in waters off Pakistan and north-west India that may be used for 
comparative purposes. 

Growth rings in fish otoliths have proved a useful tool for age determination in tropical 
marine species where seasonal markings may not be present on other body parts such as 
scales. Age and growth in the five important Gulf of Carpentaria fish species listed above, 
were assessed using whole and sectioned otoliths once their suitability for age deten11ination 
was established. 

The length-at-age keys and population parameters derived in this program have been made 
available to the Queensland Fisheries Management Authority for use in developing a new 
Gulf of Carpentaria Inshore Fishery Management Plan. 

4.2 SPECIFIC OBJECTIVES 

1. To examine the age and growth of the key non-barramundi target species of the 
Queensland inshore gill net fishery in the Gulf of Carpentaria. The target species were 
grunter (Pomadasys kaakan), threadfin salmon (Polydactylus sheridani and Eleutheronema 
tetradactylwn ), and j ewfishes (Protonibea diacanthus and Nibea squamosa ). 

2. To provide length-at-age information and growth parameters for use in the fishery 
management of the target species in Gulf of Carpentaria waters. 

The initiatives described in this contribution address age and growth characteristics for the 
species throughout their Queensland Gulf of Carpentaria distribution. Pending successful 
genetic stock delineation for the target species, more research may be necessary to identify 
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of 

the fishing grounds associated 
the central 

systems included Mitche!L Staaten, Gilbert, Smithburne, 
and Leichhardt 
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Figure 4.1 
sampled. 

North Queensland, showing Gulf of Carpentaria river systems 

an 

Sample collections commenced in January 1993 in anticipation of project commencement, 
and were completed by November 1995. The research program outlined in the December 
1992 application to FRDC indicated that samples for age and growth determination would be 
collected p1imarily during the first years of the project, and detailed analyses would be 
completed during a.later phase. A lack of funding support for this later initiative has forced a 
rescheduling of this timetable to deliver more comprehensive baseline age and growth 
information for the species studied. Material collected in earlier QDPI surveys of Gulf fish 
stocks was incorporated into the database to expand the available time series of data for the 
biology of the species. 
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of and r.~'""'"h 

fisher net catches (91 % of aged samples 
Filleted 

closed fishing season in November, 
accessibility to most areas during this 1,:vet season, was 

Tagging operations were conducted project staff and locally based recreational and 
professional fishers between 1st March 1993 and the 301i, June 1994, at Karumba on the mouth 
of Norman River. Due to the limited time and program resources, only one species, the 
golden grunter, was selected for the trial. Six hundred and fifty--three were tagged 
with dart tags (Hallprint Pty Ltd) with 501 fish injected with the oxytetracycline (OTC) based 
Terramycin/LA (Pfizer Inc) into the interperitoneal cavity at 75mg/kg of body weight. 
Terramycin/LA is a fluorochromatic, long acting, broad spectrum veterinary antibiotic and 
was used in this study to chemically mark hard body structures, such as otoliths and scales, for 
age validation (Wilson 1995). 

Due to unexpectedly low return rates of tagged fish in 1993 and 1994 an ad hoc survival 
experiment was irnplernented in June 1995 and run for 12 months to gauge the effects of 
capture, tagging and injection stresses on golden grunter. Seventy-six wild caught animals 
were tagged with dart tags and separated into four groups: 

1. Control group - no injection, dart tag only 
2. Water blank injection 
3. Terramycin/LA solution group - this Terramycin was used in the tagging study, and 
4. Oxytetracycline (BP) hydrochloride (Rhone-Poulenc) powder - this is a dry product 

that requires hydration prior to injection. 
The two forms of OTC were injected at the same rate as per the field mark-recapture program. 
Tag loss was also recorded during the survival experiment. 

Fish specimens were measured to the nearest 0.5 cm Length at Caudal Fork (LCF) and/or 
Total Length (TL) depending on caudal fin shape, and, where possible, weighed to the nearest 
1.0 g Total Weight (TWT). Because most samples obtained from professional and 
recreational catches had been filleted, they were not weighed. 

Specimen sex and reproductive maturity stage were macroscopically determined after the 
scheme of Nikolsky (1963). Gonads were weighed to the nearest 0.1 g, then preserved in a 
10% neutral buffered fonnaldehyde solution (Hunter 1985). Reproductive data used in 
association with age and growth analyses were based on macroscopic assessment when 
histological assessment was not available. 

Body scales for age assessment were removed from the lateral surface, usually behind the 
pectoral fin area. One or two scales that were not obviously replacement scales were washed, 
air dried for up to 24 hours, then mounted on Quickpoint® glass 35mm slide mounts to keep 
the scale flat for later examination. 
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tended to have a 
reading difficult. However, the scales of black 
comparison with otolith section assessments. 

24-72 hours, 
assessment 

board 

made 
retained for 

Whole otohths ( sagittae) were immersed aniseed oil and viewed using a stereo-macroscope. 
an age could be readily assigned to an otolith on the first reading, two further readings were 

made separated by a minimum of two days. Otoliths that were difficult to interpret on the first 
reading were subjected to a heating treatment (Christensen I 964), then read tln·ee times as for 
whole untreated otoliths. 

Each otolith was read without knowledge of collection details. After each reading, the 
aniseed oil was rinsed off in absolute alcohol and the otolith allowed to air d1y for five 
minutes before its return to storage. 

While otolith markings could easily be interpreted for whole otoliths of golden grunter and 
king salmon, longitudinal sections were made of golden grunter otoliths, and transverse 
sections made of king salmon otoliths, for comparison with ages derived from entire bones. 
Blue salmon could also be aged quite readily from otoliths, but only tln·ough the older age 
groups. In this species the laterally compressed otolith appeared opaque around the focal area, 
obscuring the earliest annuli. As a result, blue salmon otoliths were transversely sectioned 
prior to assessment. The chunky three-dimensional character of black jewfish and jewelfish 
otoliths, especially above the focus, required all otoliths to be sectioned in a transverse plane 
before reading was attempted. 

Otoliths requiring sectioning were embedded in Buehler Castolite epoxy resin and sectioned 
using a Buehler Isomet low speed saw with a 0.3mm diamond wafering blade. Sections were 
viewed under a stereo-macroscope using a combination of transmitted (tungsten) and 
reflected (halogen) lighting. Magnification differed between the species and the methods, 
depending on the general size of the whole or sectioned otoliths. Sectioned otohths were read 
three times in the manner already described for whole otoliths. 

In the reading or assessing of the marks on an otolith, each completed 'opaque' band was 
counted, and each annulus was measured as the distance from the focus to the commencement 
of the following translucent area, with an ocular rnicrorneter. The distance :from the focus to 
the otolith margin was also measured. Measurements on whole otoliths of golden grunter and 
king salmon were made from the focus to the posterior margin along the longitudinal axis. 
Measurements on transverse sections of the otoliths of blue salmon, black jewfish and 
jewelfish were made from the focus towards the proximal surface (interior face with the 
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Annulus fonnation was validated two different procedures. Partial validation of 
age dete1111inations was achieved for some year classes in all five species by determining 
time of check formation (Brothers 1982) using the Edge Growth (EGR; Harris 1985; 
Gooley 1992) which is the ratio of the width of the current season's growth zone (ie, annulus 
to radius) to the width of the preceding year's growth zone (ie, annulus to annulus). ANOVA 
was used to compare the monthly EGR's of combined age classes due to low sample numbers. 
Only those animals of age > 1 were used for this analysis as the distance from the focus to the 
first annulus is usually much greater than that from the first to the second annuli. 

Further paiiial validation of annuli was examined by ANOV A (in conjunction with Tukey 
pair-wise comparison of means, and two-sampled t-tests) of focus to last annulus distances 
and length-at-age data (Manooch 1982). Lengths-at-age were back-calculated to the last 
annulus f01med to reduce the effects of sampling from a highly seasonal fishery (Davis and 
Kirkwood 1984; McPherson 1992). In conjunction with the EGR results of a single annulus 
formation per year, the significant differentiation of length-at-age based on annulus distances 
was assumed to be a fmiher indication of annual classes. 
ANOVA was used to compare estimates from the primary and secondary age determination 
methods used for each species. A single reading for the primary age method was compared to 
a single reading for the secondary age method. Fish ages determined from whole otoliths 
were compared with ages from sectioned otoliths in golden grunter, king salmon and blue 
salmon. Sectioned ages were compared to scale ages for black jewfish and jewelfish. 

Precision of within-reader bias was calculated using the Index of Average Percent Error 
(Beamish and Fournier 1981). 

Sub-models of the Schnute (1981) age-length growth model listed by Baker et al. (1991) and 
Quiim and Deriso (in press) were fitted to the back-calculated length-at-age data using a 
FORTRAN package written by TeITy Quinn (Baker et al. 1991). Different growth models 
were compared on the basis of their Residual Sums of Squares (RSS), and the most 
parsimonious model selected according to the methodology described by Quinn and Deriso 
(in press) after Schnute (1981). 
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as are the au,.uu·...,, 

remains to be aged as a consequence 

Total AGED, AGED, BE AGED 
Samples primary method both pnmary and method 

secondary method 
Golden grunter 1107 276 145 831 

whole section 
King salmon 1185 740 20 445 

whole section 
Blue salmon 664 200 177 464 

section whole 
Blackjewfish 406 194 15 208 

section scale 
Jewelfish 726 262 233 464 

section scale 

Fish length expressed as LCF was used throughout this study in preference to total length for 
fish with emarginate caudal fins. Highly fimbriate caudal fin lobes that occur in king and blue 
salmon can cause measurement error through damage to frozen fins during handling and 
transport. However, calculation of total length was essential for comparison of results with 
published studies and to provide the Queensland Fisheries Management Authority with total 
length information for consideration of minimum legal sizes. Parameters of the linear 
regression relationships between total length and fork length for the species with emarginate 
caudal fin profiles (golden grunter, king salmon and blue salmon) are given Table 4.2. 

Table 4.2 Relationship between total length 

Species TL : LCF relationship n 

fork length in three Gulf species. 

Range 

(cm) LCF 
·---·-.. ··--- -·-----·----··--·-··----·-----·---------------· 

Golden grunter TL= 0.12 + 1.04 * LCF 754 0.99 3.9 - 61.0 

King salmon 

Blue salmon 

TL = 1.42 + 1.19 * LCF 

TL= 1.05 + 1.18 * LCF 
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0.99 

0.99 

15.5 - 106.5 

9.6 - 88.0 
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Figure 4.2: Size frequencies of tagged golden grunter displaying numbers of animals 
injected with Terramycin (OTC) and those not injected. 

Such a poor recapture rate over time was unexpected. The authors reasoned that factor besides 
a lack of fisher response were likely to be involved; alternative explanations such as 

a) tagging/injection induced mortality, or 
b) tag loss 

might be responsible (Beamish et al. 1983; Mace and Johnston 1983; Whitelaw and Sainsbury 
1986; Mcfarlane and Beamish 1987; Monaghan 1993; Sprankle et al. 1996) and should be 
investigated. 

A pilot exercise was, therefore, implemented in June 1995, to gauge the likely consequences 
of capture, tagging and injection stresses on golden grunter. Four groups involving 76 tagged 
animals (Table 4.3) of a broad range of fish lengths were mixed together after tagging and 
OTC injection, and kept in two 2000L fibreglass tanks at Northern Fisheries Centre Cairns for 
12 months. Five of 36 fish (14%) injected with the Ten-amycin solution died within 2 days of 
injection, with a further 18 (50%) dying within 10 days of injection (see Table 4.3). No 
additional mortalities were observed after this time. 
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During the experiment the fish were also monitored daily for tag loss. Six fish had shed their 
tags between June and October 1995, with 13 fmiher animals shedding their tags between 
November 1995 and June 1996. This represents an overall tag shedding rate of 35% in the 
surviving 53 fish. 

4.4.3 Golden grunter 

In golden grunter, Kolmogorov-Smirnov tests of goodness of fit for the primary aged (age>O) 
sample versus all samples were not significantly different (P = 0.288, nagcd = 276, l\11 = 1100). 
The fish whose otoliths were selected for primary ageing had the same length distribution as 
those included in the total sample. 

The monthly variation in the Edge Growth Ratio (EGR) was highly significant (n = 223, 
P < 0.005), confinning that annuli were fonned annually (Gooley 1992). The Tukey tests on 
the monthly means demonstrated a decrease from July to a minimum in October (see 
Figure 4.3). The exact month of minimal EGR could not be detennined due to the seasonal 
closure in November, December and January when relatively few data were obtained, 
although a spring (September-November) timing of ammlus fonnation appears likely. Data 
from August may indicate that annulus fonnation is earlier; however, caution should be 
exercised due to low numbers of samples from this month (n = 5). 

Further validation of the annual nature of the growth stanzas came from the consistent 
increase of the mean focus-to-last-annulus distance up to 8 years, with significant differences 
(P < 0.05) from 1 to 5 years. While the mean back-calculated length-at-age increased 
consistently up 'to 13 years, Tukey pair-wise comparisons of means showed significant 
(P < 0.05) differences between year classes 2 to 5. Age class 1 and age class 2 could not be 
differentiated using Tukey tests, but were significant (P < 0.05, nage~i = 8, nage~2 = 13) using a 
t-test for unequal variances. 
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Figure 4.3: Mean monthly Edge Growth Ratios 95% confidence 
intervals) nmonth > 1 and estimated age> 1 

Comparison of primary whole otolith age with secondary section otolith age (for ages>O) did 
not detect any differences between the techniques. The ages did not significantly differ 
(paired t-test ; d.f.=144, P=0.218) and there were no systematic differences between the age 
estimates over the 13 age classes examined (sign test P=0.148). Only 12.4% of the fish 
compared differed between whole or sectioned ages by age class, and there were no 
differences > 1 year. Due to the comparative ease of preparation of the whole otolith ageing 
technique (including heat treatment if necessary) over the sectioning technique, whole 
otoliths were selected as the primary ageing method for golden grunter. The Index of Average 
Percent Error was 6.67, which appears reasonable for this exercise (Beamish and Fournier 
1981). 

The Schnute Case 5 growth model, reparameterised as the von Bertalanffy growth curve 
(LVB), provided the most parsimonious fit to the assigned age data for golden grunter. 

Table 4.4 Parameters (and standard errors) of the von Bertalanffy growth function 
for golden grnntero 

L 00 (LCF) K n 

57.9 (0.06) 0.35 -0.66 (0.10) 0.88 250 

The parameters (and standard e1Tors) of the LVB curve fitted to the back-calculated data are 
given in Table 4.4. The back-calculated data and the LVB curve are given in Figure 4.4. 
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Figure 4.4 Back-calculated length-at-age data and von Bertalanffy growth 
function for golden grunter. 

4.4.4 King salmon 

Scales were not considered for ageing this species, or for blue salmon either, due to the 
softness of the skin, and the readiness of scales to be lost during the field collection and 
laboratory handling process. 

Fish sampled in Gulf fishing grounds prior to the commencement of the project included the 
740 specimens for which ages have been assigned. Approximately 62% of the total sample of 
1185 fish specimens has been aged during this study. 

For king salmon, the monthly variation in the edge growth ratio (EGR) was highly significant 
(ANOVA, n=796, P<0.001) and Tukey tests on the monthly means demonstrated lowest 
EGR's during October and February (see Figure 4.5). As this period coincided with the 
seasonal fishing closure from November-January, sample numbers were low and the exact 
period of annulus formation could not be clearly defined. 

Additional validation of the annual nature of the growth markings came from the consistent 
increase of the mean focus-to-last-annulus distance up to 9 years, with significant differences 
(P < 0.05) from 1 to 8 years. While the mean back-calculated length-at-age increased 
consistently up to 7 years, Tukey pair-wise comparisons of means showed significant 
(P < 0.05) differences between year classes 1 to 5. 
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Comparison of primary whole otolith age with secondary section otolith age (for ages>O) did 
not detect any significant differences between the techniques. Of 20 king salmon whose 
otoliths were sectioned, sectioned ages for 19 fish agreed with ages from whole otoliths when 
assessed by two different readers. The remaining otolith was rejected for whole ageing by 
both readers. As with golden grunter, the ease of the whole otolith ageing method compared 
to the sectioning technique, resulted in whole otoliths being selected as the primary ageing 
method for king salmon. No detailed comparison between primary and secondary ageing 
techniques was considered necessary because of the extreme clarity of the annuli. The Index 
of Average Percent Error for whole otoliths was low at 1.18 (n = 740). 

The Schnute Case 3 growth model, a non-asymptotic power curve, provided the most 
parsimonious fit to the length-at-age data for king salmon. This model provided only a 
marginally lower RSS value (27979) than the Case 5 (LVB; RSS=28122, R2 =0.755), but 
was preferred in accordance with Quim1 and Deriso (in press). The parameters ( and standard 

errors) of the Case 3 curve (ie, length to caudal fork l 1 at age r 1, length to caudal fork l2 at age 

r2, and the curve shape parameter y) fitted to back-calculated data are given in Table 4.5. The 
back-calculated length-at-ages and the Case 3 curve are given in Figure 4.6. 

Table 4.5 
king salmon. 

Parameters (and standard errors) ofthe Schnute Case 3 growth model for 

l 1(LCF) at r1 

28.9 at 1 (1.40) 

l1 (LCF) at r2 

120.5 at 14 (2.23) 
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y 

1.7 (0.10) 

n 

0.756 714 
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4.4.5 salmon 

The Kolmogorov-Smimov test between the total collection of blue salmon and the sample of 
aged fish was highly significant (P < 0.0001, na 11 = 652, naged = 200). The length distributions 
are somewhat different and may have arisen in the selection of fish for ageing. Assigning 
ages to the remaining 452 fish in the collection should resolve the matter. 

Comparison of whole otolith age with section otolith age (for ages>O) detected differences 
between the techniques (paired t-test; d.f.=199, P<0.001). There were systematic differences 
between the age estimates so derived, primarily at ages 4 and 5 where section ages were 
higher (sign test P<0.0001). Age estimates differed by ±1 years for 26% of observations (ie, 
51 out of 195) although only 1.5% (ie, 3 out of 195) differed by 2 years. Sectioned otoliths 
were utilised for primary ageing of this species. The need to prevent damage to each fragile 
otolith during repeated age estimates also favoured blocking and sectioning of otoliths. 

The ANOV A of the monthly variation in the edge growih ratio (EGR) was highly significant 
(P<0.001, n=188) confinning that annuli were formed annually. Tukey tests on the monthly 
means demonstrated significantly lower EGR' s ( and hence annulus formation) between 
October and March (see Figure 4.7). 
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Additional validation of the ammal nature of the blue salmon otolith ammli was presented by 
the consistent increase of the mean focus-to-last-annulus distance up to 7 years, with 
significant differences (P < 0.05) from l to 4 years. While the mean back-calculated length­
at-age increased consistently up to 7 years, Tukey pair-wise comparisons of means showed 
significant (P < 0.05) differences between year classes 1 to 5. The Index of Average Percent 
Error was 5.54. 

As was the case found with king salmon, the Schnute Case 3 growth model provided the most 
parsimonious fit to the data for blue salmon. As was the case for the king salmon, this model 
gave a marginally lower RSS value (5667) compared with that of the Case 5 (L VB; 
RSS = 5737, R2 = 0.739), and as such was favoured after Quinn and Deriso (in press). The 

parameters (and standard en-ors) of the Case 3 curve (ie, length to caudal fork /1 at age 1i 
length to caudal fork 12 at age r2, and the curve shape parameter y) fitted to back-calculated 
data are given in Table 4.6. The back-calculated length-at-ages and the Case 3 curve are 
given in Figure 4.8. 

Table 4.6 
blue salmon. 

Parameters (and standard errors) of the Schnute Case 3 growth model for 

l7 at T2 (LCF) y n 

24.6 at 1 (1.94) 69.4 at 7 (3.32) 2.32 (0.28) 0.742 195 
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Figure 4.8 Back-cakulated length-at-age data and Schnute Case 3 growth 
model for blue salmon. 

4.4.6 Black jewfish 

There was no significant difference between the distribution of fish in the sub-sample of 
specimens chosen for age detennination and that of the total collection, using the 
Kolmogorov-Smimov test (P = 0.166, nagcct = 194, 11011 = 530). 

Otoliths of black jewfish were quite large (up to 4cmxlcmx2cm in size and 9-lOg weight 
for a 150 cm TL fish), with dense thickening at the sulcus precluding age estimation from 
whole otoliths. These large otoliths, when set in resin for sectioning, could take up to 20 
minutes to cut with the Isomet low speed saw. Sectioned otoliths were used as the prime age 
detem1ination technique, with preliminary trials using scales readings being conducted for 
companson. 

Comparison of sectioned age with scale age (for ages>O) detected differences between the 
techniques (paired t-test ; d.f.=15, P=0.034). There appeared to be systematic differences 
between the age estimates where section ages were higher (sign test P=0.006). Age estimates 
differed by up to 3 age classes, with the variation observed over all age classes. Subsequently, 
sectioned otoliths were utilised for age determination in this species. 

Black jewfish occur in the commercial and recreational catches throughout the year but the 
species is most abundant during the winter months. Although a significant result was 
obtained when seasonal variation in EGR's was considered (ANOVA, n = 182, P < 0.001), 
there was no clear result using the Tukey test. differentiation of EGR results from the 
months April, June and July and those of October and December implies that annuli are 
formed in late spring to early summer (see Figure 4.9). However, examination of additional 
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Figure 4.9 Mean monthly Edge Growth Ratios (and 95% confidence 
intervals) for black jewfish, where nmonth > 1 and estimated age> 1 

Evidence for the annual nature of the otolith annuli came from the consistent increase of the 
mean focus-to-last-annulus distance up to 10 years, with significant differences (P< 0.05) up 
to 4 years. While the mean back-calculated length-at-age increased consistently up to 5 
years, (and then from 7 to 10 years), Tukey pair-wise comparisons of means showed 
significant (P < 0.05) differences only up to age class 3. The Index of Average Percent Error 
was relatively low at 3.21 (n = 194). 

The Schnute Case 5 growth model provided the most parsimonious fit to the aged data for 
black jewfish. The parameters (and standard errors) of the LVB curve fitted to the back­
calculated data are given in Table 4.7. The back-calculated fish lengths-at-age and the LVB 
curve are given in Figure 4.10. 

Table 4.7 Parameters (and standard errors) of the von Bertalanffy growth function 
for black jew:fish. 

L 00 (TL) K n 

136.6 (0.95) 0.32 (0.03) 0.18 (0.13) 0.86 194 
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The Kolmogorov-Smimov test for similarity of length distribution of aged versus total 
samples was significant (P = 0.021, nage<l = 262, nan= 789). Age detennination of the 
remaining material is required to resolve this matter. 

As sampling progressed, it became apparent that the specimens being provided by volunteer 
Gulf fishers as 'jewelfish' represented more than one species. Mr Jeff Johnson at the 
Queensland Museum examined this 'jewelfish' material, and it appeared that fish over 
approximately 55 cm TL were Nibea squamosa, those bet\veen 30 and 55 cm were a mixture 
of Nibea squamosa and another Nibea species (probably N microgenys), and those few 
specimens in the collection less than 30 cm long comprised the above two species as well as 
Austronibea oedogenys, Johnius amblycephalus and J novaehollandiae (J. Johnston, pers 
comm 1996). 

The taxonomic complexity of the 'jewelfish' appellation was not demonstrated until late in 
the sampling program. Otoliths of the two Johnius species could easily be differentiated from 
other species in the complex, and their otoliths were excluded from further assessment. 
Sasaki's (1992) desc1iption of otolith morphology for N squamosa and N microgenys proved 
to be of dubious value in distinguishing between these two species. Species differences were 
apparent, however, when assigned otolith age and fish length were considered. 

As with black jewfish, preliminary trials indicated some potential for age determination with 
scales, but only as the secondary method. The otoliths of jewelfish, like those of the black 
jewfish, were distinctly three dimensional, and required sectioning before age assessment. 
Comparison of sectioned age with scale age (for ages>O) detected highly significant 
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Figure 1 Mean monthly Edge Growth Ratios (and 95% confidence 
intervals) for jevvelfisb complex, where nmo!ltn > 1 and estimated age> 1 

Further evidence for the annual nature of the otolith growth came from the consistent increase 
of the mean focus-to-last-annulus distance up to 12 years, with significant differences 
(P < 0.05) up to 4 years. VVhile the mean back-calculated length-at-age increased consistently 
up to 5 years, Tukey pair-wise comparisons of means also demonstrated significant 
(P < 0.05) differences up to age class 5. The Index of Average Percent En-or was 2.89 
(n = 262). 

The Schnute Case 5 growth model provided the most parsimonious fit to the data for the 
jewelfish complex, as well as for the isolated samples of N squamosa and N. microgenys. 
The parameters (and standard en-ors) of the LVB curve fitted to the back-calculated data are 
given in Table 4.8. The total back-calculated fish lengths-at-age and the species-isolated L VB 
curves are given in Figure 4.12. 
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Figure 4.12 Back-cakulated length-at-age data and von Bertalanffy growth 
function for the jewelfish species complex. 

4.5 DISCUSSION 

This study has examined the age and growth of five finfish species associated with the Gulf of 
Carpentaria commercial gillnet and recreational line fisheries, viz, the golden grunter 
(Pomadasys kaakan), king salmon (Polydactylus sheridani), blue salmon (Eleutheronerna 
tetradactylum), black je\vfish (Protonibea diacanthus), and a jewelfish species complex 
(nominally referred to as ]llibea squamosa). The common names used throughout this report 
reflect the most common usage within the commercial and recreational fisheries throughout 
the Gulf of Carpentaria. 

The collection of adequate numbers of samples for age and growth analysis, each month 
throughout the year, proved difficult. The difficulties arose from the highly seasonal nature of 
the commercial gillnet fishery caused by the November to January closure, and the seasonality 
of the recreational line fishery caused by a greater tourist influx into the area during the cooler 
winter months. The result has been reduced definition of the estimation of time of formation 
of annuli on otoliths for all species being considered. Additional dedicated research sampling 
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Ahzarin complexone; Thomas et 1995), at various application rates, appear necessary to 
minimise induced mortalities and to interpret published results for species. well, the 
influence of tag type and fish on mortalities and tag loss needs to be established as part of 
mark-recapture assessments involving a previously unstudied species. The assumptions 
implied in the published literature that 

i) in mark-recapture studies, dmi tags are appropriate, and 
ii) in age validation that OTC is a suitable marker, 

may not always be valid for the species of interest. 

4.5.1 Golden grunter 

The whole otolith ageing method was used as minimal laboratory preparation time was 
required prior to reading, and it provided results that were not significantly different from 
those obtained using the sectioned otolith method. There was no evidence for the systematic 
over-estimation of fish ages by the sectioned otolith method in older year classes (compared 
with the whole otolith method) that has been observed for Lutjanus species in the Gulf of 
Carpentaria (Milton et al. 1995), nor systematic under-ageing for untreated whole otoliths 
relative to sectioned otoliths as occuned in Great Banier Reef coral trout Plectropornus 
leopardus (G McPherson 1996). 

The monthly EGR's for golden grunter demonstrate that annulus formation commences in the 
spring and continues throughout the early paii of summer. This is approximately the same 
time of year of the 'Al' check noted for golden grunter on the Queensland east coast around 
Townsville (Bade 1989). Bade also observed a secondary annual check during the 
sp1ing/summer period \\foch appeared to coincide with spawning peaks. Deshmukh (1973) 
reported hyaline outer zones on otoliths during the months of November to January in north­
western coastal waters of India, although these were northern hemisphere autumn/winter 
months when water temperatures were at their lowest and were not associated with spawning. 

The back-calculated total lengths-at-age (both measured or derived from a TL:LCF 
relationship) for the first five year classes of Gulf golden grunter were similar to the mean 
observed total lengths-at-age for scale-aged fish from the east coast (Bade 1989) and are 
shown in Figure 4.13. The Queensland estimates for these early year classes are comparable 
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with data from P kaakan in Pakistan (Majid and Imad 1991), but are lower than those for the 
species in north-west India (Deshmukh 1973). 
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Figure 4.13 Mean lengths-at-age for golden grunter at three different Indo-Pacific 
localities. 

Available growth parameter estimates for P. kaakan from the Queensland Gulf (this study) 
and from the east coast (Bade 1989) appear to differ substantially (Table 4.9), despite the 
close similarity of the lengths-at-age in early year classes (Figure 4.13) and the similarity of 
maximum sizes reported for the Gulf and east coast, namely 67.5 and 63.6 cm TL 
respectively. These differences may be due to the differences in curve fitting procedures 
utilised for both studies, although the overall 'growth performance index (ie ~')' of Pauly and 
Munro (1984) indicated greater similarity between the Queensland populations than with the 
other Indo-Pacific populations. Gulf fish and those in Pakistan have comparable von 
Bertalanffy growth curve parameters, indicating that stock differences might be only 
marginal. 

Table 4.9 Parameters of the von Bertalanffy growth function for P. kaakan from 
four Indo-Pacific locations. 

Parameter Gulf of Queensland Pakistan3 NWindia4 

Carpentaria1 east coast2 
L"'(TL) 
K 

to 
n 
~,s 

1 - this study 
4 - Deshmukh (1993) 

60.3 
0.35 
-0.06 
250 
3.10 

75.6 62.5 68.2 
0.24 0.25 0.35 
0.04 NIA -0.01 
593 414 446 
3.14 2.99 3.22 

2 -Bade (1989) 3 - Majid and Imad (1991) 
5 - f = Log10K + 2Log10L00 (Pauly and Munro 1984) 
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There are no comparative growth data available salmon populations elsewhere its 
range. \Vhile the species is reported to attain 30 kg (Grant 1972), or approximately 150 cm 
TL in Queensland, the largest fish observed this study was 125 cm. Kailola et (1993) 
reported a maximum size of 170 cm for Australian waters at a validated age of approximately 
20 years; however the source of these data could not be located. 

Kagwade (1971) estimated length-at-age for Polydactylus indicus, an ecologically very 
similar species that attained a maximum size of 142 cm in Indian waters. Comparison of the 
calculated ages from scales, and ages from whole otoliths, for P. indicus and king salmon 
sheridani respectively, are shown in Figure 4.14. 
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Figure 4.14 Mean lengths-at-age for two similar polynemid salmon, Polydactylus 
sheridani and P indicus, from the Indo-Pacific region 
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982) and and 

200 cm fish respectively Indo-Pacific region. These extreme 
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Figure 4.15 Mean lengths-at-age blue salmon in Queensland waters. 

4.5.4 Black jewfish 

The largest black jewfish observed in the Gulf study measured 154cm TL. The species is 
reported by Grant (1982) to grow to at least 45 kg (approximately 176 cm long). These fish 
are substantially larger than the maximum size of 107.5 cm reported from India by Rao 
(1966). Isaac (1990) used the length-frequency data of Rao (1966) to calculate growth 
parameters for Pseudosciaena diacanthus (=Protonibea diacanthus), using a range of length­
based methods. Despite the restricted size range (22.5-107.5 cm) and the high variability 
between the estimates of L00 and K, the growth performance index ( <j> ') demonstrated little 
variability with a mean between the methods of 3.65, with only a 3% difference to the present 
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for comparison with 

years (Bill 
Organisation pers. comm), 
1 Our results suggest 'jewelfish' may 

various morphs is necessary to establish the catch 
species. 

overseas, no length-at-age 

Despite the multi-species nature of the jewelfish complex, 81 % of the aged samples were 
identified as being N squamosa. This material has provided an initial estimate of length-at­
age a.D.d growth for the species. No comparative data are available from elsewhere the 
species range. 

4.6 REC0l\1MENDATI0NS FOR FURTHER INVESTIGATION 

The models developed in this study give at best preliminary or provisional estimates of 
growth function. Their veracity must be substantially improved before age and growth 
info1mation for the different species can be used with confidence in fishery management 
planning exercises. 

Only 24.9% of the golden grunter specimens collected for age and growth detennination in 
this study have been assessed to date. This aged sub-sample exhibited a length distribution 
similar to that of the total collection. The general lack of validation, and evidence for an 
alternative expression to the von Bertalanffy model of growth, warrants that additional age 
analyses should be conducted for this species. These new assessments should examine all 
material at hand, perhaps supplemented by infusion of further specimens as required. 

Age determinations were completed for more than half (62%) of the king salmon collected. 
The most parsimonious model for growth that could be applied to these data (Schnute Case 3) 
gave the poorest fit to the available information, as compared with the L VB model used for 
the non-polynemid species examined in this study. The remaining king salmon otoliths, 
originally intended to be assessed in the later years of the original project proposal, should be 
examined as a matter of priority to determine if the additional data can improve the goodness 
of fit. 

The material used to generate the pattern of growth in blue salmon represented only a fraction 
(30%) of the specimens available for examination. This sub-set demonstrated a length 
distribution markedly different from that of the total collection. As with king salmon, the 
most parsimonious growth model fitted to the age infonnation (Sclmute Case 3) rated very 
poorly by comparison with the growth models developed for the other species examined. Age 
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determinations should, for the a 
fits better 

material there are 
several different species in the jewel fish complex, approximately 8 of the 

263 specimens aged were identified as squamosa, remainder being of unclear 
taxonomy (either or microgenys). As of November 1996, only about one third 

the available mate1ial (36%) contributed to the growth curve presented in this repmi. For 
biological accuracy, growth curves should be developed for each of the individual species 
components in the jewelfish complex. 

The mark-recapture and age validation exercise for Pomadasys kaakan assumed the direct 
application of methodology used successfully with other species. Instead, the result obtained 
highlights that fishery research projects incorporating such activities should undertake prior 
assessments of marking induced mortalities and tag loss as necessary preliminaries. Such data 
are essential components of the risk assessment that must be conducted before initiating 
extensive field programs with hitherto unstudied species. 
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7 

from age/ growth results were 

J\1in 

23 

King salmon (LCF) 13.51 

Blue salmon (LCF) 20 I 61.5 14 13.3 4 n/a 0 

Black jewfish (TL) 43.5 154 145 40 147 48 n/a n/a 0 137 137 

Jewelfish (TL) 25 74 232 21.5 61.5 25 9.5 20 5 n/a n/a 0 

Totals 1674 155 14 

(b) samples for which age material was collected 

Net Hook-and-line other methods unknown method 

Species Min Max 11 Min Max 11 Min Max 11 Min I Max 11 

Banded grunter (LCF) 23 62.5 80! 7.5 61 265 3.9 59.5 19 35 67 22 

King salmon (LCF) 21 108.5 1185 29 58.5 15 13.5 46 8 n/a n/a 0 

Blue salmon (LCF) 20 88 602 19.5 6!.5 46 7 3 36 16 n/a n/a 0 

Blackjewfish (TL) 43.5 154 348 40 147 53 n/a n/a 0 137 137 1 

Jewelfish (TL) 22 77 641 15 69 76 9.5 20 7 33.5 355 2 

Totals 3723 455 50 25 
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5. REPRODUCTIVE BIOLOGY OF FIVE TARGET FISH SPECIES IN 
THE GULF OF CARPENTARIA INSHORE GILLNET FISHERY 
(Contributed by Mr G R McPherson, Northern Fisheries Centre, PO Box 5396, Cairns QLD 
4870) 

5.1 INTRODUCTION 

The dominant finfish species in the Queensland Gulf of Carpentaria inshore gillnet fishery are 
the barramundi, king salmon and blue salmon, golden grunter, black jewfish and the 
jewelfish. The biology of Gulf barramundi has been a focus of research investigation in 
recent years ( eg. Davis 1982 and 1984; Garrett 1987 and 1992; Russell and Garrett 1983) 
because of its market attractiveness and aquaculture potential. By comparison, surprisingly 
little biological information is available for the other species which contribute significantly to 
Gulf fishery landings. The few published accounts that are available relate almost entirely to 
the species elsewhere in their Australian or Asian range. 

A lack of biological data, especially of information associated with reproduction, diminishes 
the certainty that informed decisions will be made regarding the status of fished resources and 
the sustainability of the harvest. A sound knowledge of the reproductive strategies employed 
by Gulf fish species is required to determine appropriate legal fish taking sizes, to provide 
protection for breeding aggregations that are vulnerable to fishing pressure, and to aid in 
understanding of recruitment processes in the maintenance of local populations. Because such 
information is currently not available for key species taken in the Gulf inshore gillnet fishery, 
the effectiveness of management initiatives for these resources may well be less than desired. 

5.2 SPECIFIC OBJECTIVES 

The uncertainties surrounding some of the most fundamental biological and population 
processes in the most important target species in the Gulf gillnet fishery have identified a clear 
research need. 

To address this need, a program of research was initiated with the following objectives: 

1. To undertake over a two year period an investigation of the reproductive biology of key 
target species from the Queensland inshore gillnet fishery in the eastern Gulf of 
Carpentaria waters. 

2. To include this information in biological baseline fishery assessments for the major catch 
species. 

3. To make these assessments available for consideration by management authorities in the 
development of Gulf Fishery Management Plans. 
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5.3 MATERIALS AND METHODS 

5.3.1 Collection of material 

Material assessed for the reproductive study was derived from specimens provided by volunteer 
fishers. These fish were also used for ag~ and growth analyses, and the full details of the 
sampling program are given in Section 4. 

Truncation of the originally planned program for sample collection, examination and analysis 
down to a two year exercise was forced by funding limitations. Material was collected 
throughout the life of the project in an attempt to gather adequate sample sizes for 
examination and analysis. Only preliminary assessments of the collections have been 
completed, and their results form the basis for this report. The remaining material will be 
worked up as opportunity and need arises. The collections represent a valuable baseline of 
information that will serve as reference points for future fishery assessments of key Gulf fish 
species. 

Fish lengths in golden grunter, king and blue salmon, black jewfish and jewelfish were 
measured to the nearest 0.5 cm in Length at Caudal Fork (LCF) and/or Total Length (TL) 
depending on caudal fin shape. Whenever possible, fish were weighed to the nearest 1.0 g 
Total Weight (TWT); however most samples from commercial net and recreational line 
catches had already been filleted and so were not weighed. 

Specimen gender and reproductive maturity stage were macroscopically determined from 
examination of the sex organs in situ (Nikolsky 1963). Gonads were weighed to the nearest 
0.1 g, then preserved in a 10% neutral buffered formaldehyde solution (Hunter 1985). 
Reproductive data used in association with age and growth analyses were based on 
macroscopic assessment when histological assessment was not available. 

5.3.2 Laboratory analyses 

Preserved gonad tissue samples from Gulf fish were embedded in paraffin and sectioned at 6 µm 
(testicular and non-mature ovarian tissue) or at 6-10 µm (mature ovarian tissue), then stained 
with Harris's haematoxylin and eosin. Slides were prepared from proximal, medial, and distal 
regions of one gonad lobe. 

Calculated length at 50% maturity was estimated from a logistic model after Saila et al. (1988), 
using the proportion of mature gonads in fish grouped by 2.5 or 5 cm length classes. 

Gonadosomatic indices (GSI's) were calculated as the ratio of gonad weight to total body 
weight for both males and females. Where total weight information was not available, an 
estimate was calculated from length-weight relationships that were derived for each species. 

Preliminary yield-per-recruit modelling exercises were conducted to help determine 
appropriate minimum legal sizes for the Gulf fish species of interest. The yield-per-recruit 
(YPR) analyses used an integrated model (Quinn and Deriso, in press; Schnute 1981) which 
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to 

database 

Macroscopic detennination of maturity was made of the gonads from a total of 1456 
specimens from the five Gulf fish species under consideration. Histological preparations of 
preserved material were used to test the reliability of macroscopic assessment of maturity. As 
Table 5.1 demonstrates, to date only a small number of comparisons have been undertaken 
(average of 12.1 % for each species). 

The reliability of macroscopic staging used in this study is uncertain as the gonads examined 
were usually from whole specimens or frames stored in refrigerated seawater on board the 
processing vessel for some time before freezing and forwarding for laboratory analysis. 
While this sampling protocol was sufficient to retain samples for age and growth analysis, it 
proved inadequate for reliable identification of fish in a spent reproductive condition from 
those whose gonads were simply in a poorly preserved condition. Histological assessments 
subsequently confirmed many of the difficult field macroscopic assessments. Routine 
examination of the histological preparations from the remaining material detailed in Table 5 .1 
will be conducted and reported on outside of this project. 

Table 5.1 Summary data for reproductive material collected for each species, showing 
length ranges of macroscopically observed mature fish, number of histological samples taken, 
and the number of histological samples used in reliability assessments of gonad maturity. 

Species Sex Observed range -

I 
Histo. Samples 

(Length type) length at maturity Taken Exam. 

Golden grunter M 24- 61 161 14 
(LCF) F 18- 63 286 45 

King salmon M 28-101 108 0 
(LCF) F 87-109 35 1 I) 

Blue salmon M 24-44 42 6 
(LCF) F 33- 88 240 49 

Black j ewfish M 65-139 153 0 
(TL) F 92-150 157 1 

Jewelfish M 42- 77 124 31 
(TL) F 34- 55 150 27 
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assessments 

of 
TWT=a ~ 

------,,,,., 

a b 

2.64E-05 2.85 
. King salmon LCF 2.37E-05 2.81 0.99 169 

Blue salmon LCF 1.34E-05 3.02 0.98 115 9.6 - 64 
Black j ewfish TL l.50E-05 2.88 0.99 25 59 - 143 
Jewelfish TL 3.97E-05 2.61 0.98 119 15 - 69 

These length data were combined with size-at-age infonnation (Section 4, this study) m 
consideration of fish length and age at sexual maturity. 

5.4.3 Golden grnuter 

The GSI's of both male and female Pomadasys kaakan exhibited a noticeable increase during 
the winter months ( see Figure 5 .1 and Figure 5 .2), reaching a peak for both sexes in August. 
GSI values fell off slowly during the spring. Although data from the summer months is 
limited to a few male fish taken in December, it appears that most reproductive activity is 
completed by that time of the year. Following a period of reproductive inactivity through 
autumn, a small number of mature fish were first detected in June. Greater definition of the 
seasonality of reproduction in golden grunter must await the examination of the remaining 
prepared histological material. 
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Figure 5.1 Gonadosomatk grunter. 

Only very preliminary estimates of length at maturity for golden grunter are presented in this 
document. Macroscopic examination of samples suggested minimum observed lengths at 
maturity for male and female golden grunter were 24 and 18 cm LCF respectively (Table 5 .1 ). 
Histological confomation for these estimates is required because of the uncertainties 
associated with macroscopic staging of gonads from the commercial fishery (8 and 15% of 
male and female fish samples respectively have been histologically assessed). The available 
data indicate that golden grunter may mature as early as years l and 2, but most fish mature 
during their third year of life (Section 4, this study). 

Using the logistic method of Saila et al (1988) to calculate £50, the length at 50% maturity, the 
most parsimonious fit of the model to the data gave estimates of 36.6 and 46.3 cm LCF for 
male and female golden grunter respectively (Figure 5.3 and Figure 5.4). These findings 
suggested that maturity occurs primarily during year 3 for males, and during years 3 or 4 for 
female fish (Section 4, this study). 
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Figure 5.2 Gonadosomatic index for female golden grunter. 
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Figure 5.3 

Using an integrated model approach (Schnute 1981), preliminary yield-per-recruit analyses of 
golden grunter caught in gillnets indicated that the full selection to any of the net mesh sizes 
currently allowed for use in the fishery, occurred at a fish length greater than 40 cm. A new 
minimum legal size (MLS) for the species of cm is to be introduced to the Gulf of 
Carpentaria inshore fishery in February 1997. A fishing mortality (F) value of 0.4 was 
estimated from recreational line fishery data, plus the limited net catch data available. The 
predictions for the percentage (or relative) virgin spawning stock biomass (% SSB/R) 
indicated that spawning stock biomass levels would remain quite high, at least as far as the 
gillnet component of the fishery was concerned, at the present level of fishing mortality ( see 
Figure 5.5). 
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Logistic model estimation of the £50 for female golden grnnter. 
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By comparison, YPR analysis of golden grunter from the mainly recreational line fishery 
clearly showed that relative yield was higher with the MLS set at 30 cm TL than with the new 
40cm TL limit to become effective in 1997. However the available biomass and particularly 
SSB/R were substantially lower (Figure 5.6) at the 30cm TL MSL value. The SSB/R did not 
reach a predicted level of 40% (which is presently considered as a critical level for demersal 
fish stocks; see Clarke (1991)) until F levels rose above 0.4. The model assumed that there 
was a 5% mortality of fish released below legal size. 
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The model predicted that a tentative increase in MLS to 35 cm would not substantially alter 
the relative weight yield to the line fishery from that available with a 30cm MSL. Yield in 
weight is not always considered essential for recreational fisheries (Die et al. 1988). The 
increase to 35 cm did substantially raise the SSB/R for any predicted level of F (Figure 5. 7), 
with the virgin stock biomass rising to about 60% for the current estimated F level in the line 
fishery. The increase in SSB/R for the minimum legal size value of 40 cm, to be introduced 
in 1997, is even more favourable (Figure 5.8). 
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observed length 28-101 87-1 cm mature male and fomale king salmon 
respectively 5.1) suggests that sex change is not restiicted to a narrow length 
range. At the present preliminary state of analysis, the best estimate of at 50% 
maturity in the female phase is 95.4 cm LCF (Figure 5.9), at which size king salmon are 
between 6 and 10 years old (Section 4, this study). Insufficient data are currently available 
from histological assessments to confinn the age of maturity the male and female phases of 
this species as the majority of fish aged in this study did not have matching reproductive data 
recorded. The task of confirmation be completed and reported elsewhere. 

I{ing - fe1nale phase 
1.00 

~ 
:... -.... 0.50 -~ i'.50 = 95.4 cm LCF 
s 
~ 

0.00 
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Fish length cm LCF 

Figure 5.9 Logistic model estimation of the £50 for female phase king salmon. 

Based on GSI data, maturation of the testes in king salmon males occurs quite rapidly in late 
winter (August), then slowly tails away during early spring months (Figure 5.10). The 
commercial netting closure during summer eliminated the major source of samples for this 
species. However from the appearance of the graph in Figure 5.10, it seems likely that any 
reproductive activity during these months would be at a low level in comparison with that in 
late winter/early sp1ing, at least in those Gulf riveiine and coastal habitats where the inshore 
gillnet fishe1y operates. The circumstances surrounding the maturation status and cycles of 
more offshore salmon stocks remain unknown. 

95 



25 

n= 
20 

15 

10 

5 
I- - ·Iii! lll:- --

@I 

0 

1 2 
,., 
J 4 5 6 7 8 9 10 11 1 ,, ,L 
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GSI data for female king salmon (Figure 5.11) do not indicate such a clear seasonal pattern of 
sexual activity as demonstrated for the males, and the data subset are much less extensive 
through the year. The peak GSI values in late winter (August) appears consistent with the 
peak of gonad development in males. Once again, the availability of samples for reproductive 
assessment was very much dependent on commercial fishing activity - there is a virtual 
absence of female fish in samples from October to January. 
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Figure 5.11 Gonadosomatic index for female phase king salmon. 
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Because of the limited data set available, no attempt has been made to present in this 
document even preliminary information on YPR analyses for Gulf king salmon. 
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observed range of mature and females cm 
respectively (Table 5. is evidence sex change is restricted to a much narrower length 
range in a much shorter lived species king salmon. 1\tfaturity at calculations showed 
that two year old females were present in the collected samples, which suggests that sex 
change commenced by the second year of life (unless direct maturation of females from 
sexually immature individuals occurs, contrary to the hennaphroditism status accepted for the 
species throughout its Inda-Pacific range). At the present preliminary state of data analysis, 
the best estimate of length at 50% maturity in the female phase (after Saila, et 1988) is at 
54.3 cm LCF (Figure 5.12), at about four years of age (Section 4, this study). The low 
proportion of fish, from this data set, especially in the larger size classes, observed in an 
advanced state of maturity may explain the poor representation of the data by this model. 
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Figure 5.12 Logistic model estimation of the £50 for female phase blue 
salmon. 

The period of heightened reproductive activity for both male and female blue salmon as 
shown by GSI data (Figure 5.13 and Figure 5.14), suggests a more extended breeding season 
than in king salmon, even allowing for the lovv number of samples available during those 
summer months that coincide with the commercial fishery closure period. Gonad 
development starts in late autumn and eariy winter months, and reaches a peak in mid to late 
winter - July and August for males and females respectively. Reproductive activity continues 
into September and October, then falls away quickly by summer. 
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Preliminary YPR analyses of blue salmon catches in gillnets indicated that full selection to 
any of the net mesh sizes used in the fishery did not occur until after the current 40cm TL 
minimum legal size for the species was reached. While present levels of fishing mortality 
could not be estimated effectively, there is no evidence based on the limited data available to 
suggest that present levels of gillnet fishing pose any threat to spawning stock biomass levels 
in blue salmon (Figure 5.15). 

While the data set for the selection of blue salmon to recreational line fishing gear in Gulf 
waters ( and elsewhere) is extremely limited, increasing the MLS from the relatively small 40 
cm TL value may have benefits for the recreational fishery. Once again, survival rate after 
release of undersized fish is likely to be critical for calculations, but it is likely to exceed the 
release performance for fish taken in the gillnet fishery. 

..... 

500 

400 

(I) 300 c., 
= 
~ 200 
~ 

100 

0 

n=564 

1 2 

--- --------------------- -- ------- --- - -------- - --~-----

Blue salmon - female phase 

3 4 5 6 7 8 9 10 11 12 

Month 

Figure 5.14 Gonadosomatic index for female phase blue salmon. 
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Insufficient data were available to detem1ine a period of peak reproductive activity for male or 
female black jewfish from GSI data, a circumstance that will alter when all collected material 
is examined. Size at first maturity details (Table 5.1) suggest that male black jewfish may 
mature at a smaller size than females. The observed length at first maturity of female black 
jewfish of 92 cm TL coincided with the length at 50% maturity estimate of 97.8 cm TL from 
the logistic model (Figure 5.16). These values in tum indicate an age at first maturity of 3-4 
years for female black jewfish in Gulf waters (Section 4, this study). 

1.00 
Black jewfish - females 

f 50 = 97.8 cm TL 
l!l 

........ ·11· ..... 

0.00 

0 20 40 60 80 100 120 140 
Fish length cm 

Figure 5.16 Logistic model estimation ofthe £50 for female black jewfish. 

Additional data to refine the estimate of length at first maturity established in this study will 
become available following analysis of the histological preparations from 153 male and 157 
female black jewfish taken during the project (Table 5 .1 ). 
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Figure 5.17 Gonadosomatic index male 

All estimates of reproductive parameters for jewelfish presented in this contribution must be 
regarded as uncertain because of the difficult taxonomic status of the species, particularly in 
the smaller size classes (Section 4, this study). Elimination of all doubtful samples using 
otolith morphologies (J Johnston, Queensland Museum, pers. comm) has reduced the 
collection of Nibea squamosa samples to 274 individuals (Table 5.1). Examination of these 
reveals that jewelfish males and females exhibit a very broad reproductive period. Lowest 
reproductive activity as demonstrated by reduced GSI levels occurs during late autumn and 
early winter (Figure 5 .17 and Figure 5 .18) for males and females respectively. 

400 Jewelfish - females 

n =383 

300 

"""' lfl 
0 f ,, 
~ 200 ',,l e,:i 

~" 
Q.l 

'~ 
100 ~-, 

,, I/ 
ill 

0 

1 2 3 4 5 6 7 8 9 10 11 12 

Month 

Figure 5.18 Gonadosomatic index for female je,velfish. 

While the observed lengths at first maturity were 42 and 34 cm TL in male and female 
jewelfish (Table 5 .1 ), an estimate for length at 50% maturity could only be calculated for 
males, at 45 .6 cm TL (Figure 5 .19). The low propo1iion of fish in the larger size classes in an 
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5.5 DISCUSSION 

This study has examined the reproductive biology of five finfish species associated with the 
Gulf of Carpentaria commercial gillnet and recreational line fisheries, namely, the golden 
grunter (Pomadasys kaakan ), king salmon (Polydactylus sheridani), the blue salmon 
(Eleutheronema tetradactylum), the black jewfish (Protonibea diacanthus), and Nibea 
squamosa, a member of a group of sciaenid species commonly referred to as 'jewelfish'. 

The e1Tatic availability of material for the species of interest and the brief time-run of the 
project has meant that only preliminary estimates can be provided for the relevant 
reproductive parameters, based on detailed analysis of only a portion of the database. 
Nevertheless, baseline infonnation is now available that can serve for future studies of Gulf 
fish populations. 

The highly seasonal nature of the commercial gillnet fishery caused by the annual November 
through January gillnet closure period, and the recreational line fishery being largely confined 
to the cooler winter months, has made collection of monthly samples for reproductive analysis 
difficult. Achieving adequate samples for reproductive assessment was also influenced by the 
seasonal abundance of these species and their incidence of capture in commercial fishing 
operations targeted on barramundi. 
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The occurrence mature gonads in lengths to 
this age group, observed in study was also noted by (1989). author considered 
that reproductive development in such fish was incomplete, and that spawning would not 
occur. Bade ( 1989) considered most golden grunter to be mature by the second year, a year 
earlier than the Gulf populations examined our study. 

The preliminary yield-per-recruit analyses suggest that the giHnet fishery has only a minor 
impact on the relative spawning biomass of grunter stocks in the major southern fishing 
grounds of the Gulf. The increase in minimum legal size from 30 to 40 cm TL in the 1997 
fishing year appears to be an appropriate conservation measure for the recreational line fishery 
which has received considerable fishing effo1i over recent years (Anon 1996a). 

5.5.2 King 

Griffin (1990) found evidence of protandric sex change for Polydactylus sheridani in 
Nmihern TeITitory waters. Males were observed to mature after 70 cm LCF and sex change 
occurred at an LCF of between 80 and 100 cm. Russell (1988) also reported hermaphroditism 
in central Queensland P sheridani, but found the size of first maturity (in male fish) was about 
40 cm TL. Garrett (1992b) observed southern Gulf king salmon matured as males at 60-80 
cm LCF, and females were first noted at 70-90 cm fork length. Essentially the same 
observations were made for Gulf king salmon in this study, except that mature males appeared 
in much smaller size classes. 

Based on consideration of GSI data, our study established a late winter-spring breeding peak 
for Gulf king salmon. This finding appears at odds with those of Russell (1988), who 
established a late spring-summer (October-January) spawning season for east coast 
populations, and with that of Garrett (1992b) for southern Gulf fishing grounds. Barramundi 
in Gulf waters demonstrate an extended breeding season (Garrett 1987 and 1992b) with more 
northerly stocks spawning as early as September and October before water temperatures 
become unfavourable for egg fertilisation and development; more southerly Gulf barramundi 
spawn in November and December. A similar breeding strategy may be employed by Gulf 
king salmon. Support for this argument from genetic stock structure analysis is equivocal 
(Section 3, this study), unlike the strong evidence for population subdivision in Gulf 
barramundi (Keenan, 1994). 

The present minimum legal size for the species in Queensland is 40 cm TL ( or approximately 
32 cm LCF). This measure serves to protect fish less than 2 years of age, which are almost 
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precocious maturity as males at the end the year of 
in the second year, and males being rare in three year old fish. Hermaphrodites and functional 
females were sampled at three years of age, although Stanger (1974) was unable to age fish 
from otoliths older than this. four years of age, about half of all female blue salmon 
examined were reproductively active. 

The species has a prolonged spawning period in Queensland east coast waters, from about 
July to April (Russell 1988; Stanger 1974). The breeding season for E. tetradac(vlum in Gulf 
waters appears to extend from early winter into summer, perhaps finishing before a1mual wet 
season flood rains degrade nearshore environmental conditions for spawning and larval 
development (as defined by Chao et al 1994). 

The present levels of mortality in the Gulf blue salmon resource attributable to gillnet fishing 
operations could not be estimated effectively. However, yield-per-recruit analyses based on 
the available data suggested that the present level of gillnet fishing for this species in Gulf 
waters did not pose a threat to the resource. Nevertheless, the effect of concentrating fishing 
mortality primarily at the larger, female sex phase is uncertain, and should be investigated as a 
matter of urgency. 
Vv'hile an increase in minimum legal taking size would increase the estimated SSB/R level in 
the commercial net fishery, the extremely low likely survival rate of released fish (B Kehoe, 
Karumba QCFO pers. comm) suggests that this would never be a worthwhile option for the 
gillnet fishery. Calculations reveal that a survival rate of better than 95% would be required 
to achieve any obvious improvement in relative spawning stock biomass for this fishery. 

5.5.4 Black jewfish. and jeweifish 

No comparative data are available for the reproductive biology of these species. No juvenile 
black jewfish with the characteristic colouration and markings attributed to this life cycle 
stage (Gloerfelt-Tarp and Kailola 1984) were present in collected specimens from Gulf fishing 
locations, and the location of spawning grounds and their environmental characteristics 
remain unknown. Even the largest (and oldest) specimens of Protonibea diacanthus 
examined in this study ( ca 150 cm TL; the species is reputed to grow to at least 210 cm TL 
and 80 kg in Gulf waters; G Ward Karumba QCFO pers comm) appeared to be reproductively 
active. Seasonal aggregations of many hundreds of black jewfish have been reported at a 
number of remote northern Australian locations ( eg Newman 1995) in recent years; these have 
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5.6 RECOMlVIENDATIONS INVESTIGATION 

The results from this study must be regarded as very preliminary in nature, as a maJor 
proportion of sampled and processed material remains to be examined. Completion of the 
required assessments should be easily facilitated because all histological samples have been 
processed and only require microscopicai examination. Additional examination matching 
otolith samples must also be undertaken to refine estimates of age at maturity for all species. 
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been incorporated 
The measure is especially important 

Confim1ation king salmon blue salmon are protandrous hennaphrodites in Gulf 
waters, verJ different sizes at sexual maturity, should stimulate of the 
appropriateness of their CU1Tent minimum legal sizes. More detailed yield-per-recruit analyses 
for these species are required as a matter of urgency. The present MLS for king salmon serves 
to protect fish for only a paii of their sexually immature phase of life. For blue salmon, the 
effect of concentrating fishing mortality almost exclusively on the female component of the 
population is uncertain, and should be investigated. 

A maximum legal size may be introduced for a species if there is evidence of an insufficient 
ratio of male to female spawners in the population. Investigating possible influences of 
fishing-induced decreases in average adult fish size and altered population sex ratios in 
prota:ndric species was outside the scope of this project. Nevertheless, future resource 
assessment programs should include monitoring of sex ratios of these species on heavily 
exploited Gulf fishing grounds. 

Heavy fishing pressure can cause stock-recruitment problems in protandric species 
populations by removing the large fecund female fish which had contributed significantly to 
spawning output and eventual recruitment to the fishery. The dramatic decline of the Gulf 
king salmon fishery, and the rarity of large female fish in recent net catches, may be 
significant in this regard. Industry concerns about the impact of removal of large female 
barramundi were responsible for the introduction of the present maximum legal size for this 
species. 

The study has demonstrated that peak reproductive activity for the five key species occurs 
during winter or spring months. The fishing closure period in summer, which was instituted 
to protect spawning baffamundi stocks, does not afford the same protection for the Gulf 
species considered here. Peak spawning times may differ throughout a species' Queensland 
range, suggesting that seasonal closure specifications should reflect this variability for 
biological accuracy. 

A feature of sciaenid life cycles around the world is the seasonal aggregation of adult fish for 
spawning. These concentrations can present especially vulnerable fishery targets, and their 
overexploitation can lead to severe depletion of local stocks. While the reproductive status of 
black jewfish aggregations has not yet been demonstrated, the potential impacts of intensive 
fishing pressure on these formations should be a concern for fishery managers. Establishing 
the biological basis for, and importance of, these aggregations should be a priority task. 
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evidence suggests 
although the mechanisms responsible are not known. 
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Thanks to the co-operation of Gulf fishers with the new logbook, an enhanced level of 
infom1ation is now becoming available for monitoring perfonnance. While concerns 
remain about the insensitivity of several parameters being ( eg fishing effort is 
recorded as 'fishing days' without consideration of quantity of net being used), the 
logbook system now operating in the Gulf offers significant input to assessments of fishery 
status and about trends in resource condition. The introduction of an equivalent monitoring 
system on the east Queensland coast can be expected to provide similar benefits to industry 
and the management sector. When coupled with fishery-independent evaluation of fishery 
resources, the initiatives can provide real-time mechanisms for following the impact of 
interventions introduced through Fishery Management Plans, and for comparing observed 
results with predicted outcomes from fishery modelling exercises. 

Recommendations 

1. That the minimum legal size for golden grunter Pomadasys kaakan in Gulf of Carpentaria 
waters be increased from 30 cm TL to 40 cm TL. It should be noted that this measure has 
now been incorporated into Queensland fisheries legislation. 

2. That work to establish a biologically appropriate minimum legal size for king salmon 
Polydactylus sheridani in Gulf waters be concluded as a matter of high priority. The 
present measure of 40 cm TL does not adequately protect sexually immature fish. The 
appropriate value for the new size measure should be ascertained after further consideration 
of all available data and the results of yield-per-recruit analyses. 

3. That any future consideration of seasonal fishery closures for key fish species should take 
into account the likelihood of spawning asynchrony of populations in different regions of 
the Gulf. This approach has led to an extension of the closed season arrangements for 
barramundi, as part of the Gulf Fishery Management Plan. 

4. That fmiher investigations be carried out to detem1ine the biological significance of 
seasonal aggregations of black jewfish Protonibea diacanthus in Gulf waters, and their 
fishery impacts on local populations. 

5. That additional research be undertaken to complete the analysis of stock structure in key 
Gulf fish species. The resulting stock biogeography should provide information on 
patterns of dispersal of larval forms, and on the value of existing closed rivers as 
recruitment sources. 
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6. That the current Gulf Set Net Fishery logbook program be standardised for use in Gulf and 
Queensland east coast gillnet fisheries. 

7. That selectivity curves be determined for gillnets of various mesh sizes used in the Gulf of 
Carpentaria set net fishery to establish their influence on biological parameters derived 
from fishery data. Tidal influences on net mesh performance needs to be established as part 
of this investigation. 

8. That the potential yield (both 'biological and financial) from inshore resources be 
established for the Gulf Set Net Fishery, in order to define fisher incomes and to manage 
the fishery effort required to achieve them. 

9. That long-term fishery-independent resource assessment and monitoring programs be 
developed and introduced for the tropical Queensland gillnet fisheries, to complement the 
commercial fishery logbook programs. Integrated resource assessment and monitoring 
initiatives in gillnet fisheries was a priority research need identified by the QFMA's 
Tropical FinFish MAC (Anon 1997). Appropriate sustainability indicators must be 
developed as part of the resource assessment, and this information included in the relevant 
Fishery Management Plans. 

IO.That detailed stock assessment of key Gulf inshore fish species be undertaken as a matter 
of urgency. Preliminary stock assessments for barramundi and threadfins will be 
facilitated by current efforts of the FRDC-funded Tropical Resources Assessment Program 
(95/049). This project is developing fishery models to test simulated exploitation under 
various management regimes, and will derive the analytical procedures needed for periodic 
intensive stock assessments of target species. 

7. BENEFITS 

The project has been successful in delivering a range of outcomes that were identified at its 
inception as being important to the fishing industry and to fishery managers. 

Commercial, recreational and indigenous finfish fisheries along Queensland's tropical 
coastline depend on the continued viability of inshore fish resources. The research effort 
described in this report has contributed biological and fishery information required for the 
sustainable use of those resources, and to maintain prospects for the fishing industry over the 
long term. 

Results from the project have been used by the Queensland Fisheries Management Authority 
in developing new Fishery Management Plans for the inshore fisheries in the Gulf and on the 
East Coast (Anon 1996a, 1996b). The inputs include the identification of biologically 
appropriate minimum legal sizes and gear use for the major target species, and the 
introduction of an improved commercial catch reporting system for Gulf fishery resource 
condition and trend evaluation (Williams 1997). Details revealed by the project for species 
stock structure have contributed to current Queensland Government policies that guide fish 
stock enhancement activities and aquaculture industry development in the State. 

As well, the project has delivered direct benefits in understanding of the dynamics of target 
species populations in Queensland inshore net and line fisheries. FRDC funds a stock 
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FURTHER 
Achieving responsible and sustainable use of fishery resources requires the integration of 
three key elements: detailed biological info1mation and harvest statistics; an understanding of 
the dynamics of the resources in relation to fishing pressure and other impacts and; an 
ongoing evaluation of resource status and condition. The strategy for resource assessment in 
the tropical Queensland inshore fisheries has involved progressive implementation of three 
key initiatives. 

In the first phase, critical age growth and reproductive characteristics have been established 
for the target species. This information has now been obtained in FRDC Project 92/145 for 
the important Gulf threadfins, grunter and jewfishes. This project has also developed 
procedures for detailed monitoring of fishery performance in the Gulf inshore fishery. Short­
term exercises such as these provide the benchmark inforn1ation necessary for longer-term 
evaluation of resource condition and fishery monitoring. 

The second phase has been to gather the tools that are necessary for examining the impacts of 
fishing on the dynamics of the fished resource. This is the function of the current Tropical 
Resources Assessment Program (TRAP) FRDC Project 95/049, which commenced in January 
1996. Here, fishery models are being developed to test simulated exploitation under various 
management regimes, and to derive the analytical procedures for periodic intensive stock 
assessments of the key target species. 

The third key element is to develop and put in place programs for biological and fishery 
monitoring of tropical inshore fish stocks in Queensland over the long-tenn. Routine ongoing 
monitoring is essential for the evaluation of changes in management policy now being 
proposed for the Gulf of Carpentaria and East Coast fisheries. Biological and fishery 
monitoring exercises that make effective use of the baselines established in the first and 
second phases of the Queensland resource assessment strategy can help ensure that new 
Fishery Management Plans meet their goals for sustainable resource use. Ideally, the 
continuous assessment of available fish stocks should include both fishery-dependent a.rid 
fishery-independent data sets (Radovich 1975). Size/age-structured catch information can 
then be incorporated with harvest data for resource assessment over time, using fishery 
models developed in the TRAP project. 
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proposed for the fishery incorporate minimum legal sizes for the target species based on 
project data, changes to the fishing gear used (especially mesh size) to diminish 
vulnerability of immature specimens to net capture, and alterations to the timing fishing 
closures. 

2. Development and successful introduction of monitoring systems necessary for long-term 
fishery assessment of the major catch species. The "research" catch and effort logbook 
trialed in 1994 had, in 1996, become the industry standard. The system enjoys high 
compliance among Gulf fishery pmiicipants and is expected to be introduced to the East 
Coast fisheries in the very near future. \Vhen coupled with fishery-independent evaluation 
ofresources, a time-series of high quality data can be generated for detailed examination of 
resource dynamics, for periodic intensive stock assessment of target species, and for 
establishing the effectiveness of tropical inshore Fishery Management Plans. 

3. Establishment of baseline details of resource status and fishery activity on the major 
fishing grounds. Such benchmarks are necessary for the detection and assessment of any 
changes that might occur over time. Biological (size-structured and age-structured catch 
data) and fishery (catch per unit effort) statistics are now available for the major inshore 
target finfish species in Gulf waters. However, measurement remains to be made of the 
range in variation over time for fishery-sensitive life history parameters including the age­
structure of stocks, age/size of sex change (where this occurs), and the incidence of 
sexually immature specimens in catches. 

4. Development of management options for the Gulf of Carpentaria multispecies inshore 
gillnet fishery, and the relevm1ce of this information to similar fisheries on the east 
Queensland coast and elsewhere in tropical Australia. By putting in place industry­
suppmied and -driven programs for fishery monitoring and resource analysis, this project 
has made a major contribution to infonned review of the Gulf Fishery Management Plan 
and practices. Consultation with industry has been a cornerstone of the process that has 
developed management advice for the fishery. 

5. Identification of further research priorities necessary for achieving sustainable use of Gulf 
inshore fishery resources. Support from FRDC has already enabled investigations to 
proceed on modelling the dynamics of the fished resources (Tropical Resources 
Assessment Program TRAP, Project 95/049). This initiative will permit forecasting of the 
likely outcomes of suggested management interventions, and will produce an initial 
assessment of tropical inshore stocks. Long-te1m fishery-independent resource assessment 
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