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The western king prawn penaeus latisulcatus Kishinouye



PRIÌFACE

The prawn fishery in South Australia is unique on tr^/o accounts.

Firstly ít is based on a single species of penaeid prawn (Penaeus

LatisuLeatus) and secondly, sensible management measures r^rere taken at

its very inceptíon in 1968. These measures have served the fishery

well in its development.

However, the fishery has now progressed beyond the developmental

stage. rts very nature (involving a luxury food item and handsome

profits shared amongst the 61 vessels in the limited licence fishery)

has created an unfortunate amount of publicity, jealousy and greed.

Management, under these conditions, continues to involve more socio-

logical and economic issues than biological. Nevertheless, knowledge

of the general biology and population dynamics of the species is basic

to sound management.

There are several published accounts of studíes on P. LatisuLcatus

in l,rlestern Australian waters (Penn L973, r974, r9l 5 , lrrhite L973). rn

south Australia, work on the physiological aspects of the species is

being carried out (P. zed, L977, university of Adelaide) but to date

there has been no published work on the biology of P. Latisulcatus in

this State.

Generally, studies on the biology of marine species in South

Australia have been few. The exceptions are maín1y studíes on commercially

or recreationally important species such as the garfish (Líng 1956), the

yellow-eye rnullet (Harris 1968), the pilchard (Blackburn t95O), abalone

(Shepherd, L973 ) , Goolwa cockle (King, Ms.), pacific oysrer (King

1977), razorfísh (Butler and Brewster, in prep.) and Rock Lobster

(Lewis, in prep. ) .

Th-is thesis reports the results of research begun in 1973 to study

the biology and population parameters of the Western King Prawn in South

Austral_ian waters.

The following strategy has been used in the presentation of this
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thesls. The btology and life-cycle of penael-d prawns ln general is

discussed in the fntroduction. A formal literature survey is not

included, but the work of others, where relevant, 1s quoted and

discussed 1n the appropriate part of the thesis.

As the juveniles and adults exist in separate geographic areas

(termed inshore and offshore for convenience) the blology of each is

presented ln separate sections. A short account of the history and

management of the flshery is included at Èhe beglnning of the section

on adulÈ.s.



(11r)

CONTENTS

A

B

c

D

Summary

IntrodueËion

Methods

Results

I. Juvenlles

I Environrnent

Dísbributíon and abundance

a. Areal

b. Seasonal

LengLh frequencies

Growth

Feedíng

Behaviour

a. activlty - (1) daily light /datk cycle

(2) rnonthly lunar cYcle

(3) seasonal cycle

b. emigration

Mortality

a. decrease in catch raÈe

b. predators/lntrasPecffic assoclatlons

3

4

5

6

2.

Adults

l. The Fishery

a. Hístory

b. Físhing methods

c. Management - (1)

(2)

(3)

(4)

7

II.

licence limítatíon

zone restrictíons

closures

vessel and gear restrictíons

d Catch sÈatistics - (t) annual
(2) seasonal



2

3

4

5

6

(ív)

Environment

Dístribution in the S.A. fishery

Length frequencies

Recruitment

GrowÈh

a. by tag-recapture exPeriments

Spencer Gulf - (1) calculaÈed

(2) estí¡nated

b. by length-frequency analysis

Northern Spencer Gulf (1) modal progressíon

Investigator Strait (1) modal progression

(2) age-class analysis

Reproduction

a. Reproductíve biology

b. Development of the ovary -

(1) Histology

(2) I'forphology

c. Size at sexual maturity

d. Spawning cycle

e. Spawning areas

f.. Sex ratios

g. Spawner/recruit relationships

Feedíng

Behaviour

a. Activity - (l) daily light/darlc cycle

(2) monthly lunar cycle

(3) seasonal cycle

b. Iloulting cycle

c. Mígration - (1) speed of migration

(2) time of migration

(3) dírectíon of migration

7

8

9



!

¡

I

I

10.

11.

(v)

MortaliÈy

a. Total rnortallty
b. Físhing mortality
c. Natural mortallty

Yield

E

F

References

Appendices

1. Morphometríc data -

a. Total length vs. carap. length

b. Total weight and Tall welght vs.

c. Count/lb and count/kg vs. carap.

2. Catch statistics

3. Mesh selectivity

a. Juveniles

b. Adults

4. Relative flshing por¡rer

carap. length

length



A. SUMMARY

The western king prahln, Penaeus Latisulcatus il.as been fished

commercially in South Australia since f968. In 1973, the present study

was initiated in Spencer Gulf and in mid 1976 research effort r¡/as

transferred to the Gulf St. Vincent and Investigator StraÍt. This

thesis reports the results of the research.

Juvenile prar{ns were found in many shallow T^Iater bays and tidal

creeks. The \,Iaters of these nursery areas were hypersaline' had high I

summer temperatures and were invariably associated wíEh seagrass

com¡nunities (mainly Posidonia austv'alis); many, but not all' T¡/ere

associated with stands of mangroves (AUicennia. maTina). In general,

sheltered areas to the north of both Spencer and St. Vincent Gulfs were

more favoured as nursery areas than southerly locations; however, large

concentrations of jUveniles were sometimes found in some isolated

southerly areas (e.g. Spaldíng Cove near Port Lincoln).

Both juvenile and adult pra\^/ns were found to feed on a wide variety

of maÈeria1 and are believed to be opportunistic feeders. Juvenile

prar{,ns r¿ere found to spend up to 12 months in the shallow \^rater nursery

areas. During thís period the juveniles had a fast summer grorllth rate

of up to 3 rnm carapace length per month and estimates of instantaneous

mortality varied from 0.007 per week at Chinaman's Creek (1976) to 0.026

per week at Barkerrs Inlet (1976). At about 23 mm carapace length

juvenile prar^rns migrated to deeper l^/aters to join the adult stocks.

Behavíoural mechanisms whích are believed to be involved in this migration

and recruitment to the fishable stocks are discussed.

After the time of the recruitment peak (December to February), high

catch rates were evident in the fishery, especially in Spencer Gulf. The

number of individuals recruited to the físhery varied from year to year.

Results of tagging experiments in Spencer Gulf indicated a general

southerly migration of adults after recruítment. Growth rates were

initía1ly high (approximately 3 rnrn per month) but lower during the winter



2

months. Values of the./on Bertallanfy growth parameters l¡Iere calculated

(K = 0.021 per r¡reek, L = 48 mm) but it is poínted out that there are

límítations in the use of this gro\^lth model for P. LatisuLeatus.

A method of assessing the reproducÈíve conditions of female P.

LatisuLeatus was developed for use on board trawlers. Results showed

that a peak 1n ovary development occurred around November in prawns in

Spencer Gulf. At present levels of fishing, there appears to be no

relatíonshíp between size of spawning stock in one year and recruitment

in subsequent years. The recruítment or catch poEential of a particular

year ís therefore líke1y to be related to the effect of environmental

factors on the survíval of the previous yearts juveniles in the inshore

nursery areas.

Present (I977) levels of instantaneous total mortatity (Z) for

Spencer Gulf were estimated to be 0.052 per week (approximately 57" per

week). The average value of natural mortality (I"1) was 0.028 per week.
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B. INTRODUCTION lt

The exploited species of pravrns in Australia belong to the genera

Penaeus and Metapenaeus. Species of these genera are generally

characterised by a short 1ífe cycle and correspondingly high mortality

rates.

Three basic types of life cycle have been discribed (Kírkegaard

1973): ocean prav,ns, which spend both their larval and-adult phases

offshore; estuaríne prawns whích complete their life cycle in esturies

or creeks and prawns which spend their juvenile phase inshore and fheir

adult phase offshore ín deéper r^/ater. Most exploited species belong to

this third category which includes the eastern king prar¡rn Penaeus

pLebejus (Racek 1959), the banana prawn P. menguiensis (Munro 1973), the

tiger prawn P. esculentus (Racek 1959) and the school prar^rn Metapenaeu.s

macLeayi (Racek 1959).

In these species spawning takes place offshore. Fertilization is

external and the eggs are shed near the sea bottom. Tirne taken to hatch

into the first larval stage (nauplius) ranges from about t hour in

P. menguiensis (Munro 1968) to 13 or 14 hours in P. japonicus (Hudinaga

i963) buE Èemperatures for these hatching times T^/ere not given by these

authors. The tirne Èaken for the eggs of P. Latisulcatus to hatch in

indoor Èanks is approximately 15 hours at 27oC (K. Yasuda,1977, pers.

comm. ) .

Followíng the nauplius, protozSþ ana mysi-s larval stages, the post

larvae reach and settle ín shallow t'nursery" areas on the coast. Here,

the juveniles gro\t to subadults before migrating offshore to join the

adult stock. Penaeid fisheries are therefore based on 'annual cropsf of

newly recruited prar^¡ns. The fishíng and natural mortality in most pra\^rn

fisheries is generally thought to be high enough to a1low only a small

number of individuals to reach their second year offshore.

The wesÈern king prar^rn, Penaetts Latisulcatus in Shark Bay, I^lestern

Australia is known to be unusual in that the 1arva1 stages migrate inshore
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\o waters that are of greater salinity than the offshore areas h/here

the adults live (Pennr pers. cornm.). Only a few other penaeids are

known, to have juveniles whích exist ín high salinityr areas -

P. caLiformiensis and P. bz'euiv'ostris (Edwards and Bowers, I974) -

As with other ¡enoeiÀs ín Austrai-.ía,.P. LatlsuLeatus probably

originated in tropical regions where it is wídespread (Racek & Dal1'

1965); the species is caught by trawlers operatíng in the coastal waters

of several countríes (Table B-l). Its distribution in cooler regions Ís

limited and there ís no evidence that the speçies has reached Australia

from other temperate regions. OutsÍde of Australía, P, LatisuLcatus lnas

been recorded as far south as Durban, Bay in South Africa (Joubert 1965).

TABLE B-I

Prawn fisheríes outsíde Australia where some or

all of the landed catch consists of Penaeus LatisuLcatus

LocatÍon Ref elrence

Saudi Arabia, Arabian Gulf

Africa, Mozambique coast

Sri Lanka, North coast

New Guinea

Lewis et aL (1973)

Ivanov & Hassan (1976)

De Bruín (1970)

Rapson & Mclntosh (197i)

lüithin Australian waters P. Latisulcatus is found from South

Australia around through r^/est. and tropícal Australia (Figure B-1). The

species has a scattered distribution down the east coast and has been

reported as far south as Ocean Grove Beach at the entrance to Port Philip

Bay (Winstanley 1975). The major fisheries for P. Latísulcatus are in

Spencer Gulf in South Australia and Shark Bay in Inlestern Australia. In

Shark Bay, however, a second species of penaeíd prawn, P. escuLentus, is

also caught. Table B-2 shows the L9l6 Iandings of Australian commercial

fisheries.
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TABLE B-2

1976 landings (tonnes) of Penaeus LatisuLcatus

from Australian fisheries

Shark Bay

Exmouth Gulf

Onslow

Spencer Gulf

Gulf St. Vincent

Investigator Strait

!'Iest Coast

I 511

232ülestern Australia

South Australia

I

2 r30

511

r47

5r



@ *-..rcial fisrrelY

.- gêrl.er'a,l occur¡errc¿

X reporled

Onslow

Exrnou*tr t
@ulf

Shark v

Bowen

Sr¡ssex lnlet

(ockburn
Sound

ETGTIFE B-1:

Distribution

Coffin Bay
Spe.ncer rf
lnvestigator 3t

Gulf S*'

Íwf^{'
o¡¡.1¡.orr{

t-
I

I

-l

fÉÉrs

of Penaeus latisulcatus in Australia. Bay 0 qrrrre Bch."b
:e



6

C. METHODS

A fíeld programme was desígned to obtain and study both juvenile

and adult Penaeus LatísuLcatus ín Investígator Strait, the Gulf St.

Vincent and especially the area whích constitutes the major fishery,

Spencer Gulf.

1. SAI'{PLING

Since the actívity of other penaeid prar^rns is known to be

related Èo the lunar cycle (I,Ihite 1973, Munro 1973) all regular

stations r¡rere sampled at the same períod of the lunar month.

a. Juveniles /

Juveníle prar¡rrrs r^tere sampled using a beam trawl , the design

of whích was adapted from similar shrimp nets used in Holland'

where the size of shrirnp in the commercial caich is símilar to

juvenile P. LatisuLcatus. Dimensions of the frame aie given ín

Figure C-l and the net is of %" (I2.7 mm) mesh (stretched between

knots). A 5mm diameter rticklerr chain was fitted and the action

of the net $ras checked by SCUBA diving.

A

Z06 crî'

Figure C-l: (a) The beam trawl designed to sample juvenile

ã9cfn'

B

Penaeus latisuLcatus and (b) underwater vane-protractor



7

A standard trawl consisted of the beam tra\^rl beíng towed

behind a 7 m boat at constant engine revolutions. The net was

always towed ínto the tidal flow gíving an approximate r^/ater

speed of. 2l¿ kn (1.3 rn/s). Trawl times varies berween 6 to 15

minutes and the catch r^ras recorded as number of prawns per minute.

In the ínitial stages of the programme samples were collected at

all stages of the tide and moon phase.

Other sampling gear used for juvenile prawns consisted of a

drag net and a small dip net, each with similar sized net ('4") to

the beam trar^rl. The drag net was similar to a traditional haul

or beach sein net in that it consisted of a net strung between

two poles, a weíghted bottóm line and a 3 m head line with floaEs.

However, unlíke the traditional gear the míddle portion or burit

was formed into a "belly" and t'cod endt'. The net was used in two

I4rays: firstly, by using the poles to drag the net by hand in the

shallows and secondly, by dríving the poles with stakes and guy

ropes into the bed of tidal creeks. The latter method was used

in an attempt to study the activity of juvenile pra\,üns in relation

to the ebb and flood tides. However, the use of set nets \^/as later

abandoned us irnprJ"tical due to the small number of prawns and large

quantities of drifting seagrass caught in the net.

Permanent monthly stations for juveniles \^/ere at Chinaments

Creek in northern Spencer Gulf and Barkerrs Inlet, St. Kilda in

Gulf St. Vincent (Figure C-2). In addition the distribution of

j uveniles_ I¡/aS ascertained by extensive shallo\^/ r^rater trawling at

north coast ofirregular

Kangaroo

intervals in both gulfs as well as on the

Samples of juvenile prawns hrere preserved in l0 per cent

formalin and subsequently weighed and measured in the laboratory.

Many morphometric data were taken, but the carapace length (distance

between the post-orbital groove and the median posterior margin of

Island.
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the carapace) was used as the most reliable index of size.

b. Adults

Adult pra\¡rns r^/ere sampled by workíng from commercial trawlers

and permanent monthly stations were maintaj-ned at Douglas Bank and

Eastern Shoal, both in Spencer Gulf (Figure C-2). Studies were

carried out at other locaEions opportunistically. On several

occasions a trar¡Iler was used on extended surveys of both Gulfs and

Investigator Strait. These surveys of 3 to 4 nights duration gave

a more or less rrinstantaneous picturett of the síze composition,

abundance, etc. of the populations. The effectiveness of these

survey programmes \^ras reduced by not having the use of a fisheries

research vessel.

More recently (August 1976) research work was started on a

regular basis ín Investígator Strait using commercial vessels. A

físheries research vessel is now being fitted with trawlíng gear

and regular research cruises are planned for the Gulf of St.

Vincent.

DIVING OBSERVATIONS

The behavíour of juveníle prawns in relation to tidal flow'

light and season r¡ras studied using SCUBA equipment. Net covered

cages with no bottom were anchored to the substraÈe in a tidal

creek. Each cage had a trap door to enable a diver to gain access

to the inside of the cage. Eight to 15 juvenile prawns ranging ín

size from 7 mm to 28 mm C.L. were placed in the cage; their

actívíEy recorded by diving at hourly intervals. Since the eyes

of many crustaceans are insensitíve to light from the red end of

the spectrum (I,Iaterrnan I961, Fernandez L973); underwater torches

adapted with a red filter were used during the night. Observations

suggested that the behaviour of prawns \^Ias not affected by either

the torch or the presence of a diver. A vane-protractor \^tas

designed, built and subsequently used Eo measure the orientation
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of prar^¡ns in relat.ion to the tidal flow (Figure C-1).

GROI^ITH AND MIGRATION

As with other crustacea, it is impossible to estimate age

accurately due to the periodic loss of the exoskeleton duríng

ecdysis; there are no layered hard parts which can assist in

determining age and growth. In this present study, aBê and growth

were estimated by followíng the progression of modes and other

features of the length-frequency histograms of samples of both

juveníles and adults. Gror¿th of adult prar¡/ns was also calculated

by tagging and recapture studies.

Various tagging and maìking techniques have been used in

studies of other penaeid prardn stocks. Petersen disc tags \^/ere

first used on Penaeus setifetws in 1935 in the Gulf of Mexico

fishery (Lindner and Anderson 1956) and a similar tag v/as used on

juvení1e P. LatisuLcatus in this present study (Figure C-3). In

adult P. LatisuLeatus tlne more rapid method in which plastic tags

were placed in the muscle tissue between the first and second

abdominal segment_by means of a mechanical applícator was used

(Figure C-3). This rnethod has been described by Penn (I973).

REPRODUCTION

In the early stages of the study, conventional histological

techniques rdere used to study the development of the female ovary

(Tuma 1967). Using thís ínformation, a method of assessing the

reproductive condition of female pra\Á/ns using macroscopic criteria

was developed. The method depends on criteria such as ovary síze,

shape and colouration çnd/ since it does not require the use of a

microscope, can be easíly used at sea.

4
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RESULTS - I.

ENVIRONMENT

JUVENILES

Juveníle P. Latisulcatus wete found in sheltered

areas of the coastline such as shallow bays, coves and tidal

creeks. These areas were invaríably associated with seagrass

communities (Posidonia. aust,aL¿a, Zostera rm,¿cv'onata, HeterozosteTa

tasmanica and somer1mes Amphibolus antarctica and, HaLophila).

Many, but not all, were associated with stands of mangroves

(AUieennia marína). The substrate in the nursery areas varied

from silty to clean sand with some shell grit. Substrates of soft

mud or large quanÈities of shell grít appeared not to be preferred

by juvenile P. LatísuLcatus.

The juveniles of most other penaeid species are found ín the

brackish waters of river mouths (Rue11o 1973, Munro 1973). There

are no permanent rivers emptying in Spencer Gulf or Gulf St. Vincent

although freshwater runoff j-nto tidal creeks may be considerable

during ¡¿inter raíns. fn contrast to other species, juvenile

P. LatisuLcatus were found in waters which were hypersaline.

Table 1-l shows the monthly subsurface water temperatures and

salinities at one samplíng station (Chinaman's Creek, northern

Spencer Gulf) . In all nursery areas examined, the salinity of the

v/ater was higher than that of adjacent offshore areas where adult

animals r¿ere f ound.

DISTRIBUTION AND ABUNDANCE

A. Areal

During the early part of thi's study notes \,¡ere kept on all the

sightings of juvenile P. Latisulcatus. Many reports of juveníle

pra\.Ins were obÈained from amateur and commercial fishermen using

gi1l nets or dip nets for garfish (Hemírønphus melanochiz') on calm

nights. At night juvenile pra\^7ns were observed actively feeding

or swimming in the water body; although highest concentrations

2
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r^rere found closest to the bottom they were often seen jumping

on the surface when disturbed.

Sampling has been carried out during the night at most

reported or suspected nursery areas by using the following three

types of geari the beam trawl, the drag net and a small dip net

on a handle. (Methods - Section C). The beam trawl ldas preferred

because the data obtaíned could be more easily quantified (as

numbers caught per minute under standard trawling condítions). In

tests, the drag net had approximately 607" of the catching efficiency

of the beam trawl and a correction factor \ras applied to data

obtained using this method. No attempt vras made to quantify catches

made with the dip net.

As trawling abundance in the nursery areas altered over the

season (Sectíon 2b), a correction factor r^ras added to standardise

data obtained at different Èimes of the year. The results of the

survey for juvenile nursery areas are presented in Figures 2-1

(Upper Spencer Gulf) , 2-2 (Lower Spencer Gulf) , 2-3 (Gulf St.

Vincent) and 2-4 (Kangaroo Island). The South Australian coast to

the \,rest of Cof fin Bay has not been examined.

In general, sheltered areas to the north of both Spencer and

St. Vincent Gulfs are more favoured than southerly locations;

however, large concentratíons of juveniles are sometimes found in

some isolated southerly areas (e.g. Spalding cove near Port Lincoln).

b. Seasonal

All nursery areas examined were similar in that caEch rates of

juvenile P. LatisuLeatus aLtered over the season as shor^In in fig.6-4,

page 31 This fígure shows the mean catch rates on a monthly

basis at Barkerrs Inlet during 1976.

Catches rates increased rapidly after December' as very small

prawns became susceptible to the sampling gear (Appendix 3) and

reached a maximumduring the period February to May. After this
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Nursery areas for juvenile Penaeus latisulcatus
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daÈe caÈch rates dropped to a mínimum which coincided with the

lowest \¡raÈer temperatures of the year (Sectionl-l ). Long term

(seasonal) and shorÈ term (daily and monthly) changes in vulner-

ability to the net r.rere considered to be related to changes in

activity of P. LatisuLcatus (Section I-6),

Catches increased after September to form a second mode

(Figure 6-+). After November numbers of large juvenile pral^tns

in the nursery area decreased rapidly. This \"ras considered to

be a result of the emigration to offshore fishing grounds

(Section 6.b).

LENGTH FREQUENCIES

Samples of juveníle P. LatisuLcatus were obtained from many

nursery areas in Spencer Gulf, Investigator Strait and the Gulf

St. Vincent. Two nursery areas, namely Chinamants Creek in

northern Spencer Gulf and Barkers Inlet in Gulf St. Vincent,

hrere sampled at monthly intervals.

Juvenile pravlns in all samples \^Iere measured and the data

recorded in class intervals of I mm carapace length. The sex of

individuals larger than ll mm carapace length (C.L.) was easily

determined macroscopically: although sexes tdere separated in

animals over 11 mrn C.L. differences in length-frequency

distributions betrveen the sexes were small. Subsequently boEh

sexes were combined for the purpose of length-frequency analysis.

Length-frequency distributions of juvenile pral^/ns caught by

beam trawlíng during the monthly stations at Chínamanfs Creek are

summarised in Table 3-1 and illusËraÈed in Figure 3-1. The data

ín the latter have been smoothed by applying a moving average of

n=3 (Spiegal 1972) before constructing the length frequency

diagrams shown in figure 3-1. Irregular sampling at other nursery

areas indicated the general pattern of the regular influx of

smaller sizes, followed by orderly modal progression and emígration

offshore.



TABLE 3'l Lengttr frequenc'y distrlbutl-ons (no. of LndlvLduals) for JuvenLre penneue Latíauleahte at chinanan,s creek,Northern Spencer Gulf. Lengths wete measured as mm. carapace length (C.f..) Means (X,, X¿ and X3) of themonthly data are shor¿r¡ for each of the three year classes. The chin¿ anrs creek station was abandoned afterMay 1976 but a subsequent sample was obtained in November Lg76.
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Small pravrns first appeared in the beam trawl catches about

December or January. Although the smallest prar^In caught had a

carapace length of 4 mm, mesh selectivity experíments (Appendix 4)

showed that prawns of this síze r¡/ere not adequately sampled by the

beam-trawl. After the fírst appearance of small prawns several

modal groups r^rere recognizable in the length-frequency distríbutions

over the following months. The different modal groups, although

indist.inct, indicated that lmmígration of larval stages into the

nursery areas occurred in waves over a 5 or 6 month pgfiod. Modes

first appearing at 6 or 7 mm carapace length progressed through

the following I0 tß 12 months and ceased around January or February

the following year, suggesting Èhat maximum offshore migration

occurred at thís time.

Since the characterist.ícs of the length-frequencies obtained

at all the oÈher nursery areas r^rere simílar, it is concluded that

the samplíng programme provided valid information on the juvenile

stage of the prawnts life history.

GROI,üTH

In most studies on fish and molluscs, growth rates are

traditíonally calculated by the anal-ysis of annular gro\,üth rings

on various hard parts such as otoliths, scales or shells. In

crustacea the only hard part, the exoskeleton, ís shed at intervals

and is, therefore, unsuitable in assessing age.

Other than by the analysis of hard parts, growth rate may be

calculated by length-frequency analysis and by taggíng experiments.

Both of these methods were attempted in the present study. However,

tagging of juveníle prawns was discontinued after an initial field

test, when only 2 of the 567 tagged prawns released at Chinamanrs

Creek \¡/ere recaptured ín offshore areas (Douglas Bank).

Analysis of length frequency data has been used by many authors

to estimate the gro\,üth of crustacea. Usually this is done by tracing
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the progression of modes (Tabb et aL. 1962, I^lilliams 1955, Bishara

1976) or the change in the mean size of the sampled population

(Forster 1955). Both of these methods present practical problems

in the analysis of populations in other than ideal condítions.

Small prahrns r,Iere being added to the lower part of the range

while larger pra\ìrns were emigrating out of the upper part of the

range. Samples taken in the same localíty, therefore, do not

necessarily represent the same population. The continued gain of

small individuals and loss of large indíviduals can reduce ihe

rate of increase of the mean size of prawns in the sampled

population. This method can, therefore, only be used accurately

when immigration and emigratíon in the sampled area is distínct

and occurs over a short time interval.

Analysis of the progression of modes is also difficult unless

immigration into the nursery area is in a series of waves or pulses

that produce distinct modes in the monthly length-frequency data.

In practíce, the length-frequency distributions may consist of

several overlapping curves and the modes are often difficult to

follow over more than a few months of data.

A third method, which has been used by a few workers (Leosch

1965), is to estimate growth rates by joining the extremes of the

range of length frequency distributions. Until ímmigration into

the nursery area is complete the upper extremes are used to indicate

growth and later when emigration from the area occurs the lower

extremes provide an indication of growth. None of the authors using

thís method have pointed out the main deficiency of estimating

growth rates in this \,Iay - that is, that the initial part of the

growth curve (during ímmigration) wÍ|l be based on the largest and

perhaps' fastest growing animals whereas the latter part (during

emigration) wíll be based on the smallest and perhaps slowest

growing animals. For the method to be strictly accurate, all



18.

índividuals in the population should be growing at a similar rate.

The sínplest method of determiníng whether this factor is líke1y

to be relevant ís by examiníng the length-frequency data where

they are unínfluenced by either ímmígration or emigration, i.e.

Ín the rmiddler few distributions (Figure 4-l). If the range of

the rmiddler length-frequency distríbutíon is no.t increastng, i.e.

the lines AB and CÞ in Figure 4-L are parallel it ís a reasonablè

assumption that growth of the animals is not subject to significant

increases in variance and the method can valíd1y be used.

1

c

2

B

3

LENGTH 

--+

FIGURE 4-1. Díagrammatic representation of length-frequency
distributions showing inítial part (1) affected by
immigration, middle part (2) unaffected by either
ímmigration or emigration and a final part (3)
affected by emigration.

D

tul

2
F

-\



1,9.

A summary of the three methods of estimating growth from

lengEh-frequency dat.a with suggested deficiencies and uses ís

gíven ín the table below.

TABLE 4-1

METHOD DEFICIENCIES CONDITIONS OF USE

1. Change in mean

length

Affected by extended or

continuous irnmi gration

and emigration

tr{hen ímmigratíon and

emigration ís distinct

and short-lived.

2. Modal

progressr-on

Affected by extended

immigratíon at a

constant level.

hrhen immigration ís

distínct and short-

1íved or

Ilhen immigration occurs

in distinct \^/aves.

3 Progression

of extremes

Based on growth of the

smallest animals using

the lower extremes and

largest animals using

the higher extremes.

All individuals in Ehe

population are growing

at a similar rate.

Figure 4-2 shows the mean carapace lengths of each year class of

juveniles caught at the monthly station at Chinaman's Creek. However,

from examination of the lengÈh-frequency data (Figure 3-1) it appears

that the data have been affected by immigration and emigration' The

reliable use of method I (change ín mean length) is therefore

precluded. It ís probable that this method underestimates gro\,lth

rates ín the early months (December to June) due to the mean being

kept low by prolonged immigration into the nursery area. Simí1arly,

grolth rstes in the l-atter months (Septernber to .Ianrrary) are 1íkely

to be underestimated due to the emígration of larger individuals.
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Although indívidual modes in the length-frequency data

(Table 3-I) can be followed over some months the analysis of modes

over the whole inshore períod (up to 12 months) is diffícu1t. The

criteria suggested for method 2 in Table 4-1 were not fulfilled

and it was decided that method 3 represented the most relíable way

of estimating growth in juvenile P. Latisulcatus.

The length-frequency data in Table 3-1 was smoothed by

applying a moving average of n = 3 (SpiegaL 1972) and the extremes

of the range of each age class plotted. In Figure 4-2 tlle extremes

are joined by a broken line. These lines were combined to give an

estimated growÈh curve for juvenile pra\^¡ns at Chinaman's Creek.

Assuming that the length-frequency distribution for August was

unaffected by immigration or emigration, the mean carapace length

of the sample for this month (12.6 mm) was used as a basis for

constructing the estimated growth curve shown ín Figure 4-3.

This curve shows that prawns of post larval size (2 to 3 mm

carapace length) in February grev/ rapidly at 3 to 4 mm per month.

The growth rate decreased to a minimum in midwínter (July) and

increased to about 3 mm per month prior to migration offshore.

Studíes offshore (Section 11-5) showed that offshore mígratíon

resulting in recruitment to the adult stock reaches a peak ín

January. Using the estímated growEh curve juveniles would have

reached a carapace length'of approxímately 23 mm (sexes cornbined)

by thís time. Studíes on adult populations (Sectíons 11-4 and 5)

substantíated these results and prawns of this size represented the

smallest taken in commercial catches offshore.
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5. FEEDING

During diving experiments with SCUBA, juvenile Penaeus

LatisuLcatus were observed to be actively feeding at night on or

near the bottom. Usíng underwater lights covered with red filters

(Section C), juvenile pral^tns l^/ere seen probing and pickíng at the

substrate with the first two pairs of chelate legs (pereíopods t

and 2). It has been noted ín Penaeus merguiensis that many

appendages (including chelae, antennules, maxíllipeds and mouth

parts) function as chemosensory organs in the location of certain

food substances (Hindley 1973).

In a typical feeding position objects were held onto by the

pareiopods while the mouthparts and 1st pair of chelate pareiopods

were working over the surface. During this activity, particles

\^rere passed to the mouthparts where some \^/ere rejected.

Juvenile pra\rns were often observed graspíng pieces of seagrass

(Posidonia austra.Lis) and large shells of dead gastropods in the

feeding position. It is possible that alga1 or bacterial filrns were

being used as a food source in Ëhese instances. It has been

suggested that Metapena.eus bennettae selecÈively seeks "clusters of

mícro-organisms" on the substrate (Da1l 1967) and evidence for this

was presented by Moríarty (1976). In some instances juvenile pral¡rrls

were observed feeding on the remains of larger animals (fish offal,

etc. discarded by fishermên) and only on t\^ro occasions \¡Iere prav/ns

seen to take mobile prey (ín both cases maríne worms). However, in

a study on the food of several penaeid Pra\^/ns, Moriarty (1977)

suggested that live food is important.

At several times during the study period sarnples of prawns

were taken for the analysis of stomach contents. Each praTrrì \vas

slit along the ventral surface, preserved ín buffered 57" formaLin

and examined in the laboratory within 48 hours.
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The digestive system of prar^rns is such that the stomach contents

are finely ground and mostly unrecognisable. In the present study

over 502 of the stomach contents of Penaeus LatisuLcatus appeared to

consíst of unidentifiable detritus and sand graíns. Food material

appeared to be sorted and cut up by the mandibles before ingestion.

The digestive system has been considered (for P. setiferus, Young

1959) as consísting of 3 parts, the foregut, midgut and hind gut.

In the foregut the food i-s crushed by the gastric mill before

entering the stomach or rnidgut. However, resi-stant fragments such

as shells, brístles and exoskeletons r¡/ere sometimes recognísable,

enabling the foll.owing list of food organisms to be constructed.

These are listed in order of most frequent occurrence:

Mollusca: shell grit, fragments of mussel shells (ModioLus inconstans?)

PlanÈ material: fibrous and woody material, fragments of seagrass

Crus tacea:

Polychaeta:

Bryozoaz

Pisces:

portions of exoskeletons of crabs, shrimps (Leander sp.)

limbs of amphipods and isopods, crustacean larvae, whole

segments of sea centipedes (Idoteídae)

bristles and parapodia of bristle \^rorms, calcareous

material (tubes?)

fragments of lace coral

scales of small físh

Although the above list refers collectively to food material

found in the gut contents of several separate samples, there were

some differences in the ímportance of various food items in

different areas. Frorn these and aquaria observations, juvenile

P. LatisuLcatus appear to be opportunistic feeders and wíl1 take

whatever food is most abundant. In aquaria, P. LatisuLcatus wíII

eat many foods which would not be present in uiuo - e.g. compressed

cereal (commercial dog food) and fresh meat. In aquaria

P. Latisulcatus ís sometimes cannibalistic although thís may not
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occur in natural conditÍons - no exoskeleton fragments found in

the gut contents could be ldentlfled as P. Latisuleatus.

There has been no published account of Èhe diet of

P. LatisuLcatus but gut analyses of other specíes of penaeld prawns

(Wi1líams 1955, Racek 1959, Dal1 1968, Joubert L943, Ruello L973,

Moriarty 1977) show slmilarity nainly in that a wide range of

food types are used.
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6. BEHAVIOUR

Activity

Cyclic activity patterns have been reported for many species

of penaeid praums (I,lílliams 1955, Racek 1957, 1959, Dall 1958,

Fuss 1964, Fuss and Ogren 1966, trrlickham L967, Hughes 1969, Clark

and caíllouet 1975, hlickham and Mínkler 1975, Lakshmi et aL. L976).

These studies, some of them under laboratory conditíons, in general

indj-cate that the activity of penaeid prawns is related to a

(l) diurnal cycle, (2) monthly lunar cycle and (3) seasonal

temperature cycle. The activity of juveniLe P. LatisuLcatus ín

relation to these cycles was examined in the present study.

( 1) di.urnal cycle :

During the early stages of the study when the beam trawl_ was

being developed, trawlíng rdas carried out by day and night.

Juvenile prardrts \^rere rarely caught in the trawl during the day.

Whíle divíng duríng daylight to observe the acËion of the net,

prav¡ns ¡¿ere found buried ín the substrate and, in some instances,

were found buried in wet sand above the low tide mark. In the

laboratory, prar^rns kept ln aquaria were observed to bury during

daylight.

Diving experíments \^rere carried on in underwater cages in

which 9 to 13 juvenile prahrns were observed at hourly intervals.

Two separate experiments were conducted at different times of the

year; the first r^rhen sea temperatures \^rere close to the minimum

(Ist and 2nd October, 1973) and the second when temperatures r^rere

at a maximurn (2lst to 23rd January, I974). Both experiments r,/ere

completed within 5 days of the new moon.

In the October experiment, trnro cages were used with 9 and 13

juvenile P. LatisuLcatus. Observations v/ere made at hourly

intervals over approximately a 20 hour period. At the tíme of
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the experíment Ëhere was light cloud cover (10 to 15%) and

the subsurface (30 cm depth) sea temperatures were 15.0oC and

14.OoC on Èhe ebb and flood night tides respecrively.

Sa1íníties, sampled at the same time, r^/ere 49.67"o and 48.82o

respectively. The results of this experiment are shown ín

Figure 6-1.

In the January experíment two cages were used r{rith 1l and

12 juveníLe P. Latisulcatus ín each. Observatíons were made

at hourly intervals over approximately two days, except Èhat

no observations were made between approximately 0900 hours and

1400 hours on the second day. The subsurface (30 cm depth)

qtater temperatures r^rere 26.}oC a¡d 24.OoC on the ebb and flood

night tides respectively; salinÍties taken at the same time

were 45.6%o and 46.47.o respectively. Results are shovm in

Figure 6-2. Central sunmer time and official tímes of sunset

and sunrise are also given in Èhis fígure. Results of both

experiments indicate a diurnal rythrn in activity for juvenile

P. LatisuLcaú2,¿s which ís correlated r^rith the daily líght/dark

cycle.

(2) rnonthly lunar cycle:

Standard trawling conditions during t.his study included

carryíng out trawls at each station at the same stage of the

lunar cycle. This obviated the necessity of allowing for any

variation in catch rate that might occur with the.lunar phase.

However, during the course of another experiment, trawling at

Barkerrs Inlet was carried out at several different days of

the lunar month. Three to five trawls were made in the same

area during each night and the catch rates (in nos.per minute)

are shown in Figure 6-3.

The data appear inadequate to demonstrate whether or nof

any lunar periodicity in catch rates occurn It will be necessary
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to conducE a planned experiment when Èhe trawlíng abundance of

juvenile P. LatisuLcaú2,¿s increases (October/November , L977) .

Trawling ¡¿ill be carríed out every 2 to 4 days in the same area

over at least one lunar month.

Lunar infl¡rence on behaviour has been studied ín several

penaeld praÌ{rls; juvenile (and adult?) P. duonav,um were found to

be more active during the new moon and fírst-quarter (Bishop and

Herrnkind 1976). Other studíes have been on adult penaeids and

these are díscussed in Section II-9a. In the present study catch

rates of adult P. LatisuLcatus have been shown to vary with the

h¡nar cycle.
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Figure 6-3 Trawling abundance (nos. per minute) of juvenile
Penaeus LatisuLcatus it Barkerrs Inlet during
February , 1975.
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(3) seasonal temperature cycle:

After the juveníle praÌ¡rns are fully recruited into the

nursery area and fu1ly susceptíb1e to the beam Ëraqrl the number

of prawns should decrease due to naÈural mortality (Section 7).

However, using the beam trawl catch rates as indíces of numbers

present, it has been shown (e.g. Figure 6-4) that catch rates

decrease and then increase Èo a second maximurn. Two explanations

for the low wint.er catch rates are, firstly, that juvenile Pra\"rns

leave the usual nursery areas during the winter months and secondly

that pra$rns are less vulnerable to the beam trawl during this

period. Extensive searches of surrounding areas and offshore

trawling provided no suPPort for the first hypothesís and the

second alternative was accepted, i.e. the catch rates \¡rere

<lependent on the "vulnerabilíty" of the stock (the fraction of

the stock which is accessíble to a defined unit of físhing effort

- Ricker, 1975).

I,rlater temperatures at Barkerrs Inlet are shown in Figure 6-4

with the catch rates of juvenile P. LatisuLcatus. Data from other

areas and years are símilar in that periods of minímum catch rates

and minimum waler temperatures coincide. The design of the beam

trawl (as with commercial otter trawls) was such Ëhat prawns

below the substrate l{ere inaccessible; this suggested that during

periods of 1ow temperature, juvenile pral¡rns sPent longer periods

buried in the subsÈrate.

Results of the cage experiments (Section 6.a.1) also shorued

that activity paËterns of juvenile P. LatisuLeaú¿¿s during winter

were different from those in summer. Maximum activity appeared

to be restricted to the early hours of darkness Ì^Ihereas ' ín

sunmer, prawTIS were above Èhe substrate for most of the hours of

darkness.
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Fígure 6-4 Ilean catch rates of juveniLe Penaeus Latisuleatus
(nos. per minute) at Barkerfs Inlet during 1976 -
índicated by the solíd line. Subsurface (30 cm
depth) sea temperatures during the night of each
monthly survey are indicated by the broken líne.

Fuss and Ogren (1966) found a direct relationship between

nocturnal activity and water temperature in P. duorarum. where at

temperatures below 14oC to 16oC, less than half of the prawns

were active; at temperaÈures of less than 10oC all activity ceased.

Reduced activity in another species, Metapenaeus masters¿¿, I^las

found to occur at about 16oC (Dall 1958) . hlinter \^rater temperatures

in the nursery areas of P. LatisuLcatus around the coast of South

Australia vrere approximately lIoC to 13oC (Section I-1). This

appears t.o be close to the lower temperature limit for activity in

many species of penaeid pra\¡¡ns. In summary, low winter temperatures

appear to be correlated with reduced activity in juveniLe P.

LatisuLcatus; reduced activity is, in turn, related to reduced

catchability. Simílar changes in catchabítity are evident for

adults (Section II-10) and have a marked effect on commercíal

catches during winter months.

(b) Emigration

Juvenile P. LatisuLcatus are found in inshore nursery areas

whích are ofÈen a considerable distance from the adult populations.
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In Spencer Gulf most areas where'a<lults are Erawled are separated

from the nearest known nursery areas by from 30 to 70 km. Some

aspects of the mechanísms whereby the juveniles were able to

emigrate from the nursery areas were examined in the presenÈ sËudy.

During the course of the experiments on underwater cages

(Section 6a) the orientation of juveníle prawns ín relation to tídal

flow was measured using a vane-protractor (Section C). Oríentation

was observed in both ebb and flood tides in both the October and

January experíments. In the cages, juvenile P. LatisuLcatul vtere

almost invariably facing into the current and maintaining their

position in the r^rater flow which reached an approximate speed of

0.28 rn/sec. These results, however, appeared to be an artlfact of

the experimental cage situation. Juvenile prawns outside the cage,

although orientated into the current, appeared to drift along wÍth

the water body rather than maintain their posiÈion.

It has been suggested that other penaeids are able to

discriminate between and use ebb and flood tides for transport

(Tabb et aL. 1962, Hughes L972); P. duoranun is capable of distin-

guishing salinity differences between tides (Highes 1969). However,

as there \¡ras very little salinity difference between the ebb and

flood Èides in the present study, juvenile P. LatisuLcatus are nol

likely to share thís capability. The lack of any obvious environ-

mental stímuli and the results of underwater observations suggest

Èhat juvenile P. LatisuLcatus do not actively use tidal transPort

to emigrate offshore.

An alternate method of tidal transport for P. 1-atisuLcatus

larvae has been suggested by Penn (1975) who also suggested that the

mechanism rnay assist in the offshore migration of juveniles. Penn

suggested that during particular times of the year, the nocturnal

tidal cycle is dominated by ebb tídes; this results in a net

dísplacement of juveniles ín an offshore direction' Contrary to
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Pennrs suggestíon, however, the tírning of the tidal cycle at

PorÈ Lincoln does not coíncide wíth the tíme of emigration and

recruitment to Èhe Speqcer Gulf fishery. In this present study

it was found ÈhaÈ recruítrnent to this fishery is mostly frorn the

nursery areas to the north of the Gulf. Accordingly, the tidal

cycle ín these areas was examined.

Port Pirie in norËhern Spencer Gulf was chosen as it is a

"standard port" for which tídal predíct.ions are available (tide

tables - Department of Marine and Harbors) and it is situated

amongst known nursery areas. From the tide tables the number of

hours of ebb and flood tides were calculated for four periods during

each lunar month - full moon, first quarter, ner¡/ rnoon and last

quarter. These are plotted ín Figure ó-5.

Figure 6-5 indicates a seasonal cycle in nÍght tídes which

results in a net movement of water offshore. The timing of the

net offshore movement (January to May) coincides with the tíme of

juvenile emigration and it appears that the Eransport mechanísm mav

be of general importance in the north of Spencer Gulf.
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7. MORTALITY

Together with growth, mortality is one of the most basic

and imporÈant parameters of a population. Each species häs

evolved a certain intrínsic mortality rate and a maximum attain-

able age which are balancea Uy a símilarly evolved raÈe of growth

and reproduction.

Three to four basíc types of survivorshíp curves have been

presented by varíous authors (Deevey 1947, Slobodkin 1961) and

these are sunrmarised in Figure 7-1. In fype 1, mortality rates

are high in the older animals, types 2 ar'd 3 describe cases ürhere

the number of mortalities per unit tíme and the mortality rate

respecÈively are constant. In type 4, the young (eggs, larvae,

juveniles, etc.) suffer hígh mortality raÈes. I suggest that a

5th type of suvivorship curve in which both the very young and

the very old are at risk would also be conmon in certaín species

(e.g. mammals).

In marine populations, where high fecundity is common, the

type 4 mortalíty curve Ís most common. Eggs and larval stages

appear to be more at risk than later stages - exceptíons are where

mass mortalities occur due to environmental stress. In most

studíes of marine fishes it has been assumed Ehat mortality rates

are constant over time (type 3 curve). This may be a reasonable

assumpt.íon if only a small segment of the life-cycle is being

consÍdered - e.g. the adults ín the exploitable part of the

population (Section II-10) or the juveniles during the Ínshore

period (this Section). The type 3 curve has the advantage of

beíng a straight line rvhen the logarithms of the number of

survivors are plotted against time.
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Figure 7-1 Types of survivorship curves for various species

The use of catch per unít of effort as a measure of abundance

in a populatíon has been documented in several works (Beverton &

Holt 1957, Ricker 1975, Gulland 1969). In the study of mortalíty

in juvenile P. LatisuLcatus, the catch-rates taken by beam trawl

ín the nursery areas were used as indices of abundance. Repetitive

trawls were made ín each area on a monthly basis. As shown in a

previous section (I-2b), juvenile pra\¡/ns reach a maximum trawling

abundance in the nursery areas in late sunmer to early autumn

(February Èo April). The rate at which numbers caught per minute

trawling decreased after this period represents the mortaliÈy rate.

However, besides mortality, the catch rates v/ere also dependent

on Èhe fvulnerability'of the stock (Ricker L975) - i.e. the fraction

of the stock which ís accessible to a defined unit of fishing effort.

In the initial stages of the study several changes ín vulnerability

of juvenile prawns to the beam trar¿1 were suggested. These were

related to a (l) diurnal cycle, (2) lunar cycles and (3) seasonal

cycle (Section I-6).

Although it ís possible that other factors such as cloud

cover, tidal flow, etc. could have affected the vulnerabilíty of
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P. LatisuLcatus, it ís assumed that the three factors listed

above were the most important. To exclude the poss,íble effects

of (1) and (2), trawling was confined to the hours of darkness

and as near as practicable to the same stage of the lunar month.

Reduced vulnerabílity during the winter months remained the most

serious obstable to estimating mortality from decreasing catch

rates over the whole inshore period (10-12 months). In addition,

two other factors had to be taken into account in calculating

mort.alíty by this method. Fírstly, mesh selectívity experiments

(Appendíx 3a) have shown that juvenile prawns smaller than 12 nnn

carapace length h/ere not fu1ly susceptible to the beam trawl;

secondly, caÈch rates rapidly decreased duríng Novemberr to

January as juvenile prawns emigrated offshore. All three fact.ors

discussed are shown in Figure 7-2.

mode 1

mode 2

M A M J J A 5 D
I

reduced
vulnerabtlity

Nô

.Ê 16

E

.'i le
ocv
uJ8
kda¡
I
.ù

5"
inadequate

suscepÌabili\r
emijration

loss

lígure 7-2 Mean catch rates of juvenile Penaeus LatisuLcatus
(nos. per minute) at Barkerts Inlet during 1976.
Periods of inadequate susceptibility, reduced
vulnerability and loss by emigration are shown.

As shown in Figure 7-2, catch rate distributions over a year

are typically birnodal. Dístributions for other years and other

nursery areas are similar and have been presented in Section T-2b.

For the purpose of obtaining mortalíty estimates, periods of

inadequate susceptibility, reduced vulnerability and emigration

loss (Figure 7-2) have been excluded from the calculations. The
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assufirption \¡/as made that catch rates made immediately after Pra\^,ns

became susceptible to the gear (Mode L, Eigure 7-2) and irnmediately

before emigratí-on (Mode 2, Figure 7-2) provided adequate indices of

the relative numbers of juvenile prahrns in the nursery atea.

Length frequency data through the wínter months (presented in

Section I-3) indicated that prawns in both modes I and 2 were from

the same population. If the mortality rate between the two modes

is assumed to be constant the raÈe at r4rhích the numbers (N) ín the

populatíon are decreasing can be represented by Rickerrs (1975)

equatíon

= -ZN (1)

where Z is the instantaneous total rnortálity coefficient. Adapting

the equatíon for use in the present sittiation, the number N" left
,]

ali-ve by the time t" of the second mode can be represented by

N2 = Nr e-z (t" -t.' ) (2)

where N1 is the number alive at the time, t1, of the fírst mode.

By exchanging terms equatíon (2) becomes

"-z 
(t.-t, ) (3)

which may be expressed as

dN
dr

Nz
N1

z(r2-11 )
.N¡tt 

N.'
(4)

Total mortality, z, is usually thought of as being made up of

the fishing mortality (F) and mortality due to naturaf factors (M).

As juvenile populations of P. LatisuLcatus are unexploited in South

Australia, Z Is approximately equal to the naturai mortaiity M.

To calculate M, regressíon lines were drawn through catch rates

of individual trawls made ín the months associated with mode I
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(time t ) and mode 2 (tine t ) in Fígure 7-2. Catch data for

surveys at Barkerts Inlet during 1976 are shown in Table 7-I and

the regression line in Figure 7-3. The value of M represented by

the slope of Èhe line, ís 0.026 (approxímately 37") per week. An

estímate of M from another nursery area (Chinaman's Creek, 1976)

was 0.007 per week; ít is therefore likely that juvenile moralíty

ís highly variable in P. LatisuLcatus.

TABLE 7-1 : Catch'rates (nos,/min) of juveirile Penaeus
latisulcatus caught dur-ng monthly surveys at
Barker's fnl-et during 1976

DATE TRAWL

No. l- No. 2 No. 3 No. 4 No. 5

9 March

13 April

11 May

4 August

31 August

30 September

29 october

28 November

30 December

13.08

14. 78

9.4r

1.50

o. 47

I.92

4.17

7.89

1. 33

LI .42 10.31

t5 -79 14.84

6. 88 7 .42

o.67

0. 50

4.53 10. 71

6.50

o.5'1

7. OO

r.25

9. 33 10.31

6.82

3. O0 4.13

o.78 0.98

(b) Predators /Intrasp ecific associations

Irrhile beam trawling in nursery areas for juvenile P. LdtisuLeat"ts

field notes were kept on species caught incidentally in the net '

The gut contents of many likely predators were examíned and ''rnder-

water observations 1^Tere made during night dives with SCUBA apparatus '

Table 7-2 shows species caught during beam trawling operafiolì:;
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in both Spencer Gulf and the Gulf St. Vincent. An indicatlon of

abundance is g,Lven (common,. occasional or rare) but lt is ltkely

that some species are more susceptlble to the beam trawl than others.

Fast moving species (e.g. mullet lfugíL foz'ster'L) and burrowing

specíes (e.g: the cockle KateLysia spp.) are known to be much more

commoi than, ls indtcated by the bea¡n trawl catches (personal observ-

atlon). Species lndícated by an asterísk ín Table 7-2 were found to

be predators of juvenile P. Latisulcatus.
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40 b.

Species cauqht by bean trawling for juvenile
Penaeus latisuLcatus in shallon water nurserJr
areagõf spencer GuIf and the GuIf St.Vincent.
Belative abundaace in the bean trawl is indlcated
by C (connon), O (occasional) or R (rare).
Species marked with an asterisk are knowu, fron
gut analyses and underwater observationst to be
predators of luvenile Penaeus ]g!!g@!g.

Common lla¡oe Scientific Name Abundance

ELAS}ÍOBRÂNCIïS

'Sbovelnose Ray

'Soootb Stingray
llelbou¡ne Skate

lEI,EOSTS

CRIISlACEANS

Shrimp
Snapping-Prasu
Str-Ewberry Prawn
Sand Crab

tBlue Swinning Crab

Blue Sprat
Estuary Catfish
Sbort-Headed llor¡n-Ee1
S.A.Garfisb

tGreeuoack Flounder
Pipefish
Junping l'luIlet
Iellow-Eye MuIlet
Eardybead
Dusky FLathead

. Soutb Aust.Cobbler
Ling
Spotted l'/biting
Silver hhiting

fBlack Bree,n
l[onny Rough
Striped Percb,
Bridled GobY
Long-Finaed GobY
Crested lveedfisb
Ueedy \Ibiting

'Banded loadfisb
Smooth loadfisb
Velvet LeatherJacket

(Z)Bridled Leatherjacket

Spratelloides robustus
Cnidoglani s macrocepha).us
Muraenichthys brevicePs
Hemiramphus melanochir
Rbonbosolea tapirina
Stigmatophora nigra
Liza argentea
Aldrichetta forsteri
Taeniomenbras sp.
Platycepbalus fuscus
Gymnapis tes marmoratus
Genypterus bLacodes
Slllaginodes Punctatue
Sillago bassensis
Acantb.opagrus butcberi
Arripis georgianus
Helotes sexlineatug
Gobius bifrenatus
Gobius lateralis
Cristiceps australis
Haletta senifasciata
Torquigener pleurogramna
SphaeroiCes glaber
Navodon australis
¡ic anthal utere s spi lonelanurus

Aptycbotrema vincentiana
Dasyatis brevicaudata
Raja uhitleyi

Leander internedius
Crangon nova€-Zêland iae
Metapenaeopsis crassissima
Ovalipes australiensis
Portunus pelagicus

R
o
R

o
o
o
c
o
c
o
c
c
c
c
B
c
o
c
o
c
c
o
o
o
o
c
o
o

c
c
c
o
c

In aCditioo to the above species a varíety of small crustaceans
iãrpUipo¿", isopocs¡ sea-cãntipedesr.etc.)¡ nolluscs, marine wor6st

nedusae ana "rgãã-iú1"" lactucä etc.) are-cau'ht by the beam trauL-
Because of the catciiing charaãferistics of tbe sai",rpling Sear and the

sampling progr.anrme, thã above list is biasseci towards relatively slow

noving nocturnal organisins.
comroon as{ scierrtific names of fishe6 are as given by scott, Glover and

Southcot ¡ ('19?4) .

( e) fdentif icatlon uncertain
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II. ADULTS

1. THE FISHERY

a. Hístory

The presence of trrlestern King prawns in South AustralÍan waters

has been knor^rn for many years and yet íE was only a few years ago

(1968) that the first commercial catches were made. Small pra\^tns

have been caught in shallol^r h/ater areas of Spencer Gulf and the

Gulf of St. Vincent for perhaps one hundred years. These small

prawns were probably caught incidentally while fishíng for other

species such as garfish (Reporhønphus meLanochiz') and ín 1927 Hale

recorded that they werä t occasionally sold in Adelaíde físh shops

as ttshrimpstt.

The shallolir r^Iater pra\¡rns that were caught in these earLy years

of South Australia were small and similar to the shrímps marketed

in many European countries. It \^Ias not knor¿n, at the time, that

many penaeid prawns spend t.he early part of their life-cycle in

shallow \^rater areas and migrate out to join the deep l^later stocks

as young adults.

One of the more colourful rumours of the beginníng of the Prav¡n

industry in South Australian r^/aters is that iE was not realised that

large, marketable prar¡/ns exísted in Gulf waters until a 1ocal físher-

man at l^lallaroo found several undigested prawns in the gut of a

snapper that he had caught. In fact the start of the fishery was

prebably dependent on several circumstances. In L968, for example,

there \^rere several large rock lobster and tuna fishing boats

operating in South Australian r^/aters - without Èhese larger vessels

trial trawling for prawns r¿ould have been impossible. In other

States and thís State many fishermen with experience in trawlíng

were looking for greener pastures. Combining these circumstances

\^rith the fact that a ready market already exísted f or prawns,

conditions r^rere ideal for the fishery to be tdiscoveredt.
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In the summer of 1967 /68 a rock lobster fisherman from Port

Lincoln named Roger HowleÈt, havíng obtaíned technical advice

from interstate prar¡rn fishermen, made an investígation of the

nid-Spencer Gulf area on the vessel'Cape Byront usíng a beam trawl.

After many unsuccessful tries it was decided to make one fínal
tshott in an area nor¡r known by prawn fishermen as Èhe Gutter

(approxirnately 25 n.m. west of Moonta). Thls fína1 trawl resulted

in what is generally regarded as the first commercial size catch

made in South Australia. Soon 6 vessels r¡rere involved ín the

infant fishery - tDín5errat, tCape Byronr, tNaracoopat (later

destroyed by fire), rCaroline Starr, tChallenget (later renamed the

tYalatar) and tBintang Terang'. More boaÈs rárere subsequently

converted to prawning and on some occasions individual catches of

more than f 000 kg per night were made.

In March 1968 the Department of Fisheríes closed all South

Australian \â/aters to trawling and 40 perrnits hrere issued on a zone

basis which requíred vessels newly entering the fishery to carry

out exploratory Èrawling rather than fish the recently discovered

grounds. 0n1y 25 permits r¡/ere eventually used. The early action

in protecting the fledglíng industry was initiated by the then

Director of Fisheries (4.M. Olsen) and has, do far, prevented any

overexploitation or overinvestment ín the fishery as may have

occurred had open entry been allowed in the formative years.

b. Fishins methods

At present, boaÈs range ín length frorn 10.0 m to 25.7 n (mean

length 15.7 m) and the majority of these have the following

characterístics: a forward wheelhouse, cre\¡r accommodatíon below in

the forcrsle and double fishíng ríg with booms hinged to tgoal postt

frames positioned on each side deck. One otter-type trawl of

synthetic material (or two in the case of double rigged vessels) ís

towed over the sea bottom at a speed of less than 3 knots. A typícal
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net ís shown in Figure 1-1. COD END

BE.LLY

OTTÉÊ BOAR.DS

ÞIRECTION
OF TO\N

Figure l-l: A typícal otter trawl used in the South Australian
fishery for Penaeus LatisuLcatus.

Crew size varíes from two on smaller boats to five or more

on larger boaÈs; in some cases an extra crew member is kept ashore

to repair nets or rotate duties wíth the sea-goíng crel¡I. Fishing

trips (between off-loadings) generally last between one and four

nights depending on the nightly catch rate and area fished - in

the Gulf of St. Vincent, for example, where fishing grounds are

located close to the home port and smaller (single rígged) vessels

are used, short trips are more common.

Except during some períods of high average catch rates during

the early months of the year, Western kíng prawns are taken during

the hours of darkness. Echo sounders are used to identify suitable

trawling bottom and the use of try nets to determine prawn

concentrations is rare. Boats usually begín the first tshott at

dusk and trawl for over eight hours each night. The duration of
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each shot can vary from about 30 minutes to over two hours, depending

on the characteristics of Èhe físhing ground being vrorked. After

each shot the catch is emptied from the cod ends onto a sorting table

installed on deck. As the pravns are sorted from the rtrashr fish,

etc. they are usually stored uncooked ("green") in built-in tanks of

chilled brine. The pravrns are unloaded at Ports vlhere suitable

facilities exíst, the major ones being Kíngscote in Investígator

SÈrait, Port Adelaide and Edíthburgh in the Gulf of St. Vincent' Port

Pirie, lrlhyalla, Cowell and Port Lincoln in Spencer Gulf and Venus Bay

on the \.rest coast of the State (Figure l-2) . At these porEs the prawns

are usually unloaded, packed into ice-chilled bíns and transported to

the factoríes by road.

c. Management

(1) Licence limitation:

Licence 1ímitaÈion has been applíed since the begínning of the

fishery and the numbers of vessels increased with caution. The

historical annual increase in number of vessels and toÈal landings

are given in Table 1-I.

TABLE 1-1

Number of vessels and catch weight Per year

YEAR VESSELS TOTAL CATCH (tonnes)

1968 25* 397

1969 32 698

1970 38 1 r59

r97L 45 r 337

1972 46 I 535

1973 46 2 05r

1974 54 3 066

1975 57 2 250

1976 61 2 839

*In 1968 all vessels were operating under a permit system.
In April I969, "The Preservation of Prawn Resources Regulat-
ionstt were introduced and vessels were then issued with
authorities to trawl for prawns. Ministerial permíts maY

stí1l be issued on a temporary and condítional basis to
encourage físhing outside established trawling areas.
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On 4 February, 1974, the formation of a Prawn Fishíng Industry

Advisory Committee \¡Ias approved by Cabínet to assess applicatíons

for prawn authorities and make recommendations concerning manage-

ment of the fishery to the Government. Thís Committee was disbanded

on the 5th November, 1976 and a ballot system introduced to select

ner¡r entrants to the fisherY.

(2) Zone restrictions:

The físhery has been divided into a number of geographical

zones for management purposes and authorities or permits issued for

boats to operate r¡ithin these various zones. The separation is

largely a convenient one based on the geographical characterístics

of the coastline. No consistent biological differences have been

noted or are suspected between the stocks of each area. As effort,

vessel po$/er factors and catch differ from zone to zorLe, however,

each must be considered separately.

In September, 1970, the original zones were altered Eo encourage

further exploratory fishing. As from this date the zones have been

as shown in Figure 1-2.

In June 1971, the dístinction between vessels authorised to

fish in Zones C and D was abolished and the boats were allowed to

move freely between these zones. After this date the rnajority of

these boats worked in Spencer Gulf (Zone D) with up to 5 or 6 vessels

workíng the fishing grounds in Anxious Bay during the \.7int.er and

early spring (t"tay to October) . At present Ehe numþers of authoritíes

and perrnits issued for the various zones are as follows:

ZONE AUTHORITIES PERMITS

A&B(WestCoast)

C (l^lest Coast)

C & D (Inlest Coast and Spencer Gulf)

E (St. Víncent Gulf)

E (Investígator Strait)

39

I4

2

1

5

853
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(3) Closures:

Permanent

In July 1968 all waters of the SEate less than 9 m deep

and the Northern part of Spencer Gulf were closed to traI4l1lng.

Thls actiol I¡Ias taken to protect juveníle pral¡7ns which were

known to exíst in these areas and also to prevent interference

with the rinshoref scale fisheries (e.g. whitlng, tormny ruff,

garflsh, etc. ).

At present three areas of the \^Taters of the State are

closed permanently to trawlíng for prawns (see Figure l-2)'

They are:

a. The waters of spencer Gulf north of a line joiníng Port

trtlhyalla to Jarrold Point.

b. All the sraters of the State of less than ten met.res in

depth at low rÂlater mark.

c. The waters of spencer Gulf adjacent to Franklin Harbour

generally fro¡n Gibbon Point easterly, then northerly' to

near the shoal l{ater light.

Seasonal

In 1971 an additional part of northern Spencer Gulf was

closed to trawling from February to May to prevent large

numbers of newly recruited Pra\¡tns beíng taken in thís fishery.

Thís closure vlas agaln imposed during February and March 1972.

On 22 March, 1973, a proclamation rías passed closing the

area above the parrållel of latítude passing through the

Yarraville Shoal light fro¡n 15 January to 15 March each year

(Figure I-2).

(4) Vessel and gear restrictions:

At present all the Gulf of St. Vincent vessels are restrícted to

single rig. In other zones the type of ríg is a matter of choíce but

the urajority of vessels are double rigged. The maxímum length of
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vessels broughÈ into the físhery as replacemenÈs for exisÈing

vessels ís not permitted Èo exceed 13.7 m (45 ft.) in the Gulf of

St. Vincent (Zone E) and 16.7 rn (55 ft.) in other zones. A two

per cent length tolerance is allowed for replacement vessels.

Trawl nets used in Èhe fishery are at present limited by

restricting mesh sizes and the length of headline. The legal

minimum síze of the mesh in prawn otter trawl nets used in Australian

Proclaimed hlaters adjacent to South Australía is now 4.5 cm ln the

cod end and 5 cm 1n all other parts of the net*.

The maximum allowable headline length of the trawl net (or surn

of both trawl nets in the case of double rígged vessels) is 40 m

for a 26 m vessel and decreasing proportionately for smaller vessels

in accordance with the following table.

Maxímum headline lengths of Ërawl nets

Surveyed
LengÈh
of vessel
(rne tres )

Headlíne
Length
net
(rnetres )

Surveyed
Length
of vessel
(metres)

Headline
Length
net
(metres )

9

10

11

I2

13

r4

15

16

L7

25.0

25.9

26.8

27 .7

28.6

29.4

30.3

3L.2

32. r

18

19

20

2I

22

23

24

25

26

32.9

33.8

34.7

3s .6

36. s

37.4

38.2

39.1

40 .0

*measured as the diagonal distance between the knots in stretched
mesh.

d. CaÈch statistics

Since the begínnings of the South ÂusEralian pral^irr físhery ín

1968, its development has been conÈrolled by límiting the number

of licences issued. One of the conditions of accePtance of an
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authorization to fish for praürns is the undertaking to supply

accurate daily logs listing details of estimated catch, hours

trawled and areas fished. A daily 1og sheet (which ís issued in

book form) is shown in Figure l-3.

The use of catch statistícs in supplying some of the vital

parameters of a fishery has been well documented in text books

(e.g. Gulland 1969). However, most of these uses are based on

fisheries on long lived species and, as noted by Lucas (1973),

pra!ùn físheríes, wíth their extended recruitment and short life

span, present problems in applying conventional techniques. In

spite of these problems, the catch statistics have many uses ín

assessing the fishery.

In the study on the adult population of P. Latisulcatus ealc}:.

statistícs r{ere used in the followíng ways:

(I) Catch per unit effort data were used to determíne the

geographical extent of the fishery (Section II-3).

(2) Catch rates during the period of recruitment were used to

estimate the 'sízet of recruitment (Section II-5).

(3) Declíne in catch rates after recruitmenË rr/as used in

obtaining mortality estimates (Section II-10).

(4) The j-ncrease in catch per vessel over the years since 1968

has been used to examine the factors which have caused this

increase ín fishing power (the catch which can be taken from

a given density of fish per unit time - Ricker 1975) in

Appendix 4.

In addition, catch statistics over a long term may be used to

find the approximate posiÈion of the fishery on a yield curve and

provide base-line information for economic assessmenÈ. The latter

aspect is beyond the scope of thís study, but yield assessments are

discussed i-n Section II-I1.
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In the following two subsections, catch and effort statistics

over the long term (annual statistics during the tíme span of the

fishery) and short term (during a year or "season") are presented.

(1) Annual catch statistícs:

Hístorically the annual catch of Penaeus LatisuLeatus has

increased since the start of the físhery in 1968 (Figure l-4) up to

L974. The 1975 season was notable for the fact that for the first

time in the history of the fishery there r¡ras a drop in the total

annual catch compared wiÈh the previous year. This is almost

certainly due to the high I974 recruitment followed by a relatively

low 1975 recruitment in Spencer Gulf (Section II-5) and ít cannoÈ

at this stage be interpreted that effort in this fishery has exceeded

the optimum. These aspects are díscussed in the section on yield

(Section II-11).

Although annual catches have increased over the years, effort,

defined as the number of hours trawled, has also increased.

Fluctuations in mean annual catch rates (Figure 1-5) are likely to

reflect differences in the size of recruitment to the fishery

(SecÈíon II-5). Apart from I974, the annual catch rates have not

generally altered. In ínterpreËing this, however, ít should be

noted that the effective effort of the fleet may have increased

over the years - that is, the vulnerabílity of the stock has

increased wíth increases in the "fishing po\^/errr (Ricker I975) of

the fleet. Factors that could have been ínvolved .ín any increase

in f ishing por^rer include:

(a) The development of new físhing techniques including fíner

otter board adjustment and the use of lighter ttíck1er' chains.

(b) The use of more efficient net styles.

(c) Increased use of technical equipment such as tadar.

(d) Increase in ski1l and knowledge of skippers.

(e) Increase in engine horsepower and, therefore, net towing speed.
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The fact that annual catch rates have not generally increased

indicates one of two things - firstly, there has been no real

increase in f ishíng por¡rer or, secondly, if there has been an

increase ín físhing PohTer it has been balanced out by a decreased

availability of the Prawns.

It is most probable that the factors li-sted above have been

ÍmportanË in the formatíve years of the fishery only. At present'

differences ín fishing po\¡rer of indívídual vessels appear to be a

result of differences in measurable characterístics such as boat

length, engine horsepower, type of rig (see Appendix 4) and the

unquantifiable factor of skipper ski11 and attitude'

(2) Seasonal caEch statistics:

A ful1 summary of catch, effort and catch rate by month for

Spencer Gulf, Gulf of St. Vincent, Investigator Strait and the

l,trest Coast is given in tables ín Appendix 2.

Maximum catch raËes occur during the period of juvenile

recruitment to the adult stocks (February to April - see Sectíon II-5)

especíally in Spencer Gulf. Catch rates in the Gulf of St. Vincent

are less variable over the year as co-operation between the smaller

number of boats operating in this zone enables them to avoid areas

where smal1 newly-recruited Pra\^Ins are found (Figure 1-6) '

Catch rates decrease over the winter months to a minimum around

July to October and usually increase slightly towards the end of the

year. This trend in catchability, which appears to be related to the

seasonal sea temperature cycle, is discussed ín Section TI-9.

Seasonal trawling effort varies with each zone; in Spencer Gulf,

where fishing is highly competitive, effort is greatest \^lhen large

numbers of newly recruited pra\^7ns are present (February to April); in

the Gulf of St. Vincent, seasonal effort is less variable but effort

is often greater in the later months of the year (November to
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December) when Èhe catch rate of Large Pra\^lns is hígh; in the I'{esE

Coast, maximum effort is spent during the calmer \rrinter months.
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2. THE ENVIRONMENT

Newly recruited and adult pral^rns are usually trawled in deeper

areas such as the channels associated with banks or shoals.

Approximate ranges of depths on the fishing grounds are as follows:

Zone or Location Depth range (m)

Investigator Strait

20 to 55

14 ro 40

12 ro 36

l8 to 32

From límited diving observations (N. Spencer Gulf and Orontes

Bank, Gulf St. Vincent) the sea-floor on the fishing grounds appears

to be bare sand with some silt and patches of shel1 grit' sponge'

bryozoans, etc. A list of species associated with Penaeus

LatisuLcatus is given in Section 10.

I^Iater circulation in partially enclosed system such as the

Gulfs and Investigator Strait is likely to be a product of temperature/

saliníty distríbutions, prevailing winds and currents in adjacent

OCean l¡/atef S.

Across the mouth of Spencer Gulf the salinity increases with

dístance from west to east (Bul1ock 1975) and in the northern end of

the Gulf high surnmer salinities are known to occur (maximum of 43%o

- Table 2-L). From major trâlvling surveys, dífferences in summer

surface temperatures of up to 4oC were found between north Spencer

Gulf and Investigator Strait. From the salinity distribution Bullock

suggests that SouÈhern Ocean rn/aters flow into Spencer Gulf on the

hrestern side where its salinity is increased by evaporation and

rnixingbefore flowing out on the eastern side (Figure 2-L). This

circulation paÈtern is not inconsistent with the prevailing south

trIest Coast

Spencer Gulf

Gulf St. Vincent
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\^rest v/índs (S.4. Bureau of Meteorology records) and the west wínd

drift (U.S. Hydrographíc office 1969) to rhe south of Spencer Gulf.

From an examination of the hydrology of Gulf St. Vincent (Bu1lock

I974), it appears that the general círculation of water masses ín

this Gulf is basically sirnilar to that in Spencer Gulf (Figure 2-I).

Information on the circulation in Gulf St. Vincent and Investigator

strait has been reviewed by Bye (1976) who suggested that loca1 winds

are an ímportant contributing factor.
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Figure 2-1 General r¡¡ater circulation in South Australia - from
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4I.L
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39.6
40.0
40.7
40-6
40.2
40.1
40.4
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2I.5
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43. O

40.1
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15.0I.74
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18. 5
15.0
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05. 05. 75
02.06.75
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25 . 09.7 5
20.10.75
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r9.5
r9.0
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L7 .5
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23.02.76
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I7.06.76

22. O
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19.0
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24. O
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13. 5
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15.0
16.0
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40.9
41. 0
41.8
4L.7
41. I
42.2
41.1
40.3
40.1
39.7

SAL.
o
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EASTERN SHOALDOUGIÀS BA}TK

TABLE 2.1 Surface water temperatures (o
sal-initie s (o /oo) at Douglas
a¡d Eastern Shoal in northern
Gulf.
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3. DISTRIBUTION

Major fishing grounds are located in Spencer and St. Vincent

Gulfs andrto a lesser extent, InvesËigator Strait and ín Anxíous

Bay on the trrlest Coast of South Australia. The dívisíon of these

areas into separate zones ís discussed in SectionII.c.2.

Distribution of adult prar^rns by trawling abundance in both Spencer

and St. Vincent Gulfs is indicated in Figure 3-1 which gives the

annual catch per 6 x 5 n. mile grid area. Distríbution of the main

fishing areas on the r^/est coast of the State are sho\,rn in Figure 3-2.

There have been several attempts to expand the fishery beyond

its present geographical límits. In l97I a survey of waters to the

South East of the State as far as Cape Northumberland failed to

locate l^Iestern king prawns; ín addition much of the sea bottom \47as

found to be too rocky for prawn trawling. At tímes reports have

been received of prawns in South EasÈern and other ocean r^/aters

such as off the south coast of Kangaroo Island. In some cases'where

samples have been obtained these have been identífied as

Metapenaeopsis crassissima. This species, which is widely distributed

ín SouÈh Australian v/aters, is often mistaken for juvenile King prawns.

In 1973 a contract r^ras signed with the o\,rner of the trawler
tExplorert to carry out a survey of prawn resources in the waters off

the far v/est coast of South Australia. The area prescribed in the

contract vras near Fowlers Bay - further west Èhan any of the

established I'Jest Coast fishing groundsrbut the results r^rere, in

general, disappointing; maxímum catch rates recorded were l5 kglnr.

In 1974 trawlíng surveys in Investigator Strait produced

promísing results (King L974 ) and expansion of the prawn fishery

into this area has been encouraged by issuing permits for trawling.

There are nor^r fíve vessels operating by permit in Investig4tor Strait

and more permits may be issued if data being obtained indicate that

the additional físhing effort will noc adversely affect the fishery.
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For the first time on record, there have been reports of

P. Latisuleah.Ls in the Coorong ín ApriI 1977 (Figure C-1). The

reports have since been substantiated but the presence of the

species in the Coorong is likely to be a chance occurrence due to

unusual hydrological conditions. At Ëhe end of the I9l5176

spawning season of P. LatisuLcatus tl:'ere r^rere several months

(February to July, 1975) of very low water flow from the River

Murray mouth. During this period the íngress of larvae through the

mouth into the Coorong \datervüays would account for prawns of the

size found ín April and May, 1977.

As in many other invertebrates the larval phase of P.

Latisulcatus aLLows for the wide dispersal of the species by ocean

currents. The distribution of P. LatisuLcal;us ís 1íkely to be

defined by the general \^raÈer circulation discussed in Section 2

(Figure 2-l). Larval loss through Backstairs Passage, for example,

could account for occasional reporEs of adult prar^rns in Encounter

Bay. In additíon, periods of unusual hydrological condítions could

result in irregular occurrences of the species in areas beyond the

limits of the present físhery. The extent of the fishery appears

Èo be restrícted to the relatively consistent físhing grounds

described above and the prospects for geographícal expansi-on are

liníted.



60.

oa

3

3

3

V O;V V
o

t3ó' 137' l3g'

Figure 3-l Total annual catch per 6 x 5 n. mile grid area in
Speneer Gulf, the Gulf of St. Vincent and Investigator
strait (1973 dara).
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4. LENGTH FREQUENCIES

Carapace lengths of adult P. Latisulcatus were measured from

samples obtained on board several commercial Èrawlers operating in

Spencer Gulf, The Gulf of St. Vincent and Investigator Strait. In

the main fishing zone (Spencer Gulf) monthly staÈions have been

maintained at Douglas Bank and Eastern Shoal from January, 1973

to June, 1976. More recently regular sampling statíons have been

set up in Investigator Strait and the Gulf St. Vincent. On occasions

length frequencies of samples \^/ere measured at processing factories.

On several occasions, major surveys from Port Pirie in Spencer

Gulf to Port Adelaide in the Gulf of St. Vincent ¡¿ere made on the

trawler tCaroline Starr. 0n these surveys trawling r¿as carried out

at as many fishing grounds in Spencer Gu1f, Investigator Strait and

the Gulf of St. Vincent as could be done in three to four níghts.

Carapace lengths of samples of prawns from all areas have been

smoothed by applying a moving average of n=3 (Spiegal 1972) and used

to construct length-frequency díagrams. Figures 4-l and, 4-2 show

data from Douglas Bank and Investigator Strait respectíve1y. Length-

frequency dístributions from all areas have the following character-

istics ín common: a regression of the mean carapace length during

the period when sub-adult pra\¡rns were joiníng the adult stocks

(recruitment) followed by a progression of modes until the following

recruitment (see SecEion II-5). In data from prevíously unexploited

areas (Investigator Strait, Figure 4-2) length frequency data can be

separaÈed into at least 2 modal groups for each sex - the first mode

representíng newly recruited stocks and the second mode representing

the prevíous yearrs stock.

Length frequency data from one of the major surveys is shown in

Tables 4-I and 4-2. These data aided in assessing the information

from Èagging experiments (Sectíon II-9 - migration) and in estimating
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mean lengths of prar^rns for mortality estimates (Seetion II-10 -

mortalíty). From these data it can be seen that, ín the post-

recfuitment period, smaller prar^rns r^7ere more common on the f ishing

grounds to the north of both Spencer Gulf and the Gulf of St.

Vincent.
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TÀBLE4-1: L€ngtlr-frequenclee (percentages! ofnale Penaeus latleulcatur frø statLons Ln Spenær G¡If,
fnnestl-gator Strait and GuIf St. Vinoent, Ju1y, 1974

Carapace
LengtÌ¡

(n¡n)

20
21
22
23
24
25
26
27
2A
29
30
3l
32
33
34
35
36
3'l
38
39
40
4l
42
43
44
45
46
47
48
49
50

1-6
0
0.8
1.6
1.5
2.4
4.8
6.4
5.6
7.t

11 .9
J.5 .9

7.9
11 .1
8.7
9.5
I.5
0.8
0.8

o.8
o.8
0.8
3-9
3-9
4.6
4-6
6.9
3-t
3.1
9.2
6.2

L2.3
14 -6
13 .l
4.6
2.3
1.5
1.5
o
r.5
o.8

2.2
o

11.r
17 .8
4.4

13. 3
15.6

Station NuEber (see figure zl-3)

3

1.3

2I 4 5 7 9 10 l1 L2 lrt

I
o
o
1
I
4
2

I
l4
22

9
L4

9
6
o
o
2

3

2.r
1.o
t.o
2.L
2.L

o.
I.
o.
0
2.
3.
4.
9-
9.

13.
tl .

8.
10.
12.

4.
5.
o
o.
o.
o
o
0.

125

L.5
o.7
8.9

14.1
23.O
19. 3

8.9
5.2
1.5
0.7
0.7
2.2
2.2
7.4
2.2
o.7
0
o
o.7

9
9
6
6
7

7
I
9
o

9
0
o

2.
6.

20.
19.
14.
15.
7.
4-
2.
0
2.
1.
l.

2.9
5.9
9.6

13.2
19.9
19.9
11 .8

9.6
2.9
t.5
2.9

I
6
I

4
2
0
6
6
6
2
o
4
I
o
6

I
I

t.d
o
0
0
1.4
0
1.4
1.4
1.4
4.I
a.2
9.6
5.5
6.9

t5.t
f6.4
It. o
6.9
4.I
4.1.

1.o
5.2
3.1
3.1
6.3
9.4
3.1
8.3

13. 5
15 .6
L4.6
4.2
4.2

r.8
o
5.5
I.8
9.1
5.5
1.8
5.5
9.r
7-3

10.9
ro.9
16.4
5.5
7.3
1.8

Or
f¡
o¡

9
I
I
9
5
2
4
5
5
9

3
3
o
7
o
7
7
3

7

3

7

7

1
5

5
I

l3
l9
l6
11.

1t
t
o
o
1
I

6.7
8.9
4.4
2.2
6-7
6.7

9
9

Sanple size 75 126 130 136 l02 I3s 45 55 96 73 s2



TABIE4-Z2 langtb-frequencl,ea (percentages) of feuale Penaeus latlsulcatus fro statfons ln Spencer 6¡¡lf, fntestigator
Stralt and Gulf St. VLncent, July, 1974.

Carapace
Iængth

(¡un)

22
23
24
25
26
27
2A
29
30
3l
32
33
34
35
36
37
38
39
40
4L
42
43
44
45
46
4'ì
48
49
50
5l
52
53
54
55
56
57
58
59
b(J

9.2
10.8
4.6

Station Ntnrber (see figure 4-3).. .

t.
2.
2.
)
1.
o
5.
9.

L4.
7.
5.
9.
7.
7.
2.
4.
4.
4.
1.
2.
o
o
2.
o
3.
o
o

4.7
2.3
9.3

L2.A
20.9
15.1
9.3
5.8
4.7
L.2
L.2
2.3
0
r.2
I.2
o
o
3.5
0
2.3
L.2
0
o
L.2

3 42I 7 9 lo 11 L2 t4

2.
0
o
o
o
3.
7.
9.
2.
o
2.
0
3.
2.
5.
3.
0
2.
2.
9.
5.
7.

11.
lr.

2.
3.

r.t
6.7
5.6
5.6
4.4
8.9
6.7
6.7

13. 3

5.6
4.4
6.7
6-7
2.2
1.1
4.4
2.2
1.1
0
1.1
o
o
o
o
l.t

o
1.1
o
o
o
1.1
o
t.1
o
o
o
o
o
t.l
o

o
I
2

2
2
2

3

2
o
0
2

t
o

2

3

9
9
7
9
7
5
7
3

3
6
3

I
9
9
9

r.8
f.8
4.5
3.6
1.8
6.3
5.4
6.3
5.4
5.4
3.6
2.7
2.7
1.8
1.8
3.6
8.O
5.4
8.9
2.?
8.9
I.8
2.7
2.7
o-9

I
2
2
2

I

4
I
I
6
4
I
6
6
2

4
4
4
I
2

0

1.r
o
2.3
t.r
4.3
4.5
5.6
5.6
2.3
3.4
4.5
7.9
7.9
9.0
3.4

11 .2
3.4
5.6

r0.1
5.6

2.
6.
8.

12.
L2.
L2.
16.
10.

2.
2.
8.
4.
2.
o
o
o
o
o
2.
o

t.5
4.6
0
7.7

L.7
o
5.2
L.7
6.9
6.9
1.7
5.2
3.5
6.9
6.9
o
3.5
6.9
5.9

12. I
5.2
8_6
5.2
o
1.7
3.5

9
I
I
o

o

9
o
9
9

o
o
I
9
8
I
I
0
9

I
I
o
I
1

5
2

5

9
5

l4
13
I

l3
4
2

2
2
I
I

O.
ulú12

2.4
o
o
0
o
o
0
2.4
o

2
9
3

6
2

4
6

I
9
9
4

9
13

7

7
o
3

I
t
I
0
L
o
o
o
o
o
I

3

2
9
7

7

I
5
5

5

5

1.9
3.7
1.9
5.6
5.6
7.4

13.0
r4.8
11.1
9.3

t3.0
3.7
1.9
1.9
o
o
1.9
1,9
1.9
o

5

L2.
4.
7.

14.
L2.
2.

14.
o
9.
4.
4.
2.
0
o
¿-
o
o
2.

4L

4

4

Sarplc ¡Izc lO5 92 112 89 49 65 86 58 5I 90 54
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5. RECRUITMENT

As suggested ín prevÍous sections, P. Lat¿sulcatus migrate out

from the nursery areas as sub-adults to join the adult stocks in

offshore areas. During this period of recruitment, maxímum catch

rates occur in the commercial fishery (Figure 1-6).

Síze aÈ recruiÈment

Studies on the juvenile stocks (Section I-4) indicated that

P. LatisuLcatus aLLained an approxirnate mean síze of 23 mm C.L.

(sexes cornbíned) before migrating out from the nursery areas. Mesh

selectivity experi.ments (Appendix 3) using commercial fishing gear,

although ínconclusÍ-ve, indicated that 24.5 rnm carapace length

represents the size of prar¡rn at which half are retained and half

escaPe.

Catch rates at the monthly station at Douglas Bank reached a

maximum in the period January to March. This station is close to

knov¡n nursery areas at Chínamanrs Creek (Section I-2). lwo prahrns

tagged at Chinamanrs Creek were subsequently caught. at Douglas Bank,

confirmíng that some recruitment occurred from these nursery areas.

During the period of rnaximum catch rates at Douglas Bank the rnodal

sizes (to the nearest 0.5 mm carapace length) of newly recruíted

pravms during the years of study \^7ere as follows:

Time of maximum
catch rate

Modal síze (rnm C. L. )

male female

12 Feburary 1973

18 March 1974

5 March 1975

28 January 1976

28

31

28

28

29

31

31

29.5

b. Time of recruitment

Time of maximum recruitment h/as calculated by expressing the

combined catch of males < 28 and females -( 31 mrn carapace length,



c

68.

as a percentage of the total monthly sample taken at various stations.

The results at one station in the north of Spencer Gulf (Douglas

Bank, Figure 5-1) índicated that recruitmenE at a low level was

spread over several months with a peak from December to February.

On more southerly f ishíng grounds, which r¡rere not close to the

major nursery areas to the north, recruitment occurred later and at

a larger carapace length. Time of maximum recruitment to the fishing

grounds in Investigator Strait occurred around Apri-l- L977 (Figure 4-2

P.æ). It is suggested that the delay in time of recruitment to the

southerly fishing grounds ís a result of the tíme taken for newly

recruited praq/ns to reach the area from northern nursery areas.

RecruiÈment strength

An estimaÈe of the I sízer of recruitment f or each year \¡ras

calculated by measuring the increase in catch rate during the period

of maximum recruitment above the minimum catch raÈe immediately

príor to the recruitment period. The minimum catch rate r^ras assumed

to represent an index of the numbers of residual stock remaining

from the prevíous yearts recruitment. The method is illustrated in

Fígure 5-2. Catch rates in kg/hr r¡rere converted to numbers of

individual caught per minute from the average growth curve presented

in Sectíon II-6.

RECRUITMENT
INDEX

4o

S O ND JF MAM:rJASOND

t973
Figure 5-2. catch rate (kg/hr) of Penaeus Latisulcatus from Spencer

Gulf 1973, showing the method of calculating an index
of recruitment to this fishery.

60

ç
E\-
s
uj

k
Í,
r)t:
ú
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For the Spencer Gulf fishery Èhe values of the recrultment

indices \dere as follows:

Beglnnl.ng of year Increase in C/E (nos/min)

1969 37.r
1970 61.5

1971 77.8

t972 55.3

ï973 101.3

L974 160.7

L975 55.3

1976 65.6

From these results recruitment of P. LatísuLeatus to the adulÈ

stocks appears to fluctuate from year to year. Varlable recruitment

patterns have been observed for other pen.aeld prar¡rns (Racek L959,

Lucas 1974) and such recruitment appears to be widespread ín

crustacean populations.
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FIGURE 5-1 Ccrnbined rncnthly catch of rnales < 28 nm C.L. and
fsnales < 3l nm C.L. oçressed as percelìtage of total
rrcnthly sarçle (n. Spencer culf)
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6. GROI/üTH

In the study of exploited fish populations, the growth of

many species has been traditionally described by the von Bertalannfy

(1938) equation:

Lt=L- (1 -e -k(r-r" ) (t))

a

where L¡ = length at tíme t

Lq = Érv€rage asymptotic length

K = grovrth coefficíent

to = theoretícal age at whích length is zero.

Traditíon aside, there are several reasons why equation (1)

has been used to describe growth Ín many studies - its exponential

nature has been found to fit data frorn varíous specíes and its

parameters can be readily incorporated into population assessmerit

studies (Gulland 1969). The equation also has a physiological basis,

where K is related to the metabolism of the species.

Several authors have used equation (1) to descríbe the growth

of penaeid prawns (Linder and Anderson 1956, Iversen and Jones 1961,

Klina 1974, Somers 1973, Lucas 1974); all of these authors have used

tagging techniques to estimate the growth parameters. In the present

study, both tagging and length-frequency analysis were used to

calculate growth rates for adult P. LatisuLcatus.

Growth by tag-recapture experiments

Duríng monthly surveys on commercial trawlers in the north of

Spencer Gulf, adult specimens of P. Latisulcattts were measured,

tagged and released. Over 200 individuals with number coded tags

were subsequently caught in many Separate fishing grounds in the

Gulf. Many of those recaptured in the first four weeks after release

had not gror^rn and recaptures ín this períod were excluded from the

analysís. It has been suggested (Penn L975a) that the taggíng
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process may interfere \^rith the f irst and perhaps second moult af.ter

release. Other recaptures hrere misplaced by factory workers or

fishermen or \¡rere returned damaged. Details of the remainíng 68

recaptures are given in Table 6-1 and shown graphically in Figure

6-1.

The data in Table 6-I were analysed by two methods: firstly

by calculating growth increments per mean length during time free,

and secondly by estimating L- and solving equation (1) for K for

each individual.

Method 1

From the general growth equation (l), it can be seen that the

growth curve has a slope which decreases towards zero with increasing

age of the organism, i.

increasing age. The rate of growth at any single length ís not

known but, in the case of tagging daËa, changes ín length over

various Èírne intervals are known. If the times between release (t, )

decrease r¿ith increase in length; the slope of the line of best fit

through these data provides an estimate of -K and the intercept on

the x-axís, an estimate of Læ (i.e. the growth parameters ín

equation (1) ) .

Gulland and Holt (1957) have suggested a method in whích

successive approximations of the value of K can be obtained if some

of the time intervals between release and recapture are long. In

the present study the time intervals were suffíciently short to

the rate of growth jf a.".""ses with

and recapture (tz ) are close together a close approximatíon to the

ínstantaneous rate of growth is gíven ¡V *, where L1 and L^ are
L2 LT

the lengths at time t1 and t2 respectively (Gulland 1969).

From Table 6-1, the growth increment" la--l were plortedt. - t'
against the mean length between release and recapt,rr. !1{!.,2

(Figure 6-2). From this graph the rate of growth can be seen to
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TÂBLE 6-1 Tag-recapture data for adulÈ Penaeus latlsulcatus in
Spencer Gulf (releases frc¡n I9?3 to 1975)

FEMALES !,IALES

Carapace
length (mn)

at at TiÍe
release recap-Pree

b¡re (weeks)

Carapace
length (nun)

Mean aÈ at Tifte
L€nglh release recap-Free
(nn) ture (weeks)

Growth
(¡run/wk)

Grqrth
(nun,/wk)

Mean
I€nqth
(mnt)

27,4

24.2

29.5

29.7

30.6

31.2

31.8

31 .8

32.L

32.2

33.2

33.7

34.0

34.1

34.1

35. O

35 .1

35. 5

35. 9

36. 5

37.6

37.8

37.7

38.4

38. ?

38. 9

39. 9

40. o

40.7

42.L

43.5

45. O

42.4

34. O

30.9

35.2

35. ?

32.6

34.1

32.2

34.?

36. O

37 .4

34: s

35.9

¿I1.4

35.7

34.2

37.5

36.5

36.2

38.6

4t.5
39. O

39. 3

38.5

42.O

39. 3

44.5

40.3

46.5

44.5

43.6

45.8

0.45

0.34

0.26

o. 37

0.30

o.26

0.49

0.06

o.2a

0.31

0.48

0.14

0.19

o.2L

0.21

0.15

o.26

o. lo
o. 06

0. l3
o.12

0. 05

0.12

0. 02

0. t8
0 .06

0. 19

0.06

o.13

0.07

0. 02

0 .20

34.3

17. O

5.4

L4.7

16. 9

5.4

4.7

6.3

9.3

12. I
8.7

5.7

9.9

35.6

7.7

2]-O

9.3

9.9

5.4

16. 3

33.9

21.9

13.9

5.4

18.6

6.3

24.o

5.4

44.6

36 .0

5.4

4.1

35. 1

31.1

30.2

32.5

33. 2

31.9

33.0

32. O

33.4

34.1

35.3

34 .1

35. 0

37.8

34.9

36.6

36. 3

36 .0

36.r
37.6

39. 6

38.4

38.5

38.5

40. 4

39. t
42.2

40.2

43 -6

43.3

43. 5

45.4

24.O

24 -7

26.O

27.L

28.0

24.2

29.1

29.4

30. 3

3L.2

1L.2

31 .7

31 .7

32.2

32.4

32.6

32.9

33. 0

33.8

34. O

34.r
34.2

34.3

34. 6

34.6

34.8

35.0

35. l
35. 5

35.7

36. 3

37. O

37.3

37.4

37 .9

38. 2

26.O

29.4

33. 5

33. 3

29.2

34. O

30.8

33.2

30.5

32.9

31..6

33.1

34.7

33 .0

33 .0

35. 3

34. 3

35.5

35.0

35. 0

34.2

34. 3

37 .3

38. 5

35. 0

37 .0

36.5

35. 6

36.7

39 .5

36.7

37 .9
4r.4

39 .6

38. 0

38.5

5

8.7

I8.3
14. 6

5.0

L1.7

13.9

8.9

6.3
8.9

5.7

5-4
8.7

4.7

5.7

5.4

5.4

L6.7

5.4

5.3

8.7

5.4

r8. 4

33.1

a.7

22.3

5.4

5.4

8.9

48. 3

5.4

5.7
56. 6

19.4

5.0
a1

0.40

0.59

o.4L

o.42

o.24

0. 33

0.08

o. 38

0.03

0. 19

o. 07

o.26

o. 34

o. 17

0,11

0.50

o.26

0. 15

o.22

o. 19

o. 01

o. 02

0.16

0.12

0. 05

0.10

o.2a

0. 09

0.13

0.08

0. 07

0. r6
0.07

0.11

0. 02

0. o3

25.O

27 .3

29.8

30.2

24.6

31. 1

30. 3

31. 5

30.4

32.1

3r.4
32.4

33.2

32.6

32.7

34.O

33. 6

34. 3

34.4

34-5

34.2

34.3

35.8

35 .6

34. 8

35 .9

35.8

35. 4

36. I
37.6

36.5

37 -5

39.4

38.5

38. 0

38.4
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accept the first value of the slope (-K) and x-axís intercept (L- )

in the regression of growth increment agaínst mean length.

Estimates of the growth parameter were L "" -- 4I .2 and 48.1 nun

carapace length and K = 0.025 and 0.017 per week for males and

females respectively.

Method 2

Equation (1) describes the length at any age r. Lf the interval

between the time of release (tr ) and recapture (tz) ís represented by

i then at recapLure the length is:

Lt*i = L- (1 -e-K(r + i - t") (2)

The growth íncrement during the period free (i) is therefore:

Lt*¿ 
- 

Lt = L-(r - .-K(t + i - t'))- L-(1 - e-K(t - t")¡

= LæQ -r(t - r")

-K(r - r" )

-K(r+i-r.)

= L-ê (3)

by changing terms equation (1) becomes

L-e -K(r - r")
-f1-.L@- Lt (4)

substitutíng equation (4) in equarion (3)

Lr*¿ - L¿ = (L-- L.) (1 - e-Ki (s)

-Kie Lt+i 
- 

L

)

- L-ê

(1 -e
_Ki)

)

-1-r- ,L- -L

- ln (t - Ltr*l-:- l-¡
- L.æ - l,t_K

1 (6)

Using equation (6) it is not necessary to know the value of to

as in equation (1) but a value of the theoretical maximum length L-

is required to solve for K. The largest specimens taken in spencer

Gulf were 48.5 rnm C.L. (male) and 62.8 mm C.L. (female). However,

as these may represent sizes reached by unusually fast growing

índividuals, it seemed more reasonable to use the average of the



77.

maxi-mum sizes found in the length-frequency data; these r¿ere

47.8 mrn (nale) and 60.2 mm (female).

These estimated values of L-were used ín equation (6) to

calculaÈe a value of K for each recaptured prawn (Table 6-2). The

mean values and standard deviations for K were:

males K = 0.013 + 0.0085 per week

females K = 0.008 + 0.0049 per week

(7)

(8)

b. Growth by leneth-freouencv analysl_s

The use of length-frequency data has been discussed previously

ín relation to the growth of juvenile p. Latisulcatus (section r-4).

Although recruitment to the fishery is extended over several months

there is a period of maximum recruitment (January to March in Spencer

GuIf). The mode resulting from this recruitment can be followed in

the length-frequency data obtai-ned on the fishing grounds. Two such

fishing grounds where length-frequency data were regularly collected

$rere at Douglas Bank in northern spencer Gulf and in rnvestigator

Strait. Length-frequency diagrams for both areas r¡rere present.ed ín

Section II-4.

Northern Spencer Gulf

Tables 6-3 and 6-4 show the modes of male and female p.

LatisuLcatus respectívely. The modes were taken from the smoothed

length-frequency data for Douglas Bank from rg73-1975 inclusive.

Dashes indícate months where no obvious modes were evident. Towards

the latter part of each period (Decernber to May) the numbers of larger

animals were small; to compensate for this, modes from each 2 monthsl

samples r¡rere averaged.

using Èhe technique similar to that described previously the

growth increment" ::=+ were plotted againsr rhe mean lengrh berween

surveys (Figure 6-3;. ,n" .ur""lated line of best fit Èhrough these

data had a slope of K = 0.025 mm (males) and 0.018 mm (females).

values of the incepts were Læ= 47.3 mm (males) and 72.6 mrr- (females).
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TABLE 6-3 : Growth data for adult male Penaeus
Spencer Gulf.

latisuleatus
Iqodes are frqn years 1973 to 1975 inclusive.

by modal progression frcrn Douglas Bank, northern

January

February

March

ApriJ-

May

June

July

August

September

October

November

DeclJan

Feb,/Mar

April/May

Recruitment
of 1973

26

2A

30

30

36

37

36

37

37

36

37

37

39

Recruitment
of L974

25

}J. S.

31

33

35

35

36. 5

37

37

37

37

38

39

Recruitment
of 1975

25-5

26

2B

33. 5

35

35

36

Ivlean
modal C.L.
(nrn)

25.5

27-O

29.7

3I -1

34.8

35.7

36. 3

37.O

37 .0

36.0

36.7

37 .5

38. 5

l'lean C. L.
between
surveys (mm)

26 -3

28.4

30.7

33.3

35. 3

36. 0

36.7

37.0

36. 5

36.4

37.1

38.0

40.8

Growth
increment
weekly
(mm,/wk)

0. 38

0.63

o-50

0.78

o.23

0.15

0 .1_8

0.00

0 .18

0.I3

0.13

-J\o32

43 43

37 .5

43.0
0.56

clv



TABLE 6-4: cro\¡rth data for adul-t fema]e penaeus
Spencer Gul-f-

Iatisuleatus
Modes are from years 1973 to 1975 inclusiye.

by modal progression fr@ Douglas Bank northern

January

February

March

ApriI
May

June

JuIy

August

September

October

November

Dec/Jan

Feb/Mar

April/May

Recruitment
of 1973

26

29

27.5

29.5

4L

46

43

46

45

47

47 -5

52

RecruiEnent
of l-974

26

3I
36

43.5

44

46

45

45

47.A

47 .5

53

Recruitment
of 1975

27

29.5

3I
35

38

4T

Mean
rnodal C. L.
(rn)

26 -3

29.3

29.8

33. 5

39.5

43.5

43. 3

45.0

44. O

44.7

44.7

49.3

49- 8

54. 0

Mean C.L.
between
surveys (nm)

27.8

29.6

31. 7

36. 5

41.5

43.4

44.2

44-5

44- 4

44.7

47.O

49.6

51. 9

Growth
increment
(mm/wk)

o:75

0.I3

0. 93

1.50

1. 00

0. 43

0.18

0-00

o -77

0.06

0.53

@
9

4I

42

4r.5
48

52

55
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InvesËigator Strait

Major surveys in Investigator Strait r¡rere carried out at 3

and later 2 rnonthly ínÈervals. Modes from the length-frequency

data r^rith estimated growth increments per week are shown in Table

6-5. These data were analysed ín two r¡/ays. Firstly, by usíng the

progression of modes as in the data for Douglas Bank (i.e. by

"working dornrn" the columns in Table 6-5). Second1y, by using the

difference beÈr^reen the modal lengths of the three separate age

classes in the length-frequency data of the April and June, 1977

surveys (í.e. by "working across" the ro\,rs at the bottorn of Table 6-5).

Method I

The modal values l^tere Ëreated ín the same manner as the data

from Douglas Bank. The regressi-on of growth íncrements against mean

length (Figure 6-4) had a slope of K = 0.014 per wk. (rnales) and

0.014 per wk. (females). Values of L-were 48.0 mm (ma1es) and 65.5 mm

(feurales).

Method 2

In the April and June I977 Iength-frequency data for Investigator

Strait, three separate modes were evident. The difference between the

modes !üere considered to represent annual growth increments. From

rearranging equation (5) and substitutÍng a tíme interval of i = I

year, the following expression was obtained:

Ltri - Lt = l-- (1 - e-K) - l.{t - e-K) (e)

which is of the linear form Y = A * BX where A is a constant and B

represents the slope. From this the familiar plot (Gu1land 1969) of

growth increment Lt*¿ 
- 

L¡ agaínst inítial length L1 give a line

of slope - (I - "-K). From the data of the April and June surveys

4 points were obtained to plot the regression line in Fígure 6-5.

Values of K were 0.010 per week (males) and 0.008 per week (females)

with intercepts of L- = 45.0 mm (males)and 65.3 nm (females).



TABI,E 6-5: Growth data for Penaeus l-atisulcatus by modar progression - length
frequency data fñ-tr¡¡estigator strait, August l-926 to June Lg77.
size classes refer to those indicated in the length frequency data
for Jr¡ne l-977 (fí9. 4-2).

SIZE CLASS I

MALE

August 12

November 24

February 14

J-977 April 18

June 20

FEM.ALE

August 12

November 24

Feklruary 14

1977 April 18

June 20

Modal
length
(mtn)

28.0

30.0

29-O

Growth
incr.
per
week

l"le an
length
(mm)

æ
OJ

o.25 29 . O

Gro$¡th
in cr.
per
week

Modal
Iength
(mm)

Mean
length
(nun)

SIZE CLASS 3

54. c)

49. O

48.0

52. O

48-5

0.25 53.00

0.33 50.50

0.05 48.75

o. 04 4a.25

4I. O

40.0

39.5

39. O

42-O

0.05 39.75

0.13 41.50

0.11 40.50

0.04 39.25

Growth
incr.
Der
week

Modal
Iength
(nun )

Mean
length
(nun)

SIZE CLASS 2

28. O

38.0

31. 5

37.O

32.5

0. 13 37- 50

0.50 34.75

0.09 32.00

o.25 29.75

45. 5

44-O

39.0

32. 0

34,0
0.14 33.0C)

0.56 41.50

o.45 36.50

0.l_9 44-75
34. 0

0.63 31.5
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In summary, the gror{th parameters calculated by various methods

at each station are given in the table below:

TABI,E 6-6

Summary of growth parameters obtained for adult P. Latisulcatus

METHOD LOCATION
K Læ

MALE FEMALEMALE FEMALE

1 tagging
(calculated L-)
tagging
(estimated L")
modal progression

modal progressíon

age class analysis

Spencer Gulf
Spencer Gulf

Invest. Strait
Invest. Strait

Spencer Gulf 0.025 0.017 4I.2 48. I
2

3

4

5

0.013

0.025

0.014

0. 010

0.008

0 .018

0.0r4
0.008

47 .8

47 .3

48.0

4s.0

60.2

72.6

65 .5

65 .3

The dífference ín the parameters obtained may be attributed to

attempting to fit a theoretical growth curve of the von Bertalanffy

type to the data obtained. Both the length-frecuency and tagging

data indicate that there is a marked slowing down of growth during

the winter months. The von Bertalanffy curve, however, is one in

which the slope decreases with íncreasing age and approaches an

upper asymptote at Loo . In the actual data there is 1ike1y to be a

series of asymptotes - one for each r^/ínter. Fígure 6-6 shows modal

points at Douglas Bank and the taggíng daEa has been shown ín Figure

6-l; both diagrams indicate slow winter growth.

Because of the relatively short life of P. Lat')suLcatus,

especially in more heavily exploited areas, it was not possible to

eliminate the effect of reduced wínter growth. In long-lived

species this can be done by considering several year-classes at one

time or the progress of particular age-classes over several years.

The only data approaching "long-term'r status in the present

study \¡/ere provided by method 5 - i.e. the age class analysís in
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rnvestígator strait. This fishing ground has been relatively

unexploited i-n the past and three separate age classes \^rere evident

in the stock. However, although temperature effects were eliminated

by this method its deficíencies are (1) growth increments obtained

do not correspond to any single group of animals (Gulland 1969) and

(2) the assumption that the modes in the length-frequency represent

separate year classes remains unproven.

The taggíng data from spencer Gulf (Method 1) have the advantage

of provídíng growth information on individual anímals and the data

was obtained over a reasonably long time period but the calculated

values of L- appearecl low; it is suggested that these values represent

the levelling off in growth during the winter rather than actual

maximum lengths.

To construct a general growth curve, values obtained in Method 1

(K = 0.021 per week and Lo= 45 mm) were substituted in equatíon (l).

To solve the equati-on, the value of to was chosen so that at t = o,

Lt was the mean length of the prar¡rns at recruitment , i. e. Lt = 26 .5 mm

The value obtained for to \^ras -36.7 weeks. The von Bertallanfy growth

curve is shown in Figure 6-7 with the curve drawn (by hand) through

the actual modal values from northern Spencer Gulf. Both curves \{ere

used ín section rr-11, to estimate yield and the ractual dataf curve

was used (Table 6-8) in several ínstances to convert catch weight per

hour to numbers per hour.

The values for the von Bertallanfy growth parameters obtained in

the present study are compared to those of other species in Table 6-7.

It should be stressed, horøever, that the estimated values of L- and

K represent a method of incorporating growth data ínto yield equations

rather than an accurate description of growth. The dangers of putling

a too li-teral meaning on K and L - and extrapolating too far beyond

the available data have been stressed by Knight (1968).
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TABLE 6-7

Estimates of the von Bertallanfy growth parameter K

for various species of penaeid prawns

SPECIES AND AREA METHOD K (PER I4IEEK) REFERENCE

P. duoxarum
Gulf of Mexíco

P. setífetus
Gulf of ì[exíco

P. pLebejus
Moreton Bay, Q1d.

taggíng 0.07

tagging 0.09

tagging 0. 10

0.02

Kutkuhn (1966)

Klirna (I97 4)

Lucas (I974)

(present study)
P. LatisuLeatus

Spencer Gu1f, S.A. tagging

TABLE 6-8: crowth in carapace length (C,L")
and wet weiqht of adult penaeus latisulcatus
(sexes cqnbined).

MONTH MEAN C.L,
(run )

!üET I^IT. *
(s)

Jan
Feb
Mar
Apr
May
June
July
Aug
Sept
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May

9.94
12 .25
76.78
19. 48
24.9I
30.35
33.34
35 " 02
35.76
36. 51
37 .27
38. 55
40.4a
43.I5
46 .59
51.15
56 .32

26.5
28.5
31. I
33.5
36. s
39.1
40.4
41. 1
4I.4
4I.7
42.O
42.5
43.2
44.2
45.4
46.9
48.5

â{
* vteight data were predicted frqn the geønetric curve w = al.bwhere the variables w and L represent liveweight and c.ïapacelengtl. respectivery; the constant a = 0.00092 and theexponent b = 2.96925 (see appenrlix 1).
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REPRODUCTION

ReproducÈive biology

The sex of tr/esÈern King prahTrìs is distinguishable by the

appearance of the genitalia. The male sex organ (petasma) is

forrned by the development of the first pair of pleonic endopodites.

In mature males the endopodites join along the medíal margin by the

interlocking of hook-like structures (King 1948) ro form a single

organ. The petasma has been observed (Hudínaga 1942) to be

ínstrumental in the transfer of spermatophores to the ventral

surface of the female.

The reproductive system of female P. LatisuLcatus consists of

paired ovaries and ovíducts terminatíng at the thelycum composed of

two distinctíve lateral plates. In the sexually mature female, the

ovaries extend almost the full length of the animal; in the cephalo-

thoracic region the organ is full and many-1obed v/ith a pair of

lobes, one from each ovary, extending the length of the abdomen.

In live or recently killed pra\¡/ns the ovaries are visible through

the surrounding tissue and exoskeleton.

Development of the ovary

( I ) His tology :

Ovaries taken from prawns in the monthly samples at Douglas

Bank were sectioned and stained using haematoxylin and eosin dyes.

Permanent slides were made before being assessed. Ovarian develop-

menË was divided into the fíve arbitrary stages described by Tuma

(1967) for P. merguiensis; these were stage I (quiescent), stage 2

(developing), stage 3 (early maturity), stage 4 (rípe) and stage 5

(spent).

The stages observeel were catalogrrecl and cornpared wíth

accompanying macroscopic changes in size, form and colour of the

ovary.

b
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(2) Morphology:

It r¿as observed that the ovaries of P. Latisulcatus progressed

through a series of size, form and colour changes duríng development.

These macroscopic changes r¡/ere divided into 5 arbitrary stages as

shown diagramatically in Figure 7-1. These stages correspond to

those based on the hístology of the ovary in the manner shown in

Table 7-1. It was not possible to distinguish spent individuals by

macroscopic inspectíon.

TABLE 7-I

Comparison of the stages of ovarian development using

microscopic criteria after Tuma, 1967, (arabic numerals)

and macroscopic criteria (roman numerals)

Microscopíc Macroscopic

Undeveloped

Developing

Early maturity

Ripe

Spent

Stage I

Stage 2

Stage 3

Stage 4

Stage 5

Stage 0

Stage I and II

Stage III

Stage IV

Not distínguishable

The method of assessing the reproductive condition of female

prawns using macroscopic criteria had the advantage of being easy

to use in the field (at sea) and it r^/as not necesdary to sacrifice

the animal in the process. It is also possible for workers without

biological training to use the method.

The maín disadvantage of the method is that it could only be

used wíthout diffículty on live or recently kí1led specimens. One

of the earliest post-mortem changes in prawns is from transparent

to opaque tissue; this opacity obscured the organs beneath and made
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FIGURE ?-1¡ Macrosçopic criteria used
in staging ovarian developnent in
Penaeus Latíeulcatus

STÀGE O

-ovarl¡ not evident
-gut a¡d muscle visible

STÀæ I
-ova¡y milk ¡¡t¡-ite (translucent)

and not visible through cä¡apace

STA@ II
-ova.ry pale yellow

and not visible through caraÞace

STA@ ITT
- ovary lemon ye11ow

and visible through carapace and in abdqmen
- muscle just visible
- chromatophores evident

STAæ rv
- ovary yellcw,/orange
- red chromatophores

proninent
- anterior & Lateral lobes

pronú-nent under carapace
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macroscopic assessrnent difficult. This change occurs within about

3 hours at 28oC and about 5 hours at L2oC. After this period,

however, gonad colour could still be viewed through the dorsal

carapaceftaíl joínt.

The rnethod was used throughout most of the research at sea and

to a lesser extent in processing factories. In the ensuing part of

this paper, ovary stages referred to are those based on macroscopic

criteria.

Size at sexual maturity

The main stage ín the external sexual development of the male

is the joiníng of the endopodite to form the male sex organ (petasma).

After this sÈage the peLasma contínues to increase in length and ít

has been noted by Tuma (L967) that extra thickening of the lateral

ridges of the organ occurs. Figure 7-2 shows that, in an examination

of 957 males of less than 35 mm C.L. the first pair of pleonic endo-

podites are joined ín 507" of individuals of. 2l nm carapace length

pos ses sed(90 mm total length).

joined endopodites.

The development

sections. Figure 7-2

A1l males over 25 mm carapace length

of the ovary has been described in previous

shor^/s that in 428 female pra\^Ins examined,

d

developing ovaries (Stage I or greater) were found in pravms as sma11

as 22 mn carapace length. At a length of approximately 27 mm

carapace length (112 mm total length) 50% of female prawns had

developing ovaries.

Although mature males (joined endopodites) could be found in the

inshore nursery areas all females in such areas vr'ere immature.

Spawníng cycle

A method has been descríbed of macroscopically assessing the

reproductive condition of f emale pral¡Ins. I,Jorking f rom commercial

trawlers, the method was used at set monthly stations in northern

Spencer Gulf and provided information on seasonal ovary development
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Figure 7-3, based on observations over 2 years at Douglas

Bank in northern spencer Gulf, shorn¡s that females with developing

ovaries were found in a1l but the coldest months of the year. A

peak in ovary development occurred in November and the data

suggested that there \^ras a second peak in the early months of the

following year. Table 7-2 shows the monthly length frequency

distributions of females in sta¡les III and IV ovary condítion

over the same períod illustrated in Figure 7-3. These data

indi-cated that older prar¡,rrs contributed to the spawning stock ín

November. From December to March newly recruited. prahrns r^rere

added to form a second peak in ovary development (Figure 7-3).

catch sampling ín lower Spencer Gu1f, rnvestiS;ator strait and Gulf

of st. vincent indicates that this seasonal cycle is general over

these areas.

Spawning areas

Sampling during the spawning season \^/as carried out in Gulf

and Strait ü¡aters mainly on an opportunistic basis. However, one

major survey qf these \"raters was made on October 1974 (Figure 7-4)

and at present regular programmes are being maintained in

Investigator Strait and Gulf of St. Vincent.

Females with well developed ovaries appeared to be widely

distributed over the fishing grounds and there vras no evidence to

su€igest the existence of pirrticular or well defined sparuning areas

Sex ratios

In the 26 monthly samples taken at Douglas Bank, totalling

9 068 pra\^rns there were 4 765 males and 4 303 females, a ratio of

53 per cent males to 47 per cent females. However, some monthly

samples varied signÍficantly from an expected I : I ratio. Figure 7-5

shows the manner in which sex ratios varíed over the year. Although

no distincÈ patterns predominate, the lorver proportion of females

f
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BBLE 7-2: Mcnttr-Iy lerrgth distrib¡tions (no. of i¡rdividuals) of fqnale prav,ns
in Stage IIf and rV orrary cqrdition. Data frqn Douglas Bank during
s¡nvrning seasons of L974/75 (top of t¿ble) and L975/76 (bottqn) .
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FIGURE 7-3 Histogram of ovary developmental stages O-IV
in monthly samples of Penaeus l-ati sulcatus
from Douglas Barrk, ìlorthern Spencer Gulf .
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are shown for each area.
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Ín the caËch after the spawning season may indicate that, during

this period, female mortality is high or that females are less

vulnerable to the gear.

60r

508

408

D

L974

L975
I976>---oa

\
I

f
I \

a

J F M M J J ASO N DA

Figure 7-5: Number of female pra\^/ns expressed as a percentage of
Èhe total sample (n = 187 to 943), northern Spencer
Gulf.

oõ Spawner/recruít relationship

Tn many físheries a positive relationship has been demonstrated

beËv'reen the number of spawning females in the population and the

number of resulting recruits entering the fishery. In fisheries

where this posítj-ve relationship exists there is value, from a

conservational point of view, in preserving or protecting the breeding

stock. However, this relationship has usually only been demonstrated

in long lived, less fecund animals such as Cod and Hadock (Jones 1973)

and much less often in highly fecund animals such as Ocean shrirnp,

Pandalanus jondani (Gotshall I972) .

Steeply positive-sloping, spa\^/ner-recruit relationships have

not been demonstrated for the penaeid prawns, although Neal (I973)

suggested that the reproductive capacíty of P. setiferus may have been

reduced by heavy fishíng. In P. LatísuLcatus catch and effort data

have been used to estimate the relative abundances of spawning females

and resulting recruits in the Spencer Gulf fishery.



99.

There are 2 naín dífficulties in using catch rates as an

índex of relatíve abundance of both spawners and recruits. Firstly,

the periods of spawning and recruitment tend to overlap; secondly

the spawning stock consísts of both older stock and a substantial

number of newly recruited females. These conditions are illustrated

in Figure 7-6.

nursery areas offshore areas

year t

anuary

December

recruitment
of subadults

---_->

t.
spawnr-ng

s tock

January recruitment
of subadults

+ spawning
stock

yeart*1

December

Fígure 7-6: The spawning stock in year t + I consists of mature
females from the previous year's recruitment (year t)
and the present yearts recruitment (year t + 1).

Indices of sizes of recruitment and spavrníng stocks v/ere

calculated for P. LatisuLcatus in Spencer Gulf in the following

manner:

An index of a recruitment in year t + 2 was calculated

as in Section 5; i.e. by calculating the. increase ín

catch rate (no. of prawns caught per minute) in the

period of maxi-mum catch rate (recruitment peak) over

the mínimum catch rate immediately prior to the

recruitment period (residual stock from year t + t).

Spavming stock in year t + I was calculated as a sum of:

(a) the residual* female stock from year t, calculated

by the average number of females caught per minute

I

2



100.

in the period of minÍmum catch rate prior to

recruitment.

(b) Half,t* the newly recruited females from year t + 1

(calculated as in I above).

x The sex ratio r¡/as assumed to be 50:50 - i.e. half of the

number caught per minute \^rere assumed to be female.

** Some newly recruited females were ímmature or recruíted too

late to contribute to the spawning stock of the current year.

As an approximation only half of the newly recruited females

were íncluded in the calculations of spawning stock size.

Table 7-3 shows the calculated indíces of both the size of the

spawning stock and recruitment in the Spencer Gulf fishery. The

spawning stock present at the beginning of one year r4ras related to

the resulting size of recruitment approximately one year 1ater.

Figure 7-7 shows thís relationshíp superimposed on a hypothetical

spal¡lner-recruit curve for penaeíd prawns, proposed by Neal (I973).

The data in the present study are inadequate in that information

ís avaílable from too short a period. Ricker (1975) has suggested

that at least 15 years of observations are required to demonstrate

spal^rner-recruit relationships. However, the wide spread of points

in Figure 7-7 indícates that at present levels of fishing effort,

there is no evidence of a positive relationship between the number

of spawners and the numbers of resulting recruíts, i,e. fishing

morÈalíty is unlikely to be affecting the reproductive potential of

the population. In P. Latisttlcatus, environmental facÈors are

more likely to be the cause of fluctuations in annual recruitment.
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TABLE 1-3 : Indices of si ze of spawning stock and recruitment in the r'1.ìr

Spencer Gulf fishery for penaeus latisulcatus
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8. FEEDING

The dígestive systern and fccding behaviour of juveni]e Penaeus

LatisuLcatus have been discussed in sectíon r-5. From aquaria

studies and limíted diving observations, Èhe feeding betraviourofadults

appears to be similar to that described for juveniles.

As for juveniles, samples of adult prahrns were Èaken for the

analysís of stomach contents. At least 507" of the stomach contenËs

consisted of unidentifiable detritus but the following 1íst of food

organisms r{tas constructed from resístant material which remained

recogni-sable. The organísms are listed in approximate order of

most frequent occurrence:

Crustacea: Portíons of chela

limbs

and exoskeleton of unknown

crustaceans, of Ísopods, appendages of

penaeid pralyns.

Mollusca: Fragments of bivalve shells.

Echínodermata: Spines of sea-urchin, part of sea-urchin

test (?)

Btyozoa: Fragments of lace coral.

Plsc.es: Scales of small fish.

Plant materíal: A1gal fragments (Rhodophycean) .

The diet of adult P. Lat'í.sulcatus was found to be similar to

that of juveniles in that a wide range of food types were used.

However, the proportíon of various organisms present appeared

different. Macroscopic plant material, which seemed to be an

important food item for juvenile pravrns, appeared not to be so for

adult prawns.
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BEHAVIOUR

Activíty

The effects of light and temperature on the behaviour of

juvenile P. Latisulcatus h.as been discussed in Section I-6. Adults

appear to be similar in that cyclíc patterns ín catch rates occur

in the commercial físhery.

(1) Daily light/dark cycle:

Commercial trawling gear has developed to the extent that the

sea bottom is minírnally disturbed (underwater film made duríng the

study is on fíle in the Fisheries Branch). This ensures that the

amount of rtrasht - sponge, bryozoa, crabs, etc. - caught ín the

nets is smal1 and that the fisherman's work of sortíng the catch is

reduced. Consequently, pra\{ns must be above or on the bottom to be

caughÈ by the nets. Low catch rates, therefore, indicate one of two

Èhíngs; eíther prawns are absent from the area or they are buríed

below the substrate.

Trawling during daylight is rarely successful. The exceptions

to thís are during certain times (e.g. just after recruitment) and

in some deeper areas ( > 40 m) of f the \^/estern coast of the State.

The facl that, in most cases, catch rates rapidly increase after

sunset and decrease at sunrise suggests that P. Latisulcatt¿s ís

nocturnal and remains buried during the day.

Catch raÈes of the commercial fleet Were examined over longer

andperiods

seasonal

(rnonths and years) Èo determine whether the lunar

cycles demonsËrated for juveniles (Section I-6)

Latisulcatus.

applied to

Monthly lunar cycle:

Using catch statistics from the 1og sheets of all fishermen in

one area (Spencer Gulf), catch rates of the whole fleet were

adult

(2)

D

calculated on a daily basis. As virtually the whole fleet was
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fishing at one time, it was not necessary to correct individual

boat catch rates for relative fishing por^/er. The indívidual catch

rates of each vessel r^/ere totalled to provide a mean catch rate

(kg per hour trawled) for each day of the year. The data for 1973

in Spencer Gulf is shown in Figure 9-1.

Results show that at least in the early months of the year (after

recruitment) the mean catch rates of the Spencer Gulf fleet appear highest
near the perio<l of the ner^/ moon. This suggests a lunar period-

ícity in activíEy of adult P. LatisuLcatus ín which more time is

spent on or above the substrate during the dark period than light

period of the lunar month.

Lunar rythms in activity had been demonstrated ín several

species of penaeid prawn in laboratory conditions (see discussion

ín juvenile Section 1-6). In commercial stocks, catch rates of

Metapenaeus maeLeayii and Penaeus plebejus were shown to reach a

maxímum 3-4 days before the new moon (Racek 1957). In Metapenaeus

master,s¿í (Dall 1958) and Pettaeus duora.nlrn (Fuss and Ogren 1966)

the effect of moonlight on reducing activity has been discussed.

However, there is no evidence that reduced activity during the time

of full moon is due to the dírect inhibiting effect of moonlight.

Racek considered it unlikely that direct moonlight could so affect

a bottom dwelling species. This claim is supported by the fact

that at least one físhery on a basically nocturnal species of

penaeid prawn, P. esculentus, has maximum catch rates about 3-4 days

before the full moon (lnlhíte 1973). In some species such as

P. plebejus in Queensland there is some evidence of a lunar cycle

in vulnerabilÍty to trawls (Lucas 1973) but times of the lunar

period when best catch rates occur differ according to area.

In summary, catch analysis shor,rs that the activity of adult

P. LatisuLcatus appears related to the lunar cycle. hhether
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activíty is related to moonlight per se or some associated aspect,

such as tide, moulti.ng, etc. is not known.

(3) Seasonal temperature cycle:

After recruitment to the adult stocks (December to March in
t^Lta

northern Spencer Gulf) maximum catch rates are,,by the commercial

fleet. As described for juvenile P. LatisuLcatus catch rates

decrease Ëo a minímum duríng the wínter before reaching a second,

but lower, maximum in the spring. The catch rates in Spencer Gulf

during 1973 are shown in Figure 9-2. Mean catch rates in kg/hr have

been converted Èo numbers per hour by using the general growth curve

presented in Section 6. Subsurface rn/ater temperatures taken at one

station (Eastern Shoal) in Spencer Gulf are also shov¡n.

The data for adult and juvenile P. LatisuLcatus are similar in

that periods of minimum r^rater temperatures and minimum catch rates

coincíde. As for the juveniles, it is suggested that reduced

vulnerability of adults during \,rinter is due to reduced actívity. A

preliminary analysis of patterns of nightly catch rates in both winter

and summer was made by examíníng the catches of individual vessels.

Figure 9-3 compares the catch rates during Èhe months of July and

December of one vessel operating in Investigator Straít. In each of

the two months the vessel was working in similar areas and doubtful

catch rates (e.g. those made I^¡hen nets \^rere damaged) have been

excluded. Sea temperatures taken at the Kíngscote jetty (Kangaroo

Island) were 13oC and 2loC in July and December respectively. In

Figure 9-3, individual catch rates (black dots) over the whole month

are combined in each diagram to indicate how catch rates vary over the

night. The mean values for catch rates at each hour of the night have

been joined by the solid line.

These results indicate thar differences in summer and winter

nightly catch patterns could exist. The vulnerability of pral¡lns
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duríng July appears to reach a peak around midnight whereas that

in December appearecl to be more even over the period of darkness.

A more extensive analysís involving extraction of the hour by hour

catch rates of a large number of vessels will be necessary to reach

a firm conclusíon. However, the preliminary analysis shows that

adult P. Latisulcatus may be sirnilar to juveniles in that reduced

activíty occurs in the winter months. In 1o\^r temperatures adult

prar¡rns may spend only a limited períod on or above Ehe substrate.

Moultíng Cycle

In crustaceans, initíation of moulting is controlled by a

moult-inhibíting hormone produced in certain neurosecretary ce1ls of

the X-organs (Passano 1960). The X-organs are situated in the eye-

stalks. Because of the organsr situation they have been thought to

be light sensitive. Photoperiod (Aiken 1969) and both constant

illumination and constant darkness (Passano 1960) have al1 been

shovm to ínhibit moulting in certain species. The moult cycle in

many nocturnal crustaceans may, therefore, be rel.ated to the lunar

phase.

Penaeid prar^rns appear to be similar to other decapod crustaceans

in the physiology of moulËing. Dal1 (1965) found that the moult-

inhibiting hormone ín Metapena.eus was produced largely ín the eye-

sEalk: light was thought to be an important factor in influencing

the moult cycle of this species. Racek (1959) in an examination of

the abundance of recently moulted M. macLeayi in the commercial catch

in Eastern Australia, concluded that moulting in adults \^tas correlated

with the lunar cycle. In a similar way White (1973) determined that

the moulting cycle of P. escuLentus v/as influenced by the lunar cycle.

Commercial catches of adult Penaeus LatisuLcatus are landed at

several major ports where they are transported to the factories for

processíng (Section II-lb). The pra\^/ns are subsequently graded into

various síze classes. At one factory (Australian Bight Fishermenrs



c

110 .

Society LÈd.), pra\Àrns unsuitable for grading are classed as t'meat";

this class includes some damaged or small pral^rns but the ma.jority

are t'sof t-shelledtt - i.e. recently moulted.

In order to study the cyclic nature of moultíng in P. LatisuLcatus

the factory records hrere examined to obtain the percentage of the

landings over the lunar cycle which were classes as "meat". To reduce

Èhe effects of sma1l prar¡¡ns included in the "meattt class a three month

period after the tíme of maximum recruitment \^/as examíned - percentages

of the total catch classed as meat were combined in one week class

intervals over the lunar month (Figure 9-4),

There are several problems in interpreting the above results.

Firstly the 1ow range in numbers of soft shelled animals in the catch

(I7.8"/. to 30.5% of the catch classed as meat) indicates that moulting

prawns may be less vulnerable to the trawlíng gear than intermoult

pravrrls. It is possible that during the moulting períod, prawns

remain buried in the substrate and consequently only a small percentage

of the total number of soft shelled animals are caught in the net. In

aquaria P. Latisuleatus were observed to moult and remain buried while

soft-shelled (less than 24 hour:s). In spite of the limitations of

the method used, the results indicate that moulting in P. LatisuLcatus

is related to the lunar cycle.

Migration

The movement of penaeíd prar^rns was studied using Petersen disc

tags by Líndner and Anderson (1956). Since that s.tudy several other

authors have used varíous tagging rnethods for a similar purpose

(Iverson and ldyll 1960, Iverson and Jones 1961, Potter I973, Lucas

1975 and Ruello 1915). In the present study \,/estern king prawns \^7ere

tagged using P.V.C. toggle tags inserted with a mechanical applicator

(Methods - Section C).

The majority of taggíng \^/as carried out in Spencer Gulf and
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more recently some releases have been made in the Gulf of St.

Vincent and Investigator Strait. Results presented in this section

are those from Spencer Gulf . Most recovered tagged pra\,irls \¡/ere

returned r¿ithin a short time and had not moved from the point of

release. However, many were free for perlods up t-o 443 days and

moved distances up to a maximum of 84 n. miles (156 km).

(l) Distance and speed of migration:

Table 9-l shows the relationship between distance moved and time

free. These factors do not seem directly related and most pra!/ns at

liberty over l0O days were recovered less than 10 n. miles from the

point of release. The fact that there ís not an exact relationship

between distance moved and time free indicates that either:-

(a) pra\^,rts have moved from the poinl of release to the poínt

of capture by indirect routes.

(b) only some prav/ns migrate

(c) migratíon is seasonal.
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(2) Tiure of migration:

Over the years 1974 and 1975 prawns l¡/ere tagged and rclcascd

on a monthly basis at Eastern Shoal in northern Spencer Gulf.

Recoveries of tagged prawns from these releases are shown in Table

9-2 ¡¿hich lists the numbers recovered in different as well as the

same location. For the purpose of this analysis only recoveríes

made between 20 and 60 days were included.

Although the number of returns during some months was sma1l,

there is a general indicatíon Ehat most movements of tagged prawns

occured during the sumrner and autumn.

(3) Direction of migration:

During the years 1973 to 1975 several major releases of tagged

prarÀrns were made f rom commercial vessels. Results f rom two such

releases at Eastern Shoal (10 January, 1973) and Wallaroo (6 Apri1,

1973) are summarízed in Figures 9-5 and 9-6 respectively. In these

figures each point represents one tag return.

Results of recaptures from all major and minor releases were

summarised according to season of return in Figure 9-7. From these

data and length-frequency distributions (Section II-4), there

aPpears to be a general southerly movement of small newly recruited

prawns in spring and summer. Movements of prawns appear to loosely

coíncide with the general Ì^¡ater circulation in Spencer Gulf (Section

Tl-2, Figure 2-I). If this is so, southerly movements may take place

down the rniddle of the Gulf, whíle northerly movements of larger

pral¡rns (during the winter) may occur closer to the coast.
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TABLE 9-1

Dístance moved by tagged Penaeus LatísuLcatus ín Spencer Gulf

ín relatíon to number of days free.

Distance moved (nautical rní1es)
Days
free

1- 10

II-20

2t-30

3 1-40

4 1-50

5 1-60

6r-70

7 1-80

8 1-90

91-100

10r-110

Itl-I20

12r-130

131-140

141-150

I 5 1-200

20t-250

25 t- 300

301-350

3s l-400

40 r-450

70

287

72

77

9

50

22

10

I4

6

I

2

+6

6

1

t2

10

2

1

I

I

6

3

I

2

1

I

I

1

I

3

2

1

7

3

11

3

2

I

7

7

4

8

I

3

1

2

I2

I

2

2

2

2t-30I r-200- 10 6t-705 1-604 1-s03 1-40

t0
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TABLE 9-2

Recoveries of tagged Penaeus LatisuLeatus per month showlng

numbers moved and numbers recovered in same location

(prawns recovered within 20 days after 60 days excluded).

Month of
recovery Different locatlon Same location

January

February

March

April

May

June

July

August

September

October

November

December

0

8

11

40

9

I

0

0

0

0

0

2

I

9

28

44

B4

0

5

7

L6

2

1

0
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IO. MORTALITY

Mortality in relati-on to juvenile prar¡/ns has been discussed

ín section r-7. Sound fisheries management often involves the

infliction of a known and planned mortality on the exploited

species. The planned mortality is directly related to the level of

fishing effort (number of boats, hours worked, etc.) in the fishery.

unplanned mortality can be caused by several natural fact,ors

including disease, parasirism, sÈarvation, adverse physical

condiÈions and, probably least conmon of all, o1d age. Thus, usi_ng

the notation of Ricker (1975) the rotal mortality (z) can be divided

into two classes: fishing mortality (F) and narural mortality (M) .

Bydefinition, Z=F1'l'I (r)

rn the following sections, total fishing and natural mortality

estimates are obtained and discussed for adult p. LatisuLcatus.

Total Mortality

As described for juveniles, catch rates were used as indices of

abundance of adult P. LaiisuLcatus over time. The reduction in mean

catch rate of the fleet (in numbers per minute trawled) was used to

estimate mortality. There were thought Èo be two main problems in

using this method - firstly the variation in "fishing power" beÈween

individual fishíng units and secondly the variation in vulnerability

of the stock over the year; each of these factors is díscussed in

the following pages, using the 1975 data for Spencer Gulf as an

example.

The "power" of a particular fishing unit ís defined as the catch

Èhat it can take from a given density of fish per unit fishing time

(Gul1and I969). Factors contributing to a vesselrs fishing power in

the prawn fishery are discussed in Appendix 4. The importance of

taking into account fishing por^rers of vessels can be illustrated as

follows. rf , for some reason, tLre more efficient vessels (i.e. those

a
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vrith a high fishing power) tend to fish early in the year and the

less efficicnt vcsscls tend to fish later in the year, the mortality

rate value obtained from calculating the reduction in catch rates

over the year will be Ëoo high. In the Spencer Gulf fishery it

was not suspected that there \¡/ere any major differences between the

fishíng patterns of vessels wíth 1ow and hígh fishing power values.

However, it was decided to use the data ror 1975 to examine whether

pohrer factors should be taken ínto account in the calculation of

mortality rates.

The catch data for 1975 were refined by taking into account the

dif ferences bet\,üeen the f ishing pov/er of the various vessels. A

convenient rnethod of doing this is to compare the catches of a

particular skipper and his vessel with that of the average catch of

the fleet as a whole. This rnethod has been used by Lucas (1974) bV

averaging the catches over one month, which may in fact be too short

a tíme period to allow for fluctuations due to other factors, e.g. a

particular skipper may takettime offt to trawl in an unproved area

with 1ow stock density.

In this study the landing statistícs of the total Spencer Gulf

fleet of 39 vessels were used from a three month period (January 1975

to March 1975 inclusíve - Table 10-l). From the daily logs the daily

catch rates (Ci) r¿ere calculated for each indivídual vessel by:

.t=Hi (2)

where trrIí = weight of catch and Ei = effort in hours trawled. For the

test period of 3 months the average catch rate for the individual

vessel Ís given by:

(3)=. ãWiur- = --=;
.' EI

For the whole fleet the average eateh rate was calculated by:
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(4)

Comparison of the figure for an individual vessel with the average

catch rate for the fleet gives the vessels power factor thus:

p+=Ci,- _ cF (5)

The vessels power factor varied from 0 .4 to 1.7 compared to the

average of 1.0 (Table 10.1).

Usíng the power facÈors the standardized monthly effort for

indivídual vessel was calculated as:

.39t-
C, =f ãCi

J) a=l

each

Eitrr-s = Pi (6)

and a standardized monthly catch rate for each vessel by:

ãl4ri
"'o -zEis (7)

From the slandardized catch rates for individual vessels the

total monthly catch per standardized effort was calculated for the

Spencer Gulf fishery in Table IO-2. In this table the growth curve

ín Section II-6 (table 6-7) was used to convert catch rates in

weight to numbers of individuals caughE per standardized effort.

Figure I0-l shows how these catch rates vary for 1975 in Spencer Gulf.
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TÀBLE 1O-1 Vessel Por,{er factors obtained from catch statistics of
Spenc-er GuIf fleet fxon I/I/75 Eo 3l/3/'Ì5-

Vessel
No.

catch
(ks)

Effort
(hrs)

Catch rate
(kg,/hour) Por'rer factor

I

2

3

+
5

¡t

7
I
ô

to

ll
t2

l3

l+
r5

tG

11

t8
r9

20
zl
22

23

2+
25
2ß

L'7

28
29

30
3r
32
33

&4

35
æ
37
38
39

1.3 354

4 534

36 175

30 028

16 971

a3 663

1 3r5

19 491

I 251

12 020

2A r49

25 578

34 304

13 821

5 001

13 613

3 273

6 053

25 t65
33 481

31 493

L6 284

27 0L4

27 612

22 532

10 076

L4 622

,1 140

15 195

32 2LA

10 478

2t 669

14 145

12 230

33 420

18 383

29 645

2t f26
17 037

173

2J_A

511

528

173

256

26

273

1s3

30r

4L7

350

427

274

76

289

77

t47

381

950
438

304

389

418

¿Ltl-

2t9
222

24

347

432

319

356

279

232

515

309

483

4r9

232

77.2

20-8

70.8

56.9

98.1-

53.4

50.6

7t-4
54. O

39.9

67 -5
73.1

80.3

49-7

65.8

47.1

42-5

4t-2
66.1

60.9

7r.9
53.6

69.4

66.L

54.8

46.O

65.9

47.5

43.8

74.6

32.9

60.9

50.7

52.7

64.9

59.5

6t.4
50.4

73.4

1.3
.4

J,.2

.9
1.7

C¡

C¡

r.2
ô

.7

1.2
l-3
a.4

o

f.l
.8
.7

.7

1.1
1.1

I.2
.9

1.2
1.1

.9

.8
f.1

.8

.8

1.3
.6

1.1

.9

.9

1.1
i..0
1.1

o

1-3

2ê,;,= 2287'7 È" äê-- r,B'7)
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Figure 10-l: Mean standardised catch rate (nos. per minute of
trawling) in Spencer Gu1f.

As was the case ín juveniles (Sectíon I-7), the catch rates of

adult P. LatisuLcatus over a year are typically bÍrnodal - i.e. the

vulnerability of the stock is not constant over the year. In Section

II-5 it was shown that a recruitment peak occurred about February

1975; by March thís recruítment was virtually complete. Catch rates

reached a minimum during the perJ-od of lowest sea temperatures and

it was suggested ín Sectíon II-9 that the vulnerabilíty of

P. LatisuLcatus ís temperature dependent. To allow for this it was

decided to exclude the months with the lowest sea temperatures from

the calculations and compare catch rates from the post-recruitment

period (usually March) and the end of 'season' period (usua11y

November) ; duríng both of these periods, the sea temperatures v/ere

similar. Table l0-3 shows the mean catch rates (both actual and

standardised) for the 3 months associated with each of the two maxima
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TABLE LO-2: Actual and standardised catch rates (mean of all vessels)

frcrn Spencer Gulf, L975

IVIONTH ACTUAL CATCH RATE

(ks/hrl
STANDARDISED CATCH

RATE (kq/br)

January

February

March

April

May

June

July

August

September

October

November

Þecember

55. I

53.4

72.A

60.8

43 .8

33.3

27 .L

24.6

26.2

25.3

37 -2

29.5

52.4

52 .5

72.3

59. I

42.8

30.9

24.6

25-O

28.3

24.4

36. 0

28.O

TABIE 10-3 Mean catch rates (actual and standarclised) in
kg per hour and nr:¡nbers per minute for each of the 3 months
associated with the two annual maxima rn the Spencer Gulf
fishery, L975. Catch weights were converted to nr¡nbers of
indíviduals using the general growth data presented in
Section If-6. Values of the instantaneous total mortality
co-efficient (Zt are shown at right"

}.TRST MAXTMA

kg/hr nos/min In
SECOND ¡{AXÌMA

kq/hr noslmi n 1n

z
( per wk.)

Actual data
feb 53.4
mar 72.0
aor 60.8

feb 52.5
mar 72.3
aor 59.1

72.7 .

7r. d-
52. O

7r.4
71. B

50.6

4.29
4.27
3-95

oct
nov
dec

oct
nov
dec

25.3
11 a

29"5

24.4
36.0
28.0

11 .6
t,6 -6
L2.8

11.1
16.1
).2.r

2.45
2.8L
2 .55

.o476

2-41,
2.'78 .0485
I AA

Standardiscd
4.27
4.27
?q?



b

L2I.

in the catch statistics for I975. The mean catch rates were plotted

against time as in fig.7-3 (p.4o). The slope of rhe re=gression

line fitted by the least squares method was used to estimate the

total mortal_íty.

As shown in Table 10-3 there is very líttle difference between

nortality estimates obtained using actual and standardised data

(Z = 0.O476 and 0.0485 per week, respecrively). As suspected, ir

appeared that there l^/ere no major differences in the fishing patterns

of both low power and high por¡rer fishing units, i.e. whenever the

weather was suitable, virtually all vessels were fishing. Accord-

íngly it was decided to use actual data for the calculation of total

mortality rates.

Using catch statistics obtained since the beginning of the fishery

ín 1968, Table l0-4 r¿as prepared in the same manner as Table i0-3.

Table 10-4 shows that values of total mortality Z over the period 1969

to 1976 varied between 0.0216 and 0.0507.

Fishing Morrality (F)

An examination of the catch statistics for Spencer Gulf (Appendix

2) shows thaÈ the amounË of fishing effort has dramatically increased

over the years. As shown in the previous section this has resulted in

a general increase in total mortality (Table l0-4). rncrease in the

efficiency of the fishing fleet is believed to have pl ayed only a

mini-rna1 part ín this increase (Section 1I-l and Appendix 4).

Fishing mortalíty is directly related to the fishing effort, i.e.:

F=qf (8)

where q is a constant and f represents fishing effort. substituting

equation (8) in equation (l):

7=qf+M (e)
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TABLE 10-4: Mean catch rates in kg per hour and numbers per
minute for each of the 3 months associated with the two annual
maxima in the Spencer Gulf fishery. Catchweights were converted
to nrunbers of individuals using the general growth data presented
in Section II-6. Values of the instantaneous total mortality
coefficient (Z) are shown at right.

FIRST MAXTMA

kg/hr nos/min In

SECOND MAXIMA

kg/hr nos/min ln -1YEAR Z(wk

1969 mar
aPr
may

40.4
60.2
57 .3

40.r
5r. 5

38. 3

3.69
3.94
3.65

oct
nov
dec

37 .9
4I.2
36.4

I7 .3
L8.4
L5.7

, aq.

2.91 0.0316
2 "76

1970 mar
apr
may

89.7
90.0
59. 3

89.1
77 .O
39.7

4.49
4.34
3 .68

nov
dec
jan

36. I
40.2
38 .7

16.1
I7 .4
16. 0

2.78
2.86 0.0216
2.71

I97I feb
mar
apr

7 0.3
86.8
61 .8

oct
nov
dec

38.8
57.O
5r. 9

I7 .'7
25.5
22.4

95
86
52

7

2

9

4_56
4.46
3.96

2.87
3.24
3 .1r

0. 0385

I972 feb
mar
apr

66
69
64 2

7

3

6

90.8
68 .8
55.3

4"51
4.23
4.Or

33 .8
44.2
1))

oct
nov
dec

14-4
19 .8
't't o

2 .14
2.98 0.0453

65

I9t 3 jan
feb
mar

48.6
86.2
80. 5

81.5
II7 .3
80.0

4.40
4 .16
4. 38

sep
oct
nov

49.8 23.2
25.8
24.2

3.I4
3.25
3.19

56 .4
54.2

0.0395

I97 4 feb
nar
apr

113, 3
165. 7

146. I

r54.2
]-64.6
125.0

5. 04
5 .1_0

4. 83

oct
nov
dec

58. 8
75.5
trtr )

26.8
33 .8
23.9

3.29
3.52 0.0507
3.17

I975 feb
mar
apr

53 .4
12.O
60.8

72.7
71. s
52.A

oct
nov
dec

25 -3
37 .2
29 -5

I1.6
16.6
L2.8

4.29
4.27

2.45
2.8I O.O476
, ?q3 .95

feb
mar
apr

4.35
4.28
3.91

oct
nov
dec

56 39.8
50.7

2.90
3.72 0.0372
2.9I

7

6
5 6

L976
72
58

77 .r
72.r
50.1 42

r8.2
11 l¿4, '

I8. 4

cY/



:

t23.

This equation is of a linear form where q is the slope and M

the íntercept on the y-axis. Figure I0-2 shows Ëhe pl_ot of Z

agaí.nst total annual effort in which the line of best fit (by least

squares) has the slope q = 0.450 x 10-6 and intercept M = 0.0276

the correlation coeffícíent l^ras 0.523.

Using equatíon (8) the values for fishing mortalíty (F) for

each year ü/ere as follows:

1969

r970

t97 |
r972

r97 3

r97 4

197 5

r976

0.0056

0.0069

0.0080

0.0098

0. 0113

0 . 0129

0 .or7 4

0.0t92

c Natural mortality (M)

In the previous subsection (b) a val-ue of natural mortality,

(M = 0.0276 per week) r¿as obtained from the intercept on the y-axis

in Figure 10-2. This value represents an average value for natural

mortality over the Èíme span of the fishery.

In subsection (a), the Spencer Gulf commercial físhery landing

data were used to calculate total mortality. A sma1l area of the

north of thÍs Gulf is permanently closed to trawling. Fishing in

this area r{as restrícted to a 2 níght survey on a coûìmercial vessel

once every month; there have been, at times, reports of trawlers

poaching r¡íthin the closed area but this has been regarded as minimal.

Catch data from this area were used to check the value obtained above

for natural mortality.

In an unexploited population the total mortality coefficient

Z approxímatel.y equals natural mortality M. That is, from Section

I-7, equation (4) becomes:
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Ir(rz - r, ) = r" *. (ro¡
T\1

where N¡ and N, are the numbers of individuals a1ive at times t.

and t2 respectively. However it was shown in Sectíon II-9 that

pravrns migrate southward out of the closed area; allowing for the

loss due to emigration (E) equation (10) becones:

(M + E) (r¿ tt) . Nz=tt\ (1r)

In tagging experiments carried out in the closed area to the

north of Spencer Gulf, 3 640 tagged prar^rns were released at Eastern

Shoal on lO January 1973. By October 1973, 44 pravms had been

recapÈured (ignoring recaptures made at the time of tagging). Of

these 44, 13 were subsequently found in the same area and 3l had

migrated souËh and were recovered at various fishing grounds. The

total effort (days traruled) at these fishing grounds in the period

from January to May was 19 boat days. At Eastern Shoal in the

closed area efforÈ over the equivalent period was only 4 boat days -

í.e. research surveys only. The rate of tag returns were, therefore,

adjusted as shown in Table f0-5.

TABLE TO-5

Estimation of ernigration from the closed area 1n the north of
Spencer Gulf from a release of 3 640 tagged pra\¡/ns in January 1973

In closed
a rea

South of
closed area

No. recaptured

Approx. effort (days)

Tags per boat day

t3

4

3.25

3I

r9

1.63

Percentage 66.6 33.4
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Table 10-5 indicates that 33.4% of the tagged population had

moved south out of the closed area in a four month period. This is

equivalent to antrinsEantaneous" loss of about 0.025 per week, i.e.

E ín equation (11) is equal to 0.025 per week.

Catch rates at one station (Eastern Shoal) ín the closed area

r^)e{e ec,\c-,\o\e\. and regression lines through Ehese data are

shown in Figure 10-3; periods of low vulnerability have been excluded

from the calculat.íon. The slope of the lines represents the values

of M * E in equation (11) - these were 0.063 per week (L914) and

0.047 per week (1975).

Assuming that loss due to emigraÈion from the area is similar

during each year - i.e. [ = 0.025 per week, values of natural

mortality were 0.038 and 0.022 per week for I974 and 1975 respectively.

These values suggest that tl're estimate of M = 0.028 per week obtained

previously is a reasonable one.

In summary, levels of físhing mortality in Spencer Gulf have

ranged from 0.007 in 1969 to 0.0f9 per week in 1976. By extrapolation

the present level of físhíng mortality is likely to be 0.022 per week.

The average value for natural mortaliÈy was estimated Èo be 0.028

per week. These estimates of mortality have been used wíth growth

data (Section II-6) to calculate yíeld from the fishery in Section

rr-11.

(2) Predators/Intraspecific associations:

Operatíng from commercial trawlers, field notes rvere kept on

species encountered in the tra¡¡l nets. Table l0-7 shows associated

species caught ín trawling operations in Spencer Gulf, Investigator

Strait and Gulf St. Vincent. An indication of general relative

abundance is given (common, occasional or rare) but it is stressed

that abundance may vary with area trawled - e.g. the most abundant

crab encountered in the trawl nets in Investigator Strait is
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7UaLípes austr.aLiens'Ls, while in the upper Gulf s , Por.tunus pelagieus

is dominant. Some species (e.g. Trevally Usacanan:r georgianus)

rr¡ere so regularly associated vüith P. LatisuLcatu"s Ehat the specÍes

could be used as an indicator of the presence of prawns.

Gut contents of most of the associated species in Table l0-7

r^/ere examined; from these results, and under\n/ater observatiOnS, the

specíes indícated by an asterisk were determined to be predators of

P. LatisuLcatus. OÈher predators may be pelagic and fast moving

therefore less likely to be caught by otter trawling. Racek (1959)

has noted that a stranded dolphin (cetacea) was found in New South

Inlales wíth its stomach entírely f il1ed with large penaeid pravms.

1974

t975
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o
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LÊ
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2
I

o
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FIGURE I0-3: Numbers of adult Penaeus latisulcatus caught
per minute (expressed as natural logarithms)
during surveys at Eastern Shoal in Northern
Spencer Gulf. The regression line was calculated'
by least, squares, through alI points excluding
months when sea temperatures were lowest (June to
September inclusive).
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TABLE l0-7:Species caught þr prawn trawling in Spencer GuIf, Investigator
Strait and Gulf St. Vincent. Relatir¡e ah:ndance i¡ the trawl
nets is indicated þ C (ccnrnon), O (occasional) and R (rare).
Species marked with an asterisk are knc¡¡n, frcn underwater
obsenaLions and gnrt analysis, to be predators of adult
Penaats Latisulcatus.

Cqrmon ì.Iame Scientific Name Ahrndance

*Ornate Ängel Sha-rk
*Port Jackson Shark
Ccnrnon Saw Shark
Schcol Shark
Arnny Shark
Gulf i,ücb@ong

*Souttern Fiddter
Eagle Ray

*Shovelr¡cse Ray
*Srxcothr Stingray
lür¡nbfish

TELEOSTS

ORDER CLUPEIFOFMES (herring-Iike fish)

Souttrern Anchoq¿
Blue Sprat
Beaked Salncn

ETÄSMOBRANG{S

Pipefish
Ccrnnon Seadragon
Leãfy Seadragon

Barracouta
*Sand Flathead
Dusky Flathead
Tassel-snouted Flatlread
Red Gurnard

Squati.na tergoc ellata
He tero dontu s pontus i acksoni
Pri stiop?øtus eív,v,atu s
Galeorhinus austraLis
MusteLus antav,cticus
)reetolobus oz,nntus VnLei
Try g ononhína fa sciata guaneri.us
Myliobatis austr.alis
Ap ty c ho tt, ema u i.n.e en t iana
Dasya tis breuíc:o.urlata
Hy pno s monop ter¡.1 g i.um

Enqnaulis australi s anti.podwn
SpíateLlo ide s robu stus
GonorhyneLus greyi

Syngnathus sp.
Phg Lloptenyæ taenioLatus taenic.'latu s
P'hycodurus eques ec7tes

Leionw.a atun
PLaty cephaLus ht s :.ensi.s tn ssen si s
Platycephalus fuseus
Thg sanop hrz,¡ s eirr crø. t:u s

Che.Lidonic ht'hy s kunu

o
C
R

C

o
o
c
o
c
c
R

o
o
C

ORDER BELONIFOFMES (garfishes)

Soutlr Australian Garfish Hemi.r,anphus meLanoch.ir

ORDER PLEURONECIIFOFIiîES (flounders and soles)

*Greenback Flor¡nder Rhombosolea tapírina
*snall Toothred Flounder Pseudohambus jenyn.sii

ORDER SYNGNAITIIFOFMES (pipefishes and seaL¡crses)

o

o
C

tl

o
R

ORDER PEGASfFOF¡îPS (dragon-fishes)

Sea Moth AcantLnp e.gasLts Lanc ifer

ORDER I{UGILIFOF!4ES (mullets, hardyheads etc. )

Snook Aus tra Luz za noua eln Llanciiae

ORDER PERCIFOFMES (perch-like fishes)

o

o

^

o
R



Gurnard perch
Gr¡lf Gunard Perch
Little Scrcrpion Fish
Souttr Ar,stralian Cobbler
Cobli¡r Fish
Cqrmon Stinkfish
Spotted Sti¡l<fish
Ling
Horse Maclcerel
Trevally
Yellcn¡,¡tai I Kingf ish
Red Mullet
Silver Whiting
Spotted !ùhiting
Sl-ender Bullseye
Soutlrern Cardinat Fish

*lrîuIlovay
Silverbelly (Iowfin)

*Snapper
Coral Fish
Blue ltÍor:rarong
Tonny Rough
Striped Perch

* Iong Srputed Boarfish
$Iaqr Èubfish
Stargazer
Congolli

CRUSTAGANS

*Blue S¿i¡rrer Crab
Sand Crab

fiorten Bay Bug (Squagga)
Strawber.ry Pravr¡rr
Mantis Shrimp

r30

Neosebastes pandus
Neosebastes panticus
N eosebaste s scabrieep s
Gymnap i s te s ma r¡no ratu s
Glyptauchen pandtLt atus denuptus
CaLLi onymus e alaurop otnws
Callionymus eaLcaratus
Genyptez.us bLacodes
TracLu,æus decli.uis
Usacaraytn georgianus
Seriola grandis
Upeneichthys ponosus
SiLLago fu.ssensis
SilLaginode s punctatus
Parapr.iac anthus e Long atu s
V inc ent i,tz.na n ou a e Ln L Lan dia e
Sciaenn antay,cti.ca antaretiea
P az,e quul a m e L bow,n en s i s
CLaysopLmys unicoLor
Chelmonops truneatus
Nenadae tg Lus ualenei enne si
Anripis geoz,gia.nus
HeLotes serLineatus
Pentae enop sis ueeuruino stt is
Parapereis Lnaakei
Kathetostoma Laeue
P seudaphwitis utrui.LLi

Portunus pelagi,cus
)ualipe s aus tra Li,ensí. s
fbaeus ineisus
Me tct¡, enaeop si s cra s',si síma
Squ'LLLa miLes

o
R
o
o
R

o
c
o
o
c
o
c
o
o
C
o
R
o
o
R
R
o
o
o
o
o
o

ORDER I¡PHIIFOIô{ES (angler fishes)

Tasselled Angler Fish Rhycherus filønentosus
Glauerts Angler Fish EcVñnophtgne glauerti

ORDER IÄBRIFOFÎ{ES (parrot fishes etc. )

lnleedy Wtr-iting HaLetta sernifa.saí.ata

ORDER TETRAODOb{TIIOFIiÍES (leatherjackets, toadfishes etc. )

Chirnman LeatLrerjacket Nauorl.on. aunaucl
Deep Bodied Leatherjacket Weetutta oualis
Rcn:gh r.eattrerjacket scobinichthys granuLetus gnanulatus
Spiny Tailed Iæatherja cket Acanthn Lutet,e s brou¡nii
Tbothbnrsh Leatherjacket Acanthaluteres guntheri
Velvet leatherjacket Nauodon australis
Bri{led r.eatherjacket Acanthnluteres spiT.omeLanurlus
Banded Troadfish Torquigener pleurogrØnma
Snooth Toadfish Splneroides gl.aber
Porcupine Fish ALLomycterus píLatus
Globe Fish Atopomyctey,us nicth.eme¡.us
Ornate Co.¡fish Aracana ornota
Shawrs Ccn'¡fish Aracana aurita

o
R

o

o
o
R

o
R
c
o
o
o
C

C

C

o

c
L
o
c
o



MOLTUSCS

Cuttlefish
Goulds Sqrdd
Etìridgers Squid
Southern Calamary Squid
Queen Scallop
Kirg Scallop

t3u. b.

Sepia apdna
Nototodarus gouLdi
Lo Lí. go e ther'í.dg e.i.

Sepioteuthis austraLis
EquíehLøngs bifrons
NotouoLa aLfu

o
o
o
c
c
o

In addition to tle abcn¡e species, a variety of gnall crustaceans, molluscs,
wofrns, sponges, brlozoans, nedusa and algae are caught in usually' sna1l
quantities.

carnron n¿¡rnes and ta<oncrny of fishes a're as given þr scott' Glcn¡er and
Southoott (L974).

'ì
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I1. YIELD

The estimates of growth and mortaliÈy obtained in previous

secEions are of scíentific importance in adding to the knowledge of

the life cycle of Penaeus LatisuLcatus. However, they are of less

direct importance ín the management of the fÍshery on this species.

More important, ín thís respect, is the total maximum yield or catch

weight (bíornass) Èhat may be Èaken under varying levels of fishing

effort and slze of first capture.

Estimates of growth (Section II) indicated thaÈ immediately after

the period of maxímum recruitment in Spencer Gulf (about January)

small pral^/ns grew rapidly (2-3 nm carapac-e length per month) . Growth

rates over the winter months were low but increased in the spring-

Total mortality at present físhíng levels \¡/as estimated to be 0.052

per week (Section II-10). Thus the biomass of the populatíon is both

increasing rapidly through individual growth and decreasing through

the reduction ín numbers of índividuals.

Having obtained values re,presenting growEh (K and Læ) and

mortality (F and M), these parameters may be combined in a yield

equatlon. One such equation is that given by Gulland (1969) as:

vr= F rr-L.1ËÉ^ F+M t' L-' ñ:o

Untt - þ" (r)
I ++(t - #r

where Y/ = yield per recruit

L. = size at first capture

Uo = l; U, = -3; U" = 3; U3 = -1 ,

other parameters have been defined previously.

The use of this equation, however, assumes that growth conforms

to the von Bertalannfy model - i.e. that the parameters K and L-

adequately describe growth over the period under consideration. It

has been suggested in Section II-6 that this may not be so as groTrlth
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raÈes appear to be depressed duríng the winter months. Accordingly

it was decided to estimate yield by two methods: firstly by usíng

equation (1) and substituting varíous values for L.; secondly by

disregardíng the von Bertalannfy growth parameters and calculating

yield from the general growth curve presented in Section II-6. For

the sake of comparison the same value for mortality (M = O.O3 per

week) was used. Size at first capture was taken to be 26.5 mm

carapace length.

Fi-gure 11-1 shows yield curves calculated by both of the methods

descríbed above. Both curves have maxima (indicated by arrows) at

different values of fishi-ng mortali-ty F. Each curve, however, is

flat for values of F greater than about 0.05 per week, indicated that

for above this value there would be little change in yield for large

increases in fishing effort. Both curves indicate that if fishing

mortality was doubled, yield in biomass would increase by approximately

267..

Figure 11-2 shows the yield per recruit calculated using the

von Bertalannfy growth parameters for various values of sLze of fírst

eapture L.. Using the obtained curve yield is maximísed at a

carapace length of 21.6 mm (sexes combinecl). This represents a size

stíghtly below the modal size (23 mrn) at whÍch juveníle P. LatisuLcatus

leave the nursery areas. Accordingly there is likely to be little

benefit in yield from the fishery by reducing net mesh sizes and

catching smaller pravJrts.
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APPENÐIX 7 z Morphometric data for adult Eg'nqe!-E" I ati sulcatus

TABÍ,E 1 MORPHO¡{ETRIC DATA ¡1ÍAI,E ÀDT'LÎS

CARAPACE

I,,EI.¡G1H
(m)

TÛTAI,
I.ENGITI
(¡¡t¡)

!üIOI,E
WEIGHT
(g)

NOSr/LB
(wrroLE)

Nos/KG
(vßor,E)

TAIL
rÛEIGIIT
(s)

NOS,/LB
(TArr,s)

NOS,/KG
(TÀII.S )

20

2L

22

23

24

25

26

27

28

29

30

31

12

33

34

35

36

37

3S

39

40

4l
42

43

44

45

86.22

90.08

93.95

97.82

101.68

10s.55

LOg.42

113.28

tr7. 15

L2L.02

124.88

L28.75

L32.62

136.48

I40.35

L44.22

148.08

151.95

L55,82

159.68

163,55

L67.42

L7L,28

175. 15

L79.02

182. 88

4.40

5.08

5.82

6.64

7.52

8.48

9.51

10.62

11.82

13.10

L4.47

15. 93

L7.49

19.14

20.89.

22.75

24.7L

26.78

24.95

31.25

33.66

36.19

38.84

4r.61
44.52

47 .55

ro3

89

78

68

60

54

48

43

38

35

3l
2A

26

24

22

20

l8
L7

16

15

13

I3
L2

1t
IO

10

221

L97

L72

151

133

118

105

94

85

76

69

63

57

52

4A

44

40

37

35

32

30

2A

26

24

22

2L

169

L47

L29

114

101

90

80

72

65

58

53

48

44

10

37

34

31

29

27

25

23

2L

20

I9
L7

I6

372

324

284

250

222

r97

L76

158

L42

129

LL7

106

97

88

8I
75

69

63

59

54

5I
47

44

4L

38

36

2.69

3.09

3.52

4. 00

4.51

5.O7

5.68

6. 33

7.03

7.74

8.58

9.43

10.34

11.3r
L2.33

L3.42

14.56

L5.77

L7.04

18.39

L9.79

2L.27

22.82

24.45

26.L4

27.92
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ÎÀBLE 2 MORPHOI'IETRIC ÐATA FEMÀLE ADULTS

CÀRAPÀCE

T.ENGfH
(un)

TOTÀI,
I;ENGlH
(¡nn)

WHOLE

WEIGHT
(s)

NOS,/LB
(!{HOLE)

NOS,/KG
(wHoLE)

TAIL
WEIGHT
(s)

NOS,/LB
(TArLs)

NOS,/KG
(TAII,S)

20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4I
42
43
44
45
46
41
¿8
49
50
51
52
53
54
55
56
57
58
59
60

86.81
90.36
93.91

4.35
5.00
5.72
6. 5r
7. 36
8.28
9.2'1

104
91
79
70
62
55
49
44
40
36
32
29
27
25
23
2T
19
l8
16
l5
T4
13
12
1l
11
10

9
9
I
I
7

7

7
6
6
6
5
5
5

5
4

230
200
L75
L54
136
L2]-
108

97
87
79
7L
65
59
54
50
46
42
39
36
33
31
29
27
25
24
22
2L
20
18
L7
16
I5
15
L4
13
L2
L2
1l
1l
10
l0

L52
r36
L2T
109

98
88
80
72
66
60
55
50
46
42
39
36
33
31
29
27
25
23
22
20
I9
18
L7
l6
15
L4
13
L2
L2
tl
II
10
10

9

9
I
I

335
299
267
239
2L5
L94
L75
159
L44
L32
L20
110
101

93
85
79
73

2.94
3.35
3.74
4. 18
4.65
5.16
5.70
6.29
6 .93
7.60
8.33
9.09
9.91

10.78
I1. 70
L2.67
1.3.69
L4.77
15 .91
17.10
18.35
19.66
2L.04
22.44
23.98
25.55
27.L9
24.49
30.66
32. 5l
34.43

97.45
I0Ì.00
IO4.55
108.10
r11.64
1r5. l9
118.74
L22.24
125 - 83
129.38
L32.92
L36.47
L40.02
L43.57
147.11
150.66
t54.2L
L57.75
161. 30
164.88
168.39
L7L.94
t75.49

r0.34
11. 48
L2.70
14.01
15.40
16. 88
18.45
20. 11
2L.8'l
23.72
25.67
27 -73
29.89
32.L6
34.53
37.02
39.63
42.35
45.19
48. 15
51. 23
54.44
57.78
6L.25
64. 86
68.60
72.48
76.50

L79.04
182.58
186. 13
189.68
L93.22
L96.77
200.32
203.86
207.4L
210.96
214.51
218.05
22L.60
225.L5
228.69

80.66
84.97
89. 43
94. 03
98.79

1o3.70

36.42
38. 49
40-63
42.85
45. 15
47.53
49.99
52.54
55.17
57.88

68
63
58
54
51
4A
44
42
39
37
35
33
31
29
27
26
25
23
22
2L
20
t9
l8
T7
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Catch statistics
Australi a. Data
log sheets only

for Penaeus latisulcatus in South
from 1968 to 1973 uere from dailY

(estimated catch).

I{EST COÀST SPENCER GULF ST. VINCE¡E GULF
üo¡mH

cÀTcH EFEORT C/E E c/E CATCH EFFORT c/E

1968
January
February
l,!,4!ch
þrit
¡¡lay
June
.IuIy
Àugust
Septenber
October
Novenber
December

o
o
0
0

lo34
445
l8l
6I

670
72]-
424

41LO

34. 5

8.I
36.2
15. 3

I7.2
40.1
2L.2
41.8

5151
7041

20365
9725

388r4
51955
3t 347
24L90
4767L
429LO
67165
37 294

t26
189
256

89
368
883
703
536
786

1017
l0ll
83t

40.9
37.5
79.6

109.3
105.5
58.8
44.6
45.1
60.7
42,2
66.4
44.9

8.3
2t.3
16.0
2l.o
Lt.2
14.9
12. 5

0
0
0
0

30
55

5

4
39
18
20
86

0
0
ñ

0
58

980
957
483
624

l4 59
L0l5

0
U

0
0
7

46
60
23
56
98
81

TOTAI, 7646 257 29,A 383678 6795 56.5 5 580 37L 15. O

1969
,January
February
l,l,a!ch
þri1
¡,lay
June
JuIy
Àugust
SepÈember
October
Nove¡nber
December

24I4
452

0
0
0
0

672
r7 140
18sl 1
r4665
27 300
18060

3 2135
19818
20623
72200
65 380
46712
42096
31890
37r47
52r54
60866
36299

753
522
5r1

1 199
TL42
I 302
1458

859
810

1317
L4'79
997

42.
38.
40,
60.
57.
35.
56.

2280
19 I5
I800
1301
t40I
7127
352L
3530
7713
7563
l8r7
5456

49
49
5l
36
35
73

L26
15r.
206
185

't2

IA2

46.5
39.1
35.3
36. r
40.0
42.4
21.9
23.4
37.7
40.9
25.2
30. o

58
32
o'0
0
0

41
408
455
468
752
586

4t.6
14. t

7

0
4

2

3

9

3

I
9

9

2

4

l6
42
40
31
36
30

4
0
7

3

3

I

37
45
37
4L
36

ÎCITA¡ 99214 2800 35.0 557320 L2409 44.9 41484 ].2l5 34- r

L970
January
February
f,larch
April
¡ray
June
July
Àugust
Septejnber
October
Nove¡nbe!
Decenber

25423
12005
t4801
22449
34276
20367
28762
14574
176 30
16s75
t5994
I37I6

799
605
634
766

1263
760
994
6lr
878
990
860
827

32.3
19. 8
23 .4
29.4
27.r
)a)

28.9
23.9
20. L

L6.7
18.6
16. 6

50I01
65894

r5 3 270
I 7r 158
109664

8t t59
44637
L4260
17750
34269
507 03
2264L

1107
r546
1708
190t
1848
I 363
L552

577
669

1 t04
I404

563

8l9s
8977

10084
12540
2250L
92I7
1038

764
2l l3
84 06

12835
927 3

222
242
271
293
405
160
6I
46

t35
all

362
305

45
42
89
90
59
59
28
24
26
3l
36
40

9
I
2

I
6

6

0

6
1

o
5

3

6
7

0
3

5

I
7

5

0
I
2

36.
31.
37.
42.
55.
57.
11 .

16.
15.
31.
35.
3û.

TOTAL 237372 9987 23.8 815506 15342 53.2 105943 28L3 31 .'ì
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I{EST COAST SPENCER GULF ST. VINCENT GULF

CÀÎCH EFFOFÎ EFFORÎ C/E CATCH RT c/E

197r
January
February
March
Àpril
I{åy
June
JuIy
Àugrust
September
October
Novenber
December

697I
L2526

2 136
723

0

2L734
67346
29815
19690
18194
4s431
L2936

374
653
r3t

27
0

523
t776
lo67

797
753

1682
562

35060
69L47

t37 r88
19085 t
198077

939 30
24049
178r6
23537
28293
58085
604r8

18.
19.
16.

=":
41.
37.
27.
24.
24.
27.
23.

9
I
7
I
4
o
1

6
5

5

4
3

6
2

3

I

6
9
9
7
2

o
o

90'Ì
944

r 580
3087
3745
2242

870
581
730
730

1.020
It65

L2755
1435I
L6227
20Ì 28
2015 3

9070
9342
5442
9407

T694L
L2T54
L6457

400
499
585
676
709
324
388
243
418
52L
443
544

31.
28-
27.
29.
24.
24.
24.
22.
22.
32.
27.
30.

6
3

I
I
9
2
7

7

I
o
9

27.
70.
86.
6t,
52.
4r.
27.
30.
32.
38.
s7.
5r,

TO|tÀf, 237502 8345 28.5 936491 17681 53.0 L62467 5750 28.3

I972
January
February
I'l,arch
ÀpriI
l,!ay
June
JuIy
Àugust
September
October
Nove¡¡ber
December

22935
626L

0

5r8
22357
3015 I
23452
34596
27436
18657
6586

20790

92895
15 3 362
I 34646
19767L
I3 3 355

76900
25403
207AO
14585
39622

r 38 308
44752

11 31
342

0

22
8t7

109 r
7A9

1490
14r8

845
2t5
747

195 3

2 300
194 3
3062
3027
L973
605
569
559

LT12
313 1

l5 13

20760
24370
L7207
I8850
3 0408
29379

2676
595 0

14511
20427
4L663
L7544

598
462
7L3
688

101 7
945
Irl
301
689
655
947
653

47.6
66.7
69. 3

64.6
44. t
39.0
42.O
36. 5
26. L
33.8
44 .2
32 .2

20.3
r8.3

23.6
27 .4
27.7
29.7
23. 2

19.6
22.L
30.6
27.A

34
28
2t
27
29
31
24
I9
2L
3I
44
26

7

3

I
4
9
I
t
I
1
o

0
9

TOTAI. 2L414A 8907 24.0 LO76279 2L807 49.4 244t45 8179 29-9

1973
Janua!y
February
l,tarch
Aprit
ìtåy
Ju¡e
JuIy
August
September
October
Nove¡rber
Decsnber

93393
22927'l
222547
180366
L6'1O72

63362
3760'7
666 58
72372

L46094
r49368

57230

t3261
22237
L9285
22194
24823
244L8
L272L
15254
12270
37533
44754
2'Ì 354

3323
5957
t425

s1876
48365
44132
26909
16s36
29977
29649
31738

0
154
205

92
I3 38
1262
1703
1054
539
929
843

1057

1920
2659
2766
2566
2 910
L494
ro34
I6t6
L454
25A9
2758
L379

21.5
29.r
l5. s
38. I
38. 3

25,9
25. 5

25 .9
32.3
35.2
30. o

6
a

5

3

4
4

4
2

2

4
1

5

48.
86.
80.
70.
57.
42.
36.
4r.
49.
56.
54.
41.

540
858
708
607
806
704
499
606
396
798
799
7L6

24.6
25.9
27 .2
36.6
30.8
34.7
25.5
)< )

3I.0
47.O
56. 0
38.2

lC'IÀI. 289887 9276 31.3 1485346 25L45 59. I 276L04 8037 34.4



!{EST COAST SPENCER GULF ST. VTNCENT GULF

CATCH EFFORT C/E CATCH EFFORT C/E CATCH EFFORÎ C/E
krr

L974
January
February
Nlarch
ApriI
May
June
JuIy
August
September
October
November
December

TOTALS

204L5
l_5206

2725
2r443

9245
I3582
20632
21805
135 89

6106
LT296
L8952

101893
306350
4792A6
410601
323462
135686

43807
75042

I00828
156801
272782
It4l80

52.6
113.3
l-65.7
146. I
86.3
50. 9
48. 0
66. I
68. 6
58.8
75.5
55. 3

L477 3
19033
39606
43957
5L224
35706
16785
t3 360
15350
29734
477L5
42288

483
2AO
244
258
L92
4tr
652
963
69t
302
352
438

54.3
9.6

83. 1
48. I
33. t
31.6
22.6
19.7
20.2
32-L
43. 3

1938
2704
2892
2810
3753
2665
9L2

1I36
L470
2669
36tr
2065

438
530
945
945

1103
774
319
340
405
767
805
6r1

33.7
35. 9
4L-9
46.5
46-4
46.r
52.6
39. 3

37.9
38. I
59. 3

69.2

342
s
oì

77+996 5306 33 0 252LrL8 28625 88.7 369539 1982 46-3



WEST COÀST

CATCIT (KG) EFFORT (HR) CÆ

SPENGR GULF

CATCH (KC) EFFORT (HR) CÆ

GULF 8T. VINGI¡T

CÀTCH (KG) EFFORT (HR) CÆ

IN\IESTGÀTOR STRAIÎT

CATCH (KG) EFFoF:r (ltR)czE

I975
January
February
March
Apri I
I"lay
June
July
August
SÈp tdnber
Octöber
November
De cùÌbe r

TOTAI^5

19 76

January
February
March
A¡>ri I
uaY
June
JuIy
August
Sep tenber
October
NÒv('nbcr
[)(-: (f)nìbc'r

TO'I'AI-S

t9l5l
270L
25'19
4':96

195 37
38505
23635
1605 3

5834
6766

I 1009
6r69

577
tto
153
I91
570

L256
958
790
329
354
414
319

33.2
24-6
16-9
24. I
34. 3

30.7
24.7
20. 3

L7 .7
I9. I
23.2
19. 3

1914
2737
68r7
4965

l4r
116
24A
165

13.5
23.6
27.5
30.1

è
-¡

164 33 670 24.515653s 6081 25.7

69 30
46L'l
2925
55 82
6864
7063
37 85
2680

905
3l 36
2532
39 70

303
207
241
470
54I
541
308
234
r00
256
I34
221

164924
2 885 39
455739
28 39 85
206t79
10756 3

7 3303
76793
68938

fr3600
f7t2 00
rt9397

3585
5087
6276
485 3
4r90
2819
2437
21 86
2256
2855
3378
2AO4

32'l02
3r88L
69680
54649
5709 I
40969
29274
L63lr
19 021
45406
77114
362 9s

802
977

r475
11 44
T2I 3

939
932
653
597

1066
12 0r

7s9

40. I
32.6
4't .2
47.4
47 -I
43.6
31.4
25.0
31.9
42.(t
64.7
17 .A

591,9
a221

I4044
11943
1 8919
24390
13636

8973
5100
5686
a924

14735

202
2A4
402
384
396
558
365
439
246
3r7
335
365

22.
22-
12.
fl .
12.
12.
12.
1r.
9.

L2.
t8.
18.

9
3

L
9
'l
9
3

5

I
3

9
U

46. O

56.7
72.6
58.5
49.2
3A.2
30-1
35 .1
30. 6
39.8
50.7
42.6

29.
29.
34.
46.
47
43
37

3

0
9
7

I
7

4
4
I
9
6

20.
17.
l?,
26.
40.

509 89 3562 14.3 5tl-004 1l-758 43.5 146490 4333 33. 8

1736L03 3A612 45. O

L69058
252A7I
29 86 30
3]-4236
l7 3899

7953 I
45792
45770
6253L
69357

16 466 8
59753

3068
4734
4146
5i?t
3974
2388
t69 3

l858
2 383
27 3A
4431
2024

55- 1
53.4
72.O
60.8
43.8
33.3
27 _r
24.6
26.2
25.1
37.2
29.5

340606 10306 33.O

16123
24516
207 40
50480
2 3600
4t376

86 86
141 89
I 89lO
22994
68668
30324

613
776
6 8l-

L259
652

1Ll5
499
683
a97

!o24
1502

605

37
36 2

1

4
I
I

17.

22.5
45.7
50. I

20
2T

26.3
31. 6
30.5
40- r

2t30r64 42726 49.9

t Catch statistics frc¡n fnvestigator Strait include those of permit holders on]-y.
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APPENDIX 3: MESH SELECTIVITY

l'he action of tra\^rling gear is suctr that it can be assumed that prawns

of all sizes in the population are equally likely to enter the mouth

of the trawl net. However, all sizes of prawns are not equally likely

to be retained in the net as smal,ler individuals may be able to pass

through the open meshes of the netting.

The selectivity of trawls has been the subject of study for two basic

puryoses. Firstly, frqn a scientific viewpoint, it is necessary to

have information on what effect the sampling gear (trawls) is having

in biassing the sample towards the larger individuals in the populatjon.

Secondly, frqn a management viewpoint, mesh selectivity may be al¡le to

be used as a method of conserving small prawns.

Using minimun mesh sizes as a method of conserving small prawns has been

a matter of sqne controversy in penaeid fisheries. It has been argued

(J.4. Gul-Iand pers. conrn. ) that mesh regulations are ineffective for

the follov¿ing reasons -

(1) The distortion of the net under pressure of trawling tends to

close the meshes, thus preventing the escape of small prawns.

(2) If sma1l pra\^/ns do pass through the net they are too damaged

to survive.

However, in most prawn fisheries minimr¡n mesh sizes in the trawl nets

are imposed in tJ:e hope that small prawns will escape uninjured. This

conservation measure has been largely based on the practice followed

in scale fisheries Ì,rhere there is a great deal of data available

(Boerema 1956, Pope 1966, etc.). In South Australia the mesh size
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of nets at present is limited to a minimum of 4.5 sn* in the cod end'

and to 5.0 csr* in tÏ¡e wings (See fig.l'1 in sectionll-l).

During the course of tJ:is present study mesh selectivity experiments

were conducted for -

(a) juvenile prawns - in relation to the bean trawl used in the

nursery areas;

(b) adult pra$¡ns - in relation to otter trawl nets used by ccrnmercial

fishing vessels.

The method used involved attaching a cover of fine mesh netting over

the cod-ends of the main nets to retain the prawns which escape through

the cod end itself. The method is described by Pope (1966) '

a. Juvenile P. laLisulcatus

Cover net experiments for juvenile P. latisulcatus were conducted in

Barkers Inlet over the period when it was known that very small prawns

were present in the population. The net, beam trawl and towing vessel

are fully described in the section on methods -

The resuJts of an experiment on 13 ApriL l-976 are given in Table 3.1

The catches of 2 separate trawls were ccxnbined to give these data during

which the subsurface vtater temperature was 20.5oC and approximately

3* kg of ot|rer material (mainly seagrass, algae, small crustacea and

fish) h¡as caught in each trawl.

* with net stretched and measured frqn inside the two knots.
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TABLE 3 .1 Mesh selection data for juvenile Penaeus 7'ati.su7'eatus

caught by beam trawl in Barker Inlet, 13 April )'976'

Carapace
Length
(mm)

Nos. in
main
net

Nos. in
cover
net

Total Percentage
retained

0

o

0

0

0

4

19

2L

9

I

22

33

34

33

4\

42

23

29

18

4

2T

19

6

I

2

3

4

5

6

7

8

9

9

I

16

16

27

52

63

87

95

100

96

100

100

100

100

100

100

9

3

2

0

1

30

L7

25

39

42

22

29

t8

10

11

I2

13

14

15

T7

18

Totals

8

5

3

1

8

5

3

1

16

245 108 353

cA/
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No prawns less than 6 mm C.L. were retained in the main net and'

all juvenile prawns over 12 mn C.L. were vulnerable to the trawl.

Figure 3.f shows the seleclion curve for these data. A linear regression

Iine fitted through points between 10 and 90 per cent retained length

has been used to estimate t]¡e 50 per cent length as i.e. the size of prawn

at which half are retained and half escape -

For juvenile penaeus latisulcatus under the conditions described the

selection curve is steep (slope = 13) with a 50 per cent length of 7 mm

carapace length.

o o oo
o a

tQO

80

60

4o

o
I

I

o

â
UJ
z
a
t'-
l¡J
d
uj
o
Þ
z
IIJ
Ud
ulo

p

o

lo t5
CARAPACE LENGTH ltttrn)

zo 25

Mesh sel.ection data for juvenile Penaeus lat-isulcatus using
the beam trawl. The regression line (fitted by least squares)
through points between the range l0*to 90% has the formula
Y=19. Lx - 86.0

20

o
5o

FÍGURE 3-f:
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b. Aduft P. latisulcatus

One of the double rigged ccrnmercial vessels was found to have 2 ôifferent
one on.^cÞr of

sized nets, 
^ 

Èhe starboard and port alfns and the opportuniÈy was

taken to conduct mesh selectivity experiments. The cod end of the port

andand starboald nets of the trawler were originally purchased as 2"

I 3/4" respectively; tJ-e actual sizes are given in the following table.

Nqninal size* Measured mean síze (nnn)

Inches mm Inside
of knots

Centres
of knots+ ++

Cover net

Starboard net

Port net

\

te/+

2

L2.7

44.4

50. I

12.8

34.5

41.0

43.5

50.0

* Size given by manufacturer or supplier
+ Actual measured size (mean) of stretched

each knot.
++ Actual measured size (mean) of stretched

of each knot.

d,ry mesh frcrn inside of

dry mesh between centres

The experiment was conducted at Douglas Ba¡lk in Northern Spencer Gulf,

on 28 JanuarT 1976 when it was known that small, newly recruíted prar^¡ns

were in tlre area. The subsurface water temperature was 22"C.

TVo trawls were made with both nets, totalling 85 minutes trawling tirne.

Approximately 50 k9 of other material (mainty sponge, algae and smalf

fish) were caught in each net during each trawl. All prawns caught in

the cover nets were measured and samples representing approximately

J-/12th and 1/9th of the total catch were measured from the main nets

of 34.5 mm and 41.0 mm mesh size respectively.

Data frcrn the experiment are given in Table 3.2 and are inconclusive
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in showing significant differences betv¡een the 2 different size nets.

llhe catch frqn each main net r^¡ere compared in Table 3.3 (adapted frøn

the alternate-haul method - Pope , 1966). A fitted regression line

through these data provided arr estimate of 24.5 n¡n as tlre 50s"

carapace length (Îig. Z-Z) .

Although it was not possible to run adequate ex¡:eriments on mesh selection

without the use of a research vessel, inðications are that minimun

mesh sizes may be an effective means of conserving small prawns. Small

prawns in general passed through the mesh undamaged and survived well

when returned to seawater hold.ing tanks.

HorìIever, the effectiveness of having minimun mesh sizes in the cod ends

of nets may be negated or reduced by -

large quantities of 'trash' (e"9. sponge, 'coral' etc.) blocking the

meshes.

The fishermen deliberately setting the otter boards to stretch the

nets and so òistort mesh sizes. Unden¡¡ater films made during the

course of the study have shown that, in a properly set net, the

meshes remain virtually square while being towed.

I

2
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154

Mesh selection data for adult Pen.acu.s 7atí.sul.e/tf,11s caught
by corwnercial trawler, Douglas Bank, 28 Januarl L976 using
main nets of 34.5 mm mesh (A) and 4l-.0 mm mesh (B). The
main net sample represents approximately L/12ü1 and 1/9th
respectively of the total catch.

Carapace
Length
(mm)

Nos. in
main net
sample

Nos. in
cover
net

Nos. in
main net
sample

Nos. in
cover
net

A B

15

l6
I7
18

19

20

2I

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

4I
42

43

44

45

46

47

48

2

1

0

2

4

I
I2

19

34

46

55

66

64

20

L4

9

3

4

3

1

1

0

2

1

0

3

6

13

25

27

61

64

92

58

46

32

20

15

I
2

3

0

2

1

1

5

5

1l
23

31

32

38

34

2I
16

L4

I
7

6

4

6

4

1

0

1

0

0

I
0

o

0

1

I
4

I
19

L7

46

40

34

30

L7

11

I4
I
I
7

7

5

3

0

0

0

I
0

I
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TABLE 3.3 Mesh selection data for Penaeus Lrttisuleaúars applying
adaptíon of alternate haul experirnent. Data processed for

. frequencies greaÈer than 10 individuals (prawns less than
33 nun carapace length).

B/^Carapace
Iiengttt
(n¡n)

(A)
nos. in
34.5 mm

cod end

(B)
nos. l-n
41.0 mm

enddco

20

2I
22

23

24
-25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

4L

42

43

44

45

46

47

48

49

50

1

I
5

5

11

23

31

32

38

34

2I

16

I4
8

7

6

4

6

4

1

0

1

0

0

1

0

0

0

1

1

4

I
19

L7

46

40

34

30

I7
11

I4
I
I
7

7

5

3

0

0

0

I
0

1

0

0

0

0. 80

0. 73

0.83

o.55

r.44
1.05

1 .00

1.43

1.06

o.79

¿É,/
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Fig. 3-2: Mesh selection data for adult Pen.aeus Latisui.catlt-s lot a 4I.[ì mm fr'esh

cod end. The regression line (fitted by least squares) indicates
a 50* point of. 24.5 mm carapace length-
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APPENDIX +.

REI,ATIVE FISHING POVSER

As mentioned in Section II-1. effective effort in tl¡e prawn fishery

has increased dramatically over ttre years since the beginning of the

industryi reasons for this increase have been discussed. There ís,

at present, a tendency to seek larger vessels in the fleet a¡d to

increase engine-power. It is essential to the management of the fishery

t}.at the effects of such changes are kno!ùn or can be predicted'

In order to províde such information, t]¡e data ín Tables 1 to 5 (at

endofAppendix4)wereusedtotestthefollowinghypotheses-

1)

2)

that annual trawfing time (effort) increases with vessel length;

that the catch rates of double rigged vessels are greater than

single rigged vesselsi

that catch rate increases with engine horsepoweri

that catch rate increases with boat length;

that annual catch increases lttith boat length:

fhese hypottreses were teste<l in ttre following manner -

Method and Test Used

3)

4',)

s)

Hvp.

t

Data Used

Tables 1 and 2

2 Tabtes 3,4 a¡d 6

3 Tables 3 and 4

4 Table 5

Regression line bY least squares

and analysis of variance.

Difference between means (single

and student's t-test.

Regression line by least squares

and analysis of variance.

Regression line by least squares

rate) and analYsis of variance.

Regression line by least squares

and analysis of variance.

(Iength vs, effort)

rig vs. double rig)

(h.p. vs. effort)

(length vs. catch

(length vs. catch)5 Table 5
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Results:

Hypothesis 1: The relation between vessel length and time spent trawling

is shown by the regression line in Figure 1. The value of the correlation

coefficient is pos,itive but 1o¡¡ (p = 0.19).

The analysis of variance for these data is as follows:

Variation DF SS MS I
Regression

Error

TotaI 27

The lorv value of F indícates that the slope b it tt," equation of the line

y = A + bx is not significantly different ftom zeto - i.e. time spent

trawling does not significantly increase with vessel length.

Hypottresis 2: Using catch data frc¡n Spencer Gulf (1973), table 6

shows the mean catch rates of single and double rigged vessels of

s i:ni 1ar si zes .

Using Studentrs t-tests the difference between the mean catch Lates

for each group was significant at the 0.1q" level- ft can be concluded
thoseol

that the catch rates of double rigged vessels are greater tÌtannsingle

rigged vessels. Frc¡n the a-bove data the relation of catch rates of

double to single rigged vessels is as follows -

C.E. (d) = C.E. (s) x 1.56

where c.E.(d) and c.¡.(s) represent the catch per effort in double a¡d

single rigged vessels respectively.

1 228033. 00

5805947.68

6033980. 68.

228033.00

223305.68

1.02 N.S-

26
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Hypothesis 3.: The relaÈion between the engine horsepower and catch

rates for vessels fishing in Spencer Gulf (1973 data) are shown in

Figure 2. The regression line of best fit using data frcnr both

single and double rigged boats cc¡nbined has a 4ú.1àùn correlation

coefficient of 0.605.

a. o

a

o o
.t o a

!
o

J1

o
F{

x

f¡l
E{

É,

U
Hé
U

o9

I

a
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6

o
o

o

o
o

5

4

3

o
o o O single rigged

a double riggedo

o
o

o

1 23
Engine h.p.

45
(xl00)

(kg per hour) for ind.ividual vessels

Regression lines are for single and

FIGURE 2. Mean a¡nual- catch rates

of various horsepo\¡¡ers.

double rigged vessels

only (solid line).

(broken line) and double rigged vessels

The analysis of variance for all vessels combined is as follows

VariaÈion FMSSSDF

Regression

Error

Total

I 3868. 97

3270.77

7l-39 .7 3

3868. 97

25

26

*** denotes significance at the 0.IB level.

130.83

29.57***



L60

rhe large F value is highly significant showing that the slope (b)

in the equation of line y = a + bx is significantry greater than

zero - i.e. that the catch rate of vessels increases with horsepower.

However as it was shown that -

(1) the catch rates of dor¡bre rigged vessels are, in general,

greater than single rigged vessels, and

(2) double rigged vessels are usually rarger with more powerful

engines,

it was decided to examine double rig vessels separately.

Ttre analysis of variance for double rigged vessels only is as follows -

Variation ss FMSDF

Regression

Error

Total

1 643.66

LII] .73

l_761.38

643.65

101. 61

6.33*

11

L2

*denotes significance at the 5z level.

The value of F is significant at Èhe 5% Ievel showing that the slope

(b) of the regression line in Figure 2 is significantly different

frcrn zero. Catch rates of simil-arty rigged vessels car¡ therefore be

said to increase with horsepotirer.
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Hlpothesis 4: The catch statistics of all trawlers in the Spencer

GuLf fishery for 1975 were examined to determine relationships between

vessel lengttr and, mean a¡nual catch rate. fhe data used are shown in

Table I and Figure 3 shcn¡s the regression line of best fit by least

squares. As the catch rates of double rigged vessels were shown to be

greater than tt¡ose of single rigged vessels, the data for double rigged

was examined separately (line B) and analysed as fol-lows -

Variation DF SS MS t
Regression

Error

Total

I

32

3t

220.IL

2275.48

2495.60

240 -\2

73.40

3.00 N.s.

The slope of the regression line does not significantly differ frcrn

zero indicating that catch rates in similarly rigged vessel-s do not

significantly increase with boat length.

Hypothesis 5: The rel-ation between vessel length and boat catch rate

a¡rd, effort (hours trawted) were shown to be positive but non-significant.

A,s total annual catch is affected by both catch rate and effort,

the data in Table 5 were used to test whether the relation between

vessel length and annual catch was significant.

The lines of best fit through the data is shown in Figure 4 and the

analysis of variance is given below -

Variation SS F

Regression

Error

Total

I

36

MSDF

37

3347.89

r2L24.OO

Ls471. 89

3347 .89

336. 7 8

9.94*r,

** denotes significant at the 5% level

The slope of the line in Figure + is significantly different frcrn
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zero indicating that annual catch increases with vessel length.

At present, there is a large variation i¡t sizes <¡f vessels in the

Spencer Gulf fishery (Tabte l). Vessels being replaced in üre

industry must be replaced by one of the same or smaller size. During

t.Ire study period tltere was pressure from fishermen to be allor¿ed to

change their vessefs for langer ones. The above relationship was then

used to estimate the increase in 'effective effort' which would result

frcrn cnrners of smaller vessels purchasing new ones at the maximun size

of 55 feet (16.8 m). As shown in Table 5 it was estimated that,

providing -

(1) all owners chose to purchase vessels of the maximun size (16.8 m)

(2) fishing patterns and tactics do not alter (other than the ability

of larger boats to spend longer at sea).

the total 'effective effortr in Spencer Gulf may be increased by 12.2ø"

by the increase in vesser size. That is, an increase approximately

equal to the addition of 5 new vessels into the fishery under the present

conditions.





TABLE 5

tG+

catch statistics for vessels in Spencer Gulf Fishery (1,975 data)
right hand column shows the projected increase in 'effective
effortr if authorities were transferred to 16.8 m vessels.
(Increases calculated using regression line in Figure I -
i.e. vessels to catch an extra 3 t per year for each increase
oflminlength).

VESSEL LENGTH
(m)

12.5
1) )

l_7. 3
l-6.7
l-9.7
16. 5
16.6
16. 6
L9.2
l-4.9
L4.9
25.7
15.1
17. 3
18. I
15. 5

14.8
14.0
17.0
L4.6
16.9
1'6.7
15. 3

17. 0
13.6
15. I
16.5
19.2
18. 5

20.7
13. 7
L8.2
17.O
r7 .3
25.2
19 .1
25.6
14.0

EFFORT
(HOURS )

472
639

L 258
958

I 602
I I22

423
L 625
I 355

92L
986

I T64
I 254
I 4s5
I 039
1 400
r. 054
I 091
r 692

588
L 322

929
L O24

156
429

I 223
905

I 451
I 288
I 746
r 442
I 582

664
I 207
T L26
L 4I9
I 182
1 061

c/E
(ks/hr)

4L.
t8.
35.
54.
56.
62.
40.
46.
28.
36.
50.
45-
34.
46.
60.
50.
35.
20.
38.
34.
34.
36.
36.

42.
48.
47.
38.
47.
49.
51.
55.
51.
43.
30.

PROJECTED
INCREASE

z

16
38

U

32
0
1

I2
0

96

RTG CATCH
(ks)

*
**

D

S

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

S

D

D

D

D

D

s
S

D

D

D

D

D

s
D

D

D

D

D

D

D

36
t1
44
52
91
69
32
75
38
33
49
52
43
67
62

65
20
45
33
37

5

l0
51
49

I4I
837
327
579
181
932
937
250
539
969
528
546
307
959
598
494
24I
326
25r
506
837
97r
o2I
439
009
345
853
882
685
L46
207
163
056
I2I
928
7II
225
876

4
5

2

9

9

3

0
3

4
9
2

1
5

2

4
3

5

6
9

l
6

2

9
3

0
1

0
7

U

3

3

I
5

9

2

3

0

36
IL7

0
0
0
I
2

I
0

T]
L2

U

L2
0
0
670

3l
22

60
62
a2
55
74

34.
23.
42.
55.

33
62
62
72
51
3t

6
2

0
0
U

I7
0
0
0

0
0
0

)^

12.2e"

* Double rig
** Sing1e rig
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Lengttr
(m)

Single Rig

Catch rate
(kg/hr)

Lengtlr
(m)

Double rig
CaÈch rate

(kg/hr)

r4.9

-17.0

L7.7

16. 9

17. 3

17.3

17.0

l-6.7

16. 5

54.8

40.o

44.8

34.8

31. 6

31. 3

50. 1

42.9

49.8

L4.9

19.8

18.5

15. 5

18.2

l-9.2

19. I

L6.6

18.8

7r.4

60.7

60. 1

66.5

60.6

s7 .5

73.5

58.1

84. 3

t5 .1 42.2 17.8 65.9

TABLE 6 Mean catch rates of single and double rigged vessels in the

size range 14 to 20 m during 1973, Spencer Gu1f.
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