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STJMMARY

Large populations of the nigratory penaeid prawn Fenaeus LatisuLeatus

Kishinouye 1900, inhabit the waters of the South Australian gulfs

and of Shark Bay, Western Australia. Although the species undergoes

the typical penaeid life cycle it is unusual in respect to the salinity
t)

of the nursery areas occupied by the juvenile prawns. The juveniles

of other penaeid species inhabit low salinity estuaries. In Shark

Bay and the South Australian gulfs no such estuaries exist and in

fact a I'negative estuaryt'situation occurs. The juveniles of

P. LatisuLeatus therefore live in hypersaline waters, but in most

other respects these nursery areas are sinilar to those of other

species.

A fishery for P. LatisuLeatus ís operated in Spencer Gulf and fron

the available statistics on catch per unit effort in this fishery

an index of recruitment has been calculated after first naking

allowance for other factors that nay influence the catch per unit

effort. A negative correlation exists between the annual recruitnent

index and the effective rainfall over northern Spencer Gulf. This

supports the hypothesis that reduced salinities (after heavy rainfall)

are detrimental to the survival of juvenile P. latísuLeatus.

Laboratory studies have shown that the survival of juvenile

P. LatísuLeatus in high salinities is better than that of other

penaeid prawns. In low salinities however, fewer juvenile

P. LatisuLeaâzs survive than do juveniles of other spËcies.

P. LatísuLeatus therefore appear to be better adapted to high than to

low salinities. Studies on the osnotic and ionic regulation of

P. l.atisuleahts have shown that the physiological basis for the
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apparent adaptation to high salinities is likely to be the marked degree

of ionic regulation in the haemolyrnph in high salinities. In low

salinities the degree of regr.llation of calciu¡n in the haenolymph of

juvenile P. LatisuT¿akts faLls sharply and this may account for the

poor survival rate of this species in low salinities.

o
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CHAPTER ONE

INTRODT,ITION

The penaeid prawns are considered to be the rnost prinitive of the

decapod cmstaceans, and are of ¡narine origin (Kubo, l-949). Although

some species are stenohaline and non-migratory, conpleting their

entire life cycle in the sea, adaptation to other salinities has

occurred and juveniles of various species of migratory penaeid prawns

inhabit a wide range of salinities. The najority of the penaeid

prar{¡ns are nigratory, the newly-hatched larvae moving into shallow

inshore fhursery areastr where they settle and grow to juveniles

before returning to the sea to mature. It has often been asserted

that low-salinity estuarine waters are essential to the life cycles of

the nigratory penaeids. Venkataramiah, Lakshni and Gunter (1974)

state that "the low-salinity estuaries are essential to nany species

and they are certainly conducive to the normal developnent of the

young stages.rr It will be established in this study tlrat Penaeus

LatisuLeat¿zs Kishinouye (1900) is quite unusual arnongst the penaeid

prawns since in Australian waters the juveniles of this species

inhabit hypersaline waters. Large populations of P. LatisuLcatus occur

in Shark Bay, Western Australia and in Spencer and St. Vincent Gulfs

in South Australia, where the juveniles do not have access to low

salinity estuarine water since most of the protected coastal waters

are hypersaline. Specimens of P. LatisuLcatus have occasionally been

reported fron the east coast of Australia where the protected coastal

waters are usually low-salinity estuaries, but no peïmanent populatioits

of this species occur there. Sinilarly, the nany species of penaeid

prawns found in association with the estuaries of the east coast of
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Australia are not found in the vtaters of Western Australia and South

Australia. This suggests that the distribution of the penaeid

Prau¡ns may be deterurined by the salinity of the inshore nursery areas.

Fron field studies Gtmter (1961a, b) and Gunter, Christmas and

Killebrew (1964) have argued that salinity is the najor detenniJånt

of the distribution of the three commercially inportant penaeid

prawns in the Gulf of Mexico. The conclusions drawn fron field

studies have been criticized by Zein-Eldin and Aldrich (1965) on

the basis that factors such as tenperature, light, substrate, food

supply, shelter and pollution also affect prawn distribution and

some of these factors frequently vary with salinity. It will be

shown, however that the nursery areas inhabited by juvenile

P. LatisuLeatus are sinilar in many respects to those occupied by

other penaeid prawns with the najor exception that waters in the

P. LatisuLeatus ntttsery areas are usual-Iy hypersaline.

The effect of salinity on determining the distribution of penaeid

prawns nay act'via the effect of salinity on the survival of juvenile

praums. If the presence of hypersaline water is a major deterninant

of the distribution of P. LatisuLcatus t]nen the effects of reduced

salinities in the nursery areas night be expected to be detrinental

to this species. However, if salinity pe? s¿ has no effect on the

survival of the penaeid prahrns, reduced salinities night enhance the

survival of juvenite P. LatísuLcatus if it made the nursery areas

unfavourable for predators or competitors. Furthermore, reductions

in salinity are usually accornpanied by an influx of nutrients into

the nursery areas (Ruello, L973), so P. TntisuLeaþÆ míght do better

rnder these conditions.
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Extensive research in the Gulf of Mexico has shown that there is no

correlation between the abundance of adult prawns and the abrmdance

of larvae produced by these adults. No correlations exist between

the abundance of larvae and the abrmdance of later stages, but the

abundance of juveniles and adults are correlated (Neal, 1975). This

suggests that the abundance of adult fi"*tr is determined by the

survival of juvenile prawns in the nursery areas. The effects of

salinity on the survival of juvenile prawns rnay therefore be seen in

the variation of catches of adult prawns with varying salinity. Gunter

and Edwards (1969) found a correlation between rainfall and annual

catches of prawns in the Gulf of Mexico, and attributed this to

better survival in reduced salinities. Ruello (1973) for:nd a sinilar

correlation between rainfall and prawn catch in New South Wales, but

he attributed it to the indirect effects of reduced salinity, such as

the production of more food due to nutrients washed into the estuaries

and the stirnulation of seaward migration which is said to enhance the

prahrnsr reproductive potential. In these studies factors of favourable

low salinity for prawns, r.rtfavourable salinities for predators and

conpetitors, increased food, and enhanced breeding potential would

occur together since the species concerned inhabit low salinity

estuaries. In the present study where the juvenile prawns have a

hy¡lernarine distribution it night be expected that floods from land

bringing nutrients into the nursery areas would result in unfavourable

salinity regines. A study of the effects of reduced salinities on

the abundance of P. LatisuLeatus might therefore provide a neans of

distinguishing between the hypotheses of Gunter (1961a, b) and

Gunter, Christrnas and Killebrew (1964) that the distribution and

abundance of penaeid prawns is deternined by salinity and that of

Zein-Eldin and Aldrich (1965) and Ruello (1973) that the salinity

per. se does not affect the survival and abundance of the penaeid

Pravms.
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Since natural nortality of the adult prawns occurs due to factors such

as predation and aging, a better estimate of the survival of juvenile

prawns, than the annual catch of adults, is the recruitment of young

prawns to the adult stock. In this study an estimate of the annual

recruitment of P. LatisuLcahtsto the adult stock in Spencer Gulf

S.A. will be made fron the available fisheries statistics. It will

then be shown that salinity in the nursery areas is deternined by

effective rainfall. At this stage it will be possible to test the

hypothesis that recruitrnent of P. LatisuLcaùæ is determined by

effective rainfall and hence by salinity. Alternative h¡lotheses

that recruitment is determined by the size of the adult stock (a

popular idea among fisheries biologists) or that temperature

significantly affects the recruitrnent can be tested before examining

the relationship between effective rainfall and recruitment.

Further support for this hypothesis can corne frorn studies on the

salinity tolerance, osmotic regulation and ionic regulation

of this species.

The unusual distribution of P. LatisuLoatusin relation to salinity

raises the question of whether this species is especially adapted to

hypersaline conditions. Adaptation to salinity regimes can be

considered in:two hrays. According to Carpelan (1967) species inhabiting

h¡Aersaline water can be viewed as speci aLized, their specialization

being wide tolerance to salinity, but that this is a natter of

opinion since wide tolerance makes the species generaLized. They

are euryhaline in contrast to the highly specialized stenohaline

species r+hich are limited to narrow salinity ranges. Lockwood (t962)

however, views the marine forms as unspecialized in their osnotic

physiology, and proposes that existence in nedia narkedly more or
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less concentrated than seawater requires physiological adaptation to

enable the species to maintain the body r{ater balance in a state

conpatible with the cellular fr:nctions of the nost sensitive tissue

conponent. This recognises adaptation as a result of evolutionary
t)

change in response to the environment. In view of the generally

accepted rnarine origin of the Qrustacea, euryhaline penaeids shoutd be

seen as adapted to various salinity regines by the evolution of wide

salinity tolerance. In this studyP. LatisuLeatus will be considered

as a species which has evolved a tolerance to h¡lersaline rvaters and

the physiological basis of this adaptation will be investigated.

Dorgelo (t976) points out that the salinity tolerance of a species,

while not always being correlated to the distribution of the species

in natr¡re, provides an index of the physiological status of a species

which reflects the degree of prinary adaptation of the species to its

physicochemical environrnent. It is therefore inportant to determine

the range of salinity tolerance of juvenileP. Latisulcatus T?re

survival of penaeid prawns in various salinity regines is dependent

on their ability to regulate the osrnotic and ionic concentrations

in the haemolymph, thus exposing the tissues to the least degree

of osmotic stress at the cellular 1evel.

Osmotic and ionic regulation is thus the physiological basis of the

speciest adaptations to various salinity regimes. Of the penaeid

prav¡ns so far studied all have been found to regulate the haemolymph

hyperosmotic to the external nedium in low salinities and hy¡ro-osmotiu

to the medium in high salinities. The point at which the osnotic

concentration of the nedir¡n and the haemolynph is equal is called

the isosnotic point. Adaptations to various salinities can be
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reflected in the position of the isosmotic point (Brand and Bayly

L97L), the degree of homeostasis maintained in the haemorymph and

the range over which honeostasis is maintained. Thus, from a

comparison of the osmotic and ionic reguration patterns of the

penaeid prar^¡ns the extent of any adaptations to hypersaline waters

that may be ìpossessed by P. LatisuLcaúus may be detormined.

Since populations of juvenile P. LatisuLeaâ¿¿s examined in this study

inhabit hypersaline waters it may be expected that osmotic and ionic

homeostasis will be maintained over a greater range and to a more

marked extent in the upper salinity regime, than in species wh_ich

inhabit lower salinities. rt is also possible that the isosmotic

point may be higher in P. LatísuLeatus partícularly if the mechanisms

of cellular osmotic and ionic regulation are better developed in the

higher salinities in this species.

MacFarland and Lee (1963) found that better adaptation of penaeid

prawns towards one end of the sarinity spectrun is accom¡nnied by

a decreased tolerance to salinity at the other end of the spectrum.

rf this is the case with P. LatisuLeaú¿¿s this may exprain why the

species has not coronized low sarinity estuaries on the east coast

of Austral-ia even though the species has been occasionally recorded.

from there. Conversely, if the prahrns found on the east coast of

Australia are better adapted. to low salinity and therefore not

as wel-l adapted to hlzpersal-ine waters. this may exprain the absence

of these species from western Austraria and south Australia.
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CHAPTER TWO

TAXONOMY ZOOGEOGRAPHY AND LIFE HISTORY OF PENAEUS LA?ISULCATUS

2.1 TAXONOMY

Penaans LatisuLeaf,¿s Kishinouye 1900 is one of 28 species of the sub-

family Peyneirøe found in Australian waters (DalI, 1957). The subfamily

comprises 15 genera, eight of which are recorded fron Australia, the

genus Penneus being the best represented (7 species).

There has been dissention over the spelling of the generic name Perneus

Fabricius 1798 (Hall 1955). Alcock (1906), Schnitt (7926) and Hale

(1927) refer to the species as Peneus Latisuleatus, In the reviews of

Racek (1955a) and Dall (1957) the valid generic name Pena.eus has been

restored.

The species P. LztisuLeatus was first described by Kishinouye (1900)

fron Tokyo Bay. A specimen from Penang was described as P. eavtaLiculakts

Olivier var.? by Lanchester (1901) and one fenale ,p".ir"r, collected from

Thursday Island by de Man (1907) and referred to P. carnlieuLattts

Olivier var. austraLiersiswere later made synonomous with P. LatisuLcatus

by Dal1 (19s7).

In Australia large populations of P. LatisuLcatus occur in South

Australian and Western Australian waters. Dal1's (1957) description of

P. LatiwLcatus was based on specirnens from Cockburn Sound, Western

Australia, and although it differs in some minor respects fron that giìen

by Kubo (1949) the speeimens frorn Cockburn Sound, agree well with the



TABLE 1

GENERAL DISTRIBUTION OF P. LATISULCATUS

Author Date Distribution

I(ishinouye K.

Lanchester W.F.

De Man J.G.

Schmitt !{. L.

Hale H.M.

Kubo I.

Ko\^¡ Tham A.H.

Racek A.A.

DalI V{.

Racek A.A. and
DaII W.

Munro I.S.R.

Slack-Smith R.S.

Bradbury J.H.

Kensley B.

Gurjanova E.F.

Lenanton R.C.

Vrlinstanley R. H.

Zed P.A.

1900

1901

L907

1911

L926

l-927

l-949

:l.954

1955a

1957

1965

I968a

r969b

T97L

L97 2

L972

L97 4

r975

Unpublished
records.

il

Tokyo Bay, Japan

f)
Pulau Bidan, Penang

Thursday Island

Batjan, Molluccas, Red Sea

Kangaroo IsIand, South Australia

South Australian waters

I(orean and Japanese waters

Singapore

Sussex In1et, Greenwell Pt; New South
I¡IaIes - Lists the distribution briefly
as Nth Qld' W.4., S.A. ' Japan' Formosa,
Indonesia, Red Sea

Warnbro Sound, Cockburn Sound; tf.A.

lists the distribution in northern
Australia briefly as Joseph Bonaparte
GuIf, Gutf of Carpentaria, Princess
Charlotte Bay, Townsville, MackaY,
Prudhoe Is1and

lVestern GuIf of CarPentaria

Shark Bay, Þcmouth GuIf , !tI.A.

Coffin Bay, South Australia

South African \^taters

Gulf of Tonkin

Irwin Inlet, Bow and Kent estuaJries, W.A.

Ocea¡ Grove, Victoria

Davenport Creek, Venus Bay, Streaky Bay,
Smoþ Bay; South Australia
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TIIìi DISTRIBUTION OF PE¡¿{tr¡IS LAT.TSIILCATUS 7N

,\USTRÂLI/\N WATERS, SIIOWING Tf IE WESTERN

SUB-TROPICAL RUGION DEFTNLD BY RACEK (1955b)
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description and figrure' (No. 29) from a South Australian population by

HaIe (L927). There is little doubt then that the populations in

!{estern Australia a¡rd South Australia belong to the same species.

2.2 ZOOGEOGR,APHY

Griffin and Yaldwyn (1968) list P. LatisuLcatus as an example of a

very wl-de1y distributed species. Table I shows the distribution a¡¡d

suggests that P. LatisuLeatus may be found in suitable habitats al-ong

the east coast of Africa, the Persian Gulf, Aral¡ian Sea and the Bay of

Benga1 although no records from Èhese localities have been found in the

literature to date.

The distribution of P. Latísulcatus wLEhín Australia (Fig. 1) is

better known than for other areas. Racek (1955a) postulated that the

centre of abundance of the species v¡as along the west coast of Australia,

and later (Racek 1955b) he defined a "western sub-tropical region"

from Cape Inscriptíon to Kangaroo rsland (Fig. 2) where P. LatisuLeatus

was the typical form. Racekrs (1955a and b) proposals have since been

validatêd by the development of important commercial fisheries for

p. LatisuLcatus in Shark Bay and to a lesser extent in Ersnouth Gulf,

Vtestern Australia (Slack-Smith, 1969b), and' in Spencer and St Vincent

Gu1fs in South Australia (O1sen, L975). V{. Hughes (L972) points out

that P. LatísuLeatus accounts for about 1å of the prawn catch from the

Gulf of Carpentaria. According to Munro (pers. comm-) P. LatisuLcatus

are caught mainly on the western side of the Gulf. Despite extensive
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exploratory travrling along the coast of the south-east of South

Australia no penaeid prawns were recorded (King, pers. conm.).

l,llinstanley (1975) discussed three possible hypotheses concerning the

occurrence of four juvenile P. LatisuLeatus captured off'Ocean Grove

beach near the entrance to Pt. Phillip Bay in Victoria. The nost likelyij

hypothesis is that they were transported fron South Australia as

larvae or post-larvae by ocean currents which are known to flow

eastwards fron the South Australian gulf region to Bass Strait (Rochford,

1957). This sane explanation nay apply to the isolated occurrence of

P, LatísuLeatus recorded from Sussex Inlet and Greenwell Point in

southern New South Wales by Racek (1955a). Racek (1955b) described

the occurrence of this species along the east coast of Australia as

rare. The specirnen from Bowen, northern Queensland described by

Schnitt (1926) as P. LatisuLcatus was later referred to a nehr species

by Dal1 (1957). Although Dall (1-957) was of the opinion that P. LatisuLeatus

would probably be found scattered down the east coast of Australia,

no records (other than those of Racek (1955a) ) of the species exist

despite intensive prarrrn fisheries in Queensland and New South Vrlales.

It is alnost certain that within Australian waters no breeding population

of P. LatisuLcatus occurs east of St. Vincent Gulf in southern

Australia and east of the Gulf of Carpentaria in northern Australian

waters.

2.3 LIFE HISTORY OF PENAEID PRAI¡TTIS IVITTI SPECIAL REFERENCE TO P. LATTSULCATUS

At the conmencement of this study in 1973 very little was known of

the life cycle of Perneus LatisuLcatus. Publications on this species

prior to 1973 were concerned with fisheries management (Slack-snith 1969
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a, bi Slack-Snith and Stark 1968), and other papers in which reference

was made to F. LatisuLeatus wete restricted to considerations of the

taxonomy and general zoogeographic distribution, and have been cited

in the previous sections. Subsequent papers have dealt nainly with

fisheries dynamics and managernent (Penn, L975 a, c, 1976; Penn and

Stalker, L975; 01sen, L975; Hancock 1975), nigrations (Penn 1975 b;

Winstanley, 1975) and measurement of activity (Hindley and Penn, 1975)

and have nade only passing reference to factors concerning the life

cycle. Since a general overview of the life cycle of the species is

essential to the understanding of the inportance of the juvenile stage

in the ecology of this species it will be necessary to discuss the

literature concerning life cycles of penaeid prawns. From these

studies of other penasí-ds and the snall amount of information available

about P. LatisuLcatus, the life cycle of this species can be deduced.

It is known that the penaeid life cycle follows the general pattern of

breeding, larval developnent imnigration of post-larvae, juvenile

growth phase, emigration of pre-adults and adult stage. The above

stages in the general pattern of pçna eid life cycles will be discussed

and related to the probable life cycle of P. LatisuLeatus in South

Australian and Western Australian r{aters.

2.3.L Breeding

In a nunber of species of Per¡neus including P. LatisuLeattLs, the genitalia

develop before the gonads ripen (Hall 1962). Mating generally occurs

after the prawns nigrate offshore where vitellogenesis and spawning

takes place. In Penaeidae with closed thelyca, such as P. Latisuleatus

copulation occurs between hard shelled males and newly noulted fenales.

The nale deposits spernatophores such that the part containing the
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sernen lies within the paired seminal receptacles of the female. The

other portion swells on contact with sea hrater to form plugs which

protect the median thelycal opening (Tuna, 1967). Fertilization of

the eggs occurs at the time of spawning and many penaeids are capable

of retainingr viable sperm for several weeks. It is not known how long

Psnaeus LatisuLeatus ar6 able to retain via-ble sperm.

Penaeue species generally reach maturity within one year of hatchingt

and are probably capable of spawning three to five times during their

Iife (gadawi, L975; I{ickins, 19761. Penaeids are among the most fecund

of the Natantia and can release 100,000 to I,000'000 eggs at a single

spawning (uatl, L962; Tuma, L967).

Tuma (L967) found that there are distinct size groups of adult Penq.eus

meyguíensis de Man wh-ich engage in mating. Males of 30-36 Ím carapace

length make up 90% of the males for¡nd in association with inseminated

females, and 9Oe" of inseminated females are in the size range 32-39 mm

caralË.ce tength. Badawi (l-975) noted that spawning of Penaeus sanisuLcatus

de Haan occurred in female prawns of 3 size modes in the size range of

160 to 200 run total length.

Perrn (L975a, Lg76) noted that the ovaries of female P. LatisuLcatus

underwent rapid development during spring in Vtestern Australia.

According to King (L976) the peak ovary development of P. LatisuLcatus

in South Australian waters is in October and November.

Correlation between \^rater te$perature and spawning has been reported by

Lindner and Anderson (1956), Ingle êt al (1959), Eldred êt al 11961),

Cummings (1961) and ldyl1 et at (1963). It has been strown that intensive

spawning activity is generally related to a rise j¡ water tenperature.
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2.3.2 Larval Development

Ewald (1965) reared larvae of Penaeus duo?arutn Burkenroad whose development is

representative of most penaeids (Wickins, L976), and described

5 naupliar, 3 protozoeal, and 5 nysid stages; however the exact

number and duration of each stage varied according to cultur".orr¿äiorrr.

Typically, penaeid nauplii hatch fron the eggs 10-15 hours after

spawning and subsist on yolk reserves for 2-3 days until active feeding

occurs in the f,irst protozoeal stage. The larva noults to the nysis

stage after 3-4 days and to a post-larva after a further 3-5 days.

During this time it may pass through as many as tI-L4 moults. The rate

of developnent is dependent on temperature, food and water quality but

in good conditions development to the post-larval stage occurs within

tL-27 days (Wickins, t976).

Fielder, Greenwood and Ryall (1975) described the larval stages of Pønaeus

eseuLentus Haswell from Queensland, Australia. Four nauplii, 3 zoeal

3 mysid and a post-larval stage were detected. The development fron

hatching to post-I'arva was completed in 10 days at a water ternperature

of anproximately 260c.

The larvae of P. LatísuLeatus have been reared in the laboratory by

I. Snith (pers. conm.), but the description of the various stages

has not been published. The tine taken for development of P. Latisulcattts

through to the post-larval settling stage hras approxinately 2! days at

20oC in laboratory culture conditions.

Pqrta,eus Latí,suLeatùs 
,larvae 

are reared at a commercial pravln cul ture

enterprise at Pt. Broughton, South Australia. Up to sixnaupliar

stages have been observed. There are three zoeaL and 5 nysid stages.

(Yasada, pers. conn.).
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2.3.3 Immigration

The rinvasion' of estuaries or brackish water habitats is common amongst

post-larval penaeids (Wickins, L976). Hughes (1969a, b) considered

the migratory behaviour of P. duoræwn to be largely determined bv

tidal flow and salinity but thought it may also be complicated by the

influence of endogenous diurnal rhlrthrns (Hughes, I972). Post-farvae

of this species move onshore on flood tides. A decrease in salinity

during ebb tides is said to cause the post-Iarvae to sink to the

substrate and burrow to avoid being carried offshore. !,Ihen the salinity

increases on the flood tide the post-Iarvae become active and are

carried ashore.

Racek (1959) and Barber and Lee (1975) considered that ocean surrents

and wind drifts must be responsible for the inshore migration of Perlaeus

pLebejus Hess post-larvae. Jones et aI. (1970) also consid.ered ocean

currents to be the most likety transport mechanism for Penaeus duorarwn

post-larvae.

penn (f975b) has pro¡nsed a tidal transport mechanism for the incoming

larvae and post-Iarvae of P. LatísuLeatus in Shark Bay, $1.4. The only

behavioural response required by this mechanism is the diurnal vertical

migration of the planktonic larvae and post-larvae. Although no such

migration has yet been observed for P. LatisuLcatusrsuch behaviour has been

observed for the larvae of P. duorarum, Penaeus a.ztecus lves and Pena.eus

setiferus Linnaeus (Duronslet et al. , 1972; Temple a¡rd Fischer, 1965)

and for larvae of P. pLebejus (Barber and Lee I 1975). Penn (1975bI 
^

has shown that during that part of the year when larvae and post-t-tv.u

are present in Shark Bay, the predominant tidal flow of \Àrater at

night is towards the shore. Thus larvae and post-larvae active
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at night would be transported inshore. The same nett tidal inflow at

night occurs in Spencer Gulf (Penn, 1975b) so the mechanism can

explain the ingress of P. LatisuLeatus larvae and postlarvae in

Spencer Gulf.

2.3.4 Juvenile Stage
tJ

After the inshore nigration of the postlarval stages, penaeid prawns

spend some time as juveniles in inshore nursery areas. Munro (1975)

found that juvenile P. merguiensis.were present in the nursery

areas during all rnonths of the year but appeared rnost abundant during

strrrmer. He deduced that those that do not grow to the síze at which

ernigration to the deeper r{aters occurs, overwinter in the nursery

areas and becone the first rradolescentsrr to leave these areas the

following sunmer. Collier, Gunter, Ingle and Viosca (1959) found

that as winter approaches larger juveniles of P. setíferus move to

offshore waters but the snaller juveniles renain in the nursery

areas. Their growth is retarded by lower winter tenperatures but with

the advent of warmer conditions in spring the sna1l juveniles resume

a rapid growth rate and move to the offshore waters. Loesch (1965)

also found that juvenile P. setiferus and P. aztecus overwinter in

the nursery areas. Aldrich, Wood and Baxter (1968) have laboratory

evidence supporting the hypothesis that nost juvenile P. aztecus hibernate

in the burrowed state for winter in the north-west Gulf of Mexico.

Juvenile P. aztecus were found to burrow at tenperatures below 17oC

and to becorne inactive below IzoC. Emergence fron the substrate

occurred as the temperature rose to L8oC. Other studies have shown that

juvenile Perta.eus in'd.icus Milne Edwards are present in the inshore nursery areas

throughout the year (Mohaned, 1970b) that Metapeyta.eus macLeayi Haswell-

overwinter in their nursery areas (Kirkegaard and Walker 1970b) that
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in New South Wales waters Penasus pLebeius postlarvae enter the

nursery areas in auttmrr and overwinter there to leave the follohling

sunmer (Racek 1959, Kirkegaard and Walker 1970d), and that Juvenile

Penaeus duoyarum spend fron two to at least six months in the nursery

areas (Costello and Allen 1970).

King (1976) found that juvenile Pertøeus LatisuLcatus spend up to L2

nonths in the shallow-water nursery areas, but that sone larger

juveniles (spawned very early in the season and grown rapidly over

the suruner) night emigrate to the offshore areas before the onset of

winter. The summer growth rate of juvenile P. LatísuLeatus was for.rrd

to be up to 4nm carapace length per nonth (King L976). Since the size

at which emigration to the offshore waters occurs is about 23nm

carapace length for males and about 26mm carapace length for females,

juveniles would need to spend about 6 rnonths in the nursery areas before

emigrating to offshore waters. Since recruitment to the offshore

grounds is completed by April, it is only those prawns spawned in

October and early Novernber that would possibly reach radolescentr size

in the first season. Thus it is likely that most juvenile P. LatisuLcatus

overwinter in the nulîsery areas and.emigrate offshore the following

sutnmer.

2.3.5 Ernigration

Having undergone a period of growth in the nursery areas juvenile

penaeid prar4Jns attain a size at which they are termed radolescentsl

or tsub-adultsr. At this stage the development of the genitalia is

almost conplete and the sexes are readily distinguished'

Tuma (1967) found that rnale Penneus merguiensis in the Gulf of

Carpentaria possess mature gonads when approximately 18.5mn carapace
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length but the genitalia remain structurally incomplete until a nininum

carapace length of 20 nm is reached. Since the najority of nales

leave the Nonnan River nursery areas by the tine they have reached

22mm carapace length they enter the waters of the Gulf of Carpentaria

in a sexually nature state and with structurally conplete genitalia.

Fenale P. merguiensí.s do not become sexually mature in the river

environrnent. The majority leave the nursery area by the tine they

reach a carapace length of 23 mm, and the genitalia beco¡ne structurally

conplete when they are about 24 mm carapace length long.

Ruello (1975) found that the mean size of emigratíng Penaeus pLebejus

in eastern Australia varied between 19 and 28 rnm carapace length,

depending on the nursery area and the tirne at which measurernents were

nade. Pullen and Trent (1969) found that the mean size at enigration

of 'Pena.eus setiferus varied from 155 nn total length in August to about

90 nn total length in January. In South Australian r4raters P. LatisuLea.tus

emigrate to the offshore waters when the males are about 23 mm carapace

length and the females about 26 twn carapace length. The peak in

this offshore enigration.,occurs from Decenber to February (King,

7976). Since the peak in ovary development in fenale P. LatisuLcatus ðoes

not occur until October and Novenber (King 1976) young female prawns

enigrating fron the nursery areas must not have mature gonads.

Penaeus setifezws. after enigrating from estuarine areas, tend to

rernain near shore or to nigratç alongshore unless 1ow temperatures force

them offshore (Lindner and Anderson 1956). Pullen and Trent (1969)

also found that rapid lowering of water temperature stinulated offshore

migration of P. setí,fezws. They related a decrease in size at

emigration from August to January to the drop in water temperature frorn

19oC to 8oC during this tine. Peaks of emigration occurred when the
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temperature and salinity dropped suddenly. It is not known whether

the water temperature and salinity have a direct effect on the

emigration of P. LatisuLcatus.

P. pLebejus move out of New South Vfa1es estuaries in the surface rvaters

of night ebb tirl,es during the darker phase of the lu¡ar cycle (RueIIo,

L9751. The offshore migration of juveniLe Penasus LatisuLca.tus in

Shark Bay is confined to ebb tides which occur at night si¡rce the

juveniles are strictly nocturnal (Penn, 1975b). This offshore

emigration is facilitated by the predcrninance of night ebb tides

during the time that emigration occurs (Penn, 1975b).

For most penaeid pra\¡¡ns offshore migrations move individuals from less

to more saline \./aters and circumstantial evidence indicates that most

Penaeidae which are unabl-e to reach suitably saline \^¡ater do not mature

(!,fickins, L976). An exception to this ís Metapenaeus bennettae Racek

and DaIl which is able to complete its life cycle within estuarj¡re

conditions (Dalt, 1958).

It has been suggested that the offshore enigration is necessary for the

completion of the life cycle of most penaeid prawns because some

property of the inshore $/aters prevents the complete develo¡xnent and

maturation of the gonad.s. This belief has come about because of the

failure of penaeid prawns to becqne sexually mature in aquacul-ture

conditions (Neal, L975). However, there is evidence that in a small

population of, P. LatisuLcatus whích became land-locked during the

construction of salt evaporation pans at Useless Inlet on Shark

Bay !f.4., maturationrbreeding and subsequent development of larvae,

juveniles and adults has occurred. (Hancock, 1975). A si:nilar
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incident has occurred at Outer Harbour in South Australia where

P. LatísuLeatus became land-locked during reclamation works and developed

through one generation (Olsen , L975r. Completion of the life cycle of

P. LatisuLeatue. ís also thought to h,ave occurred in prawn culture ponds

at Pt. Broughton, S.A. (Yasada, pers. comm. ). It appears then, Èhat

migration to offshore v/ãters is not necessary for comple,+rion of the life

cycle of P. LatisuLcatus.

2.3.6 Adu1t Stage

After enr-igration to the offshore waters it has been proposed that

P. pLebejus migrate from more southerly regions to a breeding area just

north of Moreton Bay, Queensland (RueIIo, l-975). A similar coastal breeding

migration has been recorded for many other penaeid species (Allen, 1966).

A southerly movement of tagged P. LatiauLcatus inas been noted in

Spencer Gulf (Xing, L976). Although many thousand of prawns Trave been

tagged in Spencer Gulf , none'have been recaptured outside the Gulf (-Kin9,

L976). ., It seems therefore.that the populations of P- Latïsuleatus ín

St. Vincent Gulf, Spencer Gulf and the west coast of South AusËralia are

distinct unless mixing of the larvae from these sources occurs. Th-is is

not very likely due to the relatively closed water circulation patterns

within the South Australian gulfs (Tronson, L974¡ Bullock, 1975¡ Bye, 1976).

During their life in the offshore \^/aters the male and female F. LatíauLeatus

g,row to al¡out 40 mm carapace length and 50 nm carapace length respectively.

These prawns are mainly of the 1t age class although some may suryiye into

a third year (i.e. becone 2f). It is-those larger prawns tnat fo::ln 
-tne

breeding stock.
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23.7 Life cycle of Perneus LatisuLeattts

From the preceeding discussion it is now possible to present a concise

outline of the life cycle of Penaeus LatisuLeatus in South Australian gulf

waters (see fig 2).

Most spawning occurs in the offshore h¡aters from November through the

eatLy sunmer rnonths, in the northern waters of the Gulfs. The eggs

hatch and the larvae develop through their various stages to postlarvae,

probably within 20 to 50 days. During this tine they nigrate towards

the shore. The postlarvae settle in sheltered inshore areas and grow

rapidly into juveniles. Most juveniles spend the r'rinter in the inshore

nursery areas however some which were spawned very early in the season

may enigrate at the end of that sunmer (broken arrol4' on fig 3). The

following spring and summer rapid growth resumes and the I'adolescentsil

enigrate offshore where they may live till the next spawning

season. The life cycle is thus conpleted in two years although sone

individuals may conplete it in one year, and some may survive into a third

yeat
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CHAFTER THREE

HABITAT AND ENVIRONMENT OF JI.JVENILE PENAEUS LATISULCATUS

3.1 INTRODUCTION

In general the areas occupied by juvenile penaeid prawns are sheltered

localities (Dakin 1946, Dal1 1958). Postlarval and juvenile stages

of Metapernans bennettae were found to favour rrrarm sheltered localities

(Dall 1958). Eldred (7962) found that small juvenile Penneus duorayum

prefer very shallow protected and relatively calm areas near shore.

Juvenile P.aztecus are concentrated in waters 1¿ to 7 m. deep in

Mobile Bay, Alabama, while juvenile P. setiferws are found in waters

less than lam deep. (Loesch, 1965). P. pLebejus juveniles occur in

the littoral areas of Moreton Bay (Young 1975). Gently sloping sand

and mud flats are favoured by juvenile P. semisuLeatus and Metapenneus

monoce?os Fabricius (Hughes, 1966).

The distribution of juvenile penaeid prawns has been related to

substrate type (Williams, 1958), to the distribution of strands of

mangroves (Hal1 L962) and to hydrological regines (Gunter, Christmas

and Killebrew, L964). The distribution of juvenile P. LatisuLcatus

in South Australian waters will be discussed in relation to these factors.

3.2 GENERAL DISTRIBUTION OF JWENILE PENAEUS LATISULCATUSIN SOUTH AUSTRALIA

When this study commenced in 1973 little was known of the location

and nature of the nursery areas of juvenile P. LatisuLcatus in

South Australian rtraters. Juvenile P. LatisuLcatus caught in sheltered

shallow waters in St. Vincent and Spencer Gulfs hrere occasionally
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sold in Adelaide fish shops as I'shrimps'r (Hale, 1927), and a brief

survey by the South Australian Departnent of Agriculture and Fisheries

showed juvenile P. LatisuLeatus to be abundant in the shallows of the

Northern regions of Spencer and St. Vincent Gulfs (Bradbury 197,L).

Although P. LatisuLeatus were being fished commercially fron the west

coast of South Australia it was not kno¡.r¡n whether populations of

juveniles occured there, or whether the adults being caught hlele part

of the Spencer Gulf population.

In July L973 a brief survey of possible nursery areas for P. LatisuLcatus

along the west coast of South Australia was made, in conjunction with

a survey of nangroves being nade by Dr. A.J. Butler. Attempts'to trawl

prawns were made at Coffin Bay, Venus Bay, Baird Bay, Streaky Bay,

Srnoky Bay and Denial Bay (fig :). These localities ü¡ere selected

as they are the only relatively sheltered areas along the hlest coast

(Womersley and Edmonds 1958) and thus the only areas likely to be

suitable for juvenile P. LatisuLeatus.

3.2.L Collection of j uvenile prawns

Prawns were collected with a small beam trawl of ny own design (fig 5).

The 1n x 0.5n frame hlas constructed from galvanized l-cn dianeter

steel rod and the skids were made from 2.5 x 0.5cm galvanized flat

steel. Strips of lcrn (stretched) shrinp netting cut to the appropriate

shape were sewn together to make the net. The top and sides of the

mouth of the net were fastened to the steel frame with strong nylon

twine as shown (fig a). A 1.5rn length of heavy chain was fastened to the bottom

of the frame and laced to the net. The trawl was towed behind a 4m'-

aluninium dinghy powered by a Yarnaha 9%h.p. outboard motor operated

at one third throttle.
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FIGURE 4

DIAGRAM OF THE BEAM TRAWL USED TO CAPTURE JUVENILE

PENAEUS LATISIJLCATUS SHOWING THE STEEL FRAME I
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Juvenile P. LatisuLeabus are nocturnal (M. Kbg, pers. comm.) so all

trawls were made at night. After trawling for 10 mins. the trawl was

hauled over the stern of the boat and the catch emptied through the

cod-end of the net into a shallow sorting tray. The catch was sorted

and juvenile prawns retained for subsequent examination.

)

a
.1-

3.2.2 Results of prawn trawls

At each of the v¡est coast locations the salinity was measured bv the

method described in section3.5.2 and the presence or absence of mangroves

and seagrass v/as noted. The results a-re presented in Table 2. Juvenile

prawns were present at Coffin Bay, Venus Bay, Streaky Bay, Smoky Bay and

Denial Bay while no prawns were caught at Baird Bay.

3.2.3 Discussion

The trawls show that nursery areas for P. TatisuLeatus do exist in

sheltered areas on the hrest coast of South Australia. No conclusions

about the relative importance of these nursery areas can'be drawn from

the data because of the small number of trawls made and the fact that

trawling was conducted on only one night at each of the west coast

localities. That juvenile P. LatisuLcatus are abundant in these areas

has been confirmed by reports to the S.A. Fisheries Department, by prawn

fishermen and other interested persons, but no further trawls in the

inshore waters have been made (King, L976). The distribution of

juvenile P. LatisuLcatus ín relation to mangroves and. seagrasses will

be discussed in the next section

In addition to the west coast area, q<tensive trawJs have been made in

the waters adjacent to 1ìorrens Is1and in St. Vincent GuIf (figs 3, 9)



TABLE 2

SALÏNITIES AND THE PRESENCE OF MANGROVES

WEST COAST OF SOUTH AUSTRALÏA

LOCATITY DATE SALINITY MANGROVES

Coffin Bay I2.7.73 38.2eq not present

Venus Bay 73.7 .73 37 .7%. snall grove
present

Baird Bay L4 .7 .7 3 45 .Ùeo. not present

Streaky Bay L5.7.73 36.tet

SEAGRASSES AND JWENILE P. LATTSULCATUS IN SHELTERED BAYS ON THE

SEAGRASSES

extensive beds of
Zostera sp. and
Posidoní.a sp.

abundant Zostera sp
and PosíÅoni.a, sp.

NO. OF TRAWLS TOTAL NO. OF

PRAI{NS

PRAWNS PER
TRAWL

3

0

3

0

1

4

2

6

10

68

52

11

2.5

11.55

17.33

5.5

Snoky Bay 16.7.73 36,2%o

very abundant dense
beds of Zostera sp
and Posidonia sp.

fairly'extensive patches of
Zostera sp. and
Posidnni,a sp.

fairly extensive patches of Zostera sp.
and PosiÅpnía sp.

patches of Zostera sp.
and Posidonía sp.

Denial Bay 77.7.73 36.05eao very extensive

3

2
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confirming the presence of large numbers of juvenile P. LatisuLeahts

in this area, La'rge numbers of newly settled postlarvae of P. Lat¿suLcatus

have also been observed on the extensive mud flats at Pt. Gawler and

Pt. Clinton in St. Vincent Gulf (fig.:) fron December 1976 until

JuLy 7977 by myself and by S. McKillup (pers conn.).

Í)

A more extensive survey of the nursery areas of P. LatisuLcatus in

South Australian gulf waters is being nade by M,G. King of the S.A.

Department of Agriculture and Fisheries,who found that sheltered areas

to the north of Spencer and St. Vincent Gulfs are more favoured by

juvenile P. LatisuLcahrs than the more exposed southerly areas (fig.6)

(King L976).

It can be seen fron fig. þ that the nursery areas for P. LatisuLcatus

in South Australia nost lie within regions where the 10rn bathymetric

contour is fron 5 to 10kn nore offshore. The nursery areas correspond

closely with what Wonersly and Ednonds (1958, map 7 p.220) call t'coastlines

of slight wave action with sandy of rnuddy flats or beaches.'r Typically

the shore topography conprises very gently shelving flats above and below

low tide 1eve1, descending gradually into deeper water or abruptly into

channels 4rn or nore deep. (Wonersly and Edmonds 1958).

5.3 BIOLOGICAL ENVIRONMENT

3.3-L Introduction

Hall (1962) suggested that stands of mangrove trees r4rere an essential

part of the habitat of juvenile penaeid prawns. Hughes (1966)

found that the juveniles of four species of penaeid prawns, Penaeus monodon

Fabricir:s,P. semisuLcatus P. irtdieus and Metaperw.eus moTroeeros, tvere
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usually associated with mangroves, chiefly Auieennia marírta'. Two species,

P. semisuLeatus and M.morpcez'os however, were also found on littoral

sand flats far removed from nangroves. Loesch (1965) fotrnd juvenile

p. aztecus more abundant in ttattached vegetationrr than on bare sand.

Australian studies show that nangroves fringe the littoral areas in

which juvenile P. merguiensís o3..rr in the Gulf of Carpentaria (Mturro

1963) and in which juvenile P. pLebeius occur in Moreton Bay (Young,

1975). In lvloreton Bay,Young (1975) also found that more P. pLebejus were

caught over seagrass beds than on bare sand substrates.

The nursery areas of P. LatisuLeatusin Shark Bay are extensive and

occur nainly along the sheltered shallow flats on the eastern and

southern shores (fie.7) (Slack-Snith 1969b). The well developed bank

along the eastern shore which forns the nain nursery area covers 1000

sq kn. and is an average of 8 kn wide. The extensive intertidal

flats shelve gently into this bank which extends gradually out to a

depth of about 5n. (Davies 1970) . Mangrove thickets of Auicertn.ía

marínaare developed along the east coast of Shark Bay (Logan and

Cebulski, 7970; Davies, L970) and the main nursery areas of P. LatisuLcatus

are fringed by these mangroves on the landward side and by the

Wooramel seagrass bank (fig.7) on the seaward side. The najor seagrasses

growing on this bank are Posidonia austraLis and hnphiboLis anta.rctieq,

(Davies, 1970). The wide intertidal and sublittoral flats nostly devoid

of seagrass extend seaward fron the high water mark until the seagrasses

form extensive meadows. P. LatisuLcatus juveniles are found predominantly

on the bare sand flats (Slack-Snith, 1969b).

3.3.2 Biological environment of juvenile Penaeus LatisuLeatus ín South
Australia.

King (1976) found the nursery areas of P. LatísuLeatus in South
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Australian gulf hraters to be usually associated with the nangrove

AUicennða morina although there are some aleas where large numbers

of juveniles occur but nangroves are not present. The nursery areas

are however, invariably associated vtith seagrass beds usually doninated

by Posídonia austz.aLis and ÆrcphiboLis antarctiea.lhese findings are

consistent $rith the results of ny trawling presented in the previous

section, which showed that juvenile P. LatisuLeatus were present in

Coffin Bay, Venus Bay, Streaky Bay, Smoky Bay and Denial Bay a¡d that

seagrasses were present in each of these bays, and that mangroves hrere

present in all but Coffin Bay. The distribution of mangroves in

South Australia has been napped by Butler, Deepers, McKillup and Thornas

(1977) and is shown in Figure 6 along with the distribution of juvenile

P. LatisuLcatus (King 1976) and the distribution of seagrasses

(Shepherd and Sprigg, 1976 and Shepherd pers. conrn) . Womersley and

Thomas (1976) have described these coastlines as sand and nud flats

usually backed by rnangrove woodlands, with Zostez,a maenonata patches in

the lower eulittoral areas, Heterozostera tasmanica growing rnore

extensively below this and in the sublittoral area Posidonia austTaLia'

forming extensive rneadows. According to Womersley and Thonas (1976)

PosiÅ.onia austz,aLis is the nost irnportant prinary producing plant in '

these areas.

From collections of juvenile prawns nade in the waters around Torrens

Island,some observations on the distribution of juvenile P. LatisuLcatus

within the seagrass-mangrove systeln can be nade. Throughout 1973 to

1976 juvenile prawns for experimental use were trawled by the nethod

described in section 3.2.1 and although no fornal catch data were

kept it was noted that the najority of prawns were trawled fron areas-

of bare sand rather than over patches of seagrass, and that prawns were

most abr.ndant in depths of % to 1.m. Mangroves are present around most

of the perimeter of Torrens Island and occur extensively on the eastern
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shore of Barkerrs Reach, especially to the north. Thus in both South

Australian and Western Australian waters the nursery areas for

juvenile P. LatisuLeatus are usually bounded on the landward side by

stands of the mangrove AUieervtia matirn and on the seaward side by

seagrass beds. However, the inportance of these flora as determinants

of the distribution of juvenile P. LatisuLcatus is difficult to assess.

3.3.3 Discussion

The inportance of nangroves to the prawn and scale-fish fisheries of

Florida has been stressed by Heald and Odun G972). Animals inhabiting

the estuarine system are dependent on an input of energy in the form of

vascular plant detritus from decaying nangrove leaves. Penaeid prawns

are amongst the relatively few species which are critical links in the

mangrove detrital food chain (Heald and Odum, L972). It is not only the

mangrove leaf detritus that is thought to be an important food itern,

but the rich epiflora of fungi and bacteria which develops on the

decaying leaves, that is ingested by the detrital feeders. Dall (1968)

has suggested that nany Australian penaeid prawns are prinarily detrital

feeders. Moriarty (L976) has ,hotn that Metapena.eus bennettae is

capable of digesting and assinilating bacteria and algae that are

ingested along with detrital naterial. Moriarty (L977) has further

described the prawns M. Bervtettae, Perw,eus plebeius, P. escuLentus

and P. menguiensís as opportunistic onnivores, not fitting into any

strict trophic category but nainly feeding on micro-organisms and on

other aninals that feed on micro-organisms.

The role of mangroves and seagrasses in the ecology of juvenile

P. LatisuLeaá¿zs seems to be that of a prinary source of organic detritus.

It is this detritus and its associated deconpositional epibiota of

lì
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êt1-gae, fimgi, bacteria, protozoa and nematodes, which is thought to be

the najor food of juvenile pravms. The sand and nud flats support

a rich flora of microscopic algae, and a prolific but inconspicuous

fauna. It is on the shallower flats, before the seagrasses develop

into dense extensive meadows that nost juvenile P. LatisuLcatus

seen to occur.
(,,

Butler, Deepers, McKillup and Thonas (1975) are of the opinion that the

contribution to the organic detrital food chain rnay be substantially

greater from seagrasses than fron mangroves in South Australian

waters. This is because the seagrasses are more extensive and have a

longer growing season than the mangroves. This same situation has

been found to be the case in Westernport Bay, Victoria (an environment

similar to that of the South Australian Gulfs), where seagrasses

provide a much greater proportion to the organic detritus than do

mangroves (Attiwill and Clough, 1975). Young (1975) is of the opinion

that nangroves are not as inportant in the ecology of juvenile Penq.eus

pLebejus in Moreton Bay, as are seagrasses although the detritus

produced by mangrove leaf fall may be of sorne importance.

Shelter fron predators has been suggested as another resource offered

to juvenile penaeid prawns by both nangrove and seagrass environrnents

(Hoese 1960 , Parker 1970). This rnay apply to those species which

inhabit the actual seagrass beds or which live arnongst the pneunatophores

of mangroves. Most juvenile P. LatísuLcatus, however, have been

trawled from the more barren region between the nangroves and the

seagrass beds. These sand and mud flats offer little protection

fron predators. One of the rnajor predators of juvenile P. LatisuLcatus

in South Australian waters appears to be the fiddler ray Trygonorhina

faseíata gatmeríus Whitley. Several fi-ddler rays caught near Barkers Reach
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during 1976 had stomachs filled exclusively with juvenile P. LatisuLcatus

(Browning, pers comm). The fiddler ray is very conmon in South

Australian r1'aters and is often seen on the sand and nud flats in

relatively shallow water (Scott, Glover and Southcott, L974), and

so predation by this species rnay be quite high.
tJ

3.4 SUBSTRATES AND SEDIMENTARY ENVIRONMENT

Willians (1953) pointed out the importance of substrate t¡re as a

factor in the distribution of penaeid prawns. In a series of

laboratory experinents he found thatPenneus duoraltnn preferred a

sand-shellgrit nixed substrate while P. aztecus and P. setifenus

were found ¡nost often on sandy nud, muddy sand or loose peat substrates.

Hughes (1966) found that P. índicus preferred a nuddy rather than a

sandy substrate.

I{rhile conducting trials for a daylight sarnpling device for juvenile

P. LatisuLeatus in Shark Bay, Penn and Stalker (1975) caught more

juveniles on a fine silty sand substrate than on coarse sand. The

sediments of the Wooramel seagrass bank forming the najor nursery

areas for juvenile P. LatisuLcah,Ls ín Shark Bay (fig.6) are described

by Davies (1970). T?re sediments are mainly biogenic carbonates but

include admixtures of terrigenous detrital quartz grains. In the

sublittoral environment, skeletal fragments of encrusting foraniniferans

and coraliine algae characterize tli.e sedinents, which may contain

up to 30% by weight of fine silt-sized skeletal fragments of

magnesium-calcite conposition (Davies, 1'970)

The sedimentary environment of the shallow banks in the northern part

of St Vincent Gulf is very similar to that of Shark Bay. Sedinents
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consist largely of carbonate skeletal detritus from encrusting coralline

algae, bryozoans and foranr-iniferans, together with aragonite and

quartz grains (shepherd and sprigg, 1976). Although no extensive

research has been carried out on sediments of Spencer GuIf it is likely

that sediment tlpes would be very similar to those in St. Vincent GuIf.

fl¡is is supported by tþe facE that the carbonate-rich sediments of the

mangrove comnmnities in norbhern Spenòer and St. Vincent Gulfs have been

caLegori-zed together as "gulf type" sediments by Butler et aI. (L977).

3. 5 H1DROLOGICAL ENVIRON¡{ENT

3.5.1 fntroduction

Tkre vast majority of penaeid prawn species are marine except that during

the younger stages they migrate to creeks, backwaters and estuaries.of

varying satinities (Panikkar, f968). The imporbance of estuarine

ecosystems to juvenile stages of penaeid prawns has been well attested

(Newell- and Barber, 1975; Young, 1975). In the Gulf of Mexico, juvenile

Pens.eus duoratwm, P. aztecas and .P. setiferus are aI1 found in estuarine

areas (Hoese, 1960; Loesch, 1965I. Juvenile P. monod.on' P. índ.ícus'

Metapenaeus dobsoní Miers, M. affinis Milne Edwards, M. monocenos and

14. bz,eui.iotmis l¡ilne Edwards are all found in estuarine and brackish waters

along the Indian coast (Mohamed, L97Qa, b¡ George, I97Oa, b, c, d). In

Australia¡r \n/aters juveniles of Penaeu merguiens'Ls' P. pLebeius'

Metapenaeus bennettae and M. macLeaA¿ inhabit estuarine waters (DaI1,

1958; Racek, 1959) -

Many authors have noted that juvenile ¡>enaeid pravrns appear to be more
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abundant in low rather than higher salinity waters. For example

George (-op. ci-t) and Mohaned (op. eit.) found that juvenile prawns in

Indial waters v¡ere prevalent in estuaries and brackish waters of

frreduced salinityrr, and Lindner gnd Cook (1970) found juvenile P. setiferus

in estuaries of trrnoderate to loui salinities.f' Racek (1959) found

P. pLebejus and Metapenaeus maeLeayi in low salinity estuaries.

However, relatively few authors have determined the actual salinities

of the waters inhabited by juvenile prawns. Cook and Lindner (1970)

found juvenile P.azteeus most abundant in salinities from 10 to 20eoo,

Dall (1958) found that smalL Metapenaeus bennettae occurred in salinities

less than 2ge- and Ruello (L973) for¡nd M. macLeayi mote abundant in

salinities less than 20eø

The role of salinity in deternining estuarine nursery areas for juvenile

penaeid prawns has been investigated in more detail in the Gulf of

Mexico but the results and their interpretation have been somewhat

contradictory. Gunter (1950) found that 54% of juvenile P. setí'ferus were

caught at salinities less than 15%o and that P. azteçus and P. dttoz'arum

(not differentiated as separate species) were more abundant at

salinities between L5 to 2Oeø. Gunter and Hildebrand (1954) noted that

the very young P. setífez,us go into waters of very low salinities and

are quite conmon at salinities of 5%"and Iess. They found a direct

relationship between salinity and size since the juvenile prawns

progressively move back towards the sea as they grow larger. Thus

the larger prawns are not found in these very low salinities. Gunter

(1961) is of the opiníon that the optintun salinity for growth of P. setiferus

is below 10%"but that f'small shrirnp are not killed or precluded fron

higher salinity as if it were poison; they sinply do not do well in

it. rr Hoese (1960) is at disagreenent with Gunter (1950) and Hildebrand

and Gunter (1955) concluding that "salinity in broad ranges is

L
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inconsequential to young shrimprr. His data however, are not comprehensive

and record only several hundred P. setiferus frorn waters between

19 and 26%"salínity along the gulf beach of Texas. Furthermore they

relate to a region that is not the nursery area of P. setífenus.

The nursery areas are in the bays, inlets and lagoons, as Gunter

(1961 a)points out and it is likely that the prah¡ns Hoese (1960)

recorded had just left these nursery areas on their seaward nigration.

Another study which proposes that salinity is not an important factor

is that of Parker (1970) who studied the distribution of juvenile

P.aztecus in one estuarine systen (Galveston Bay, Texas), and fro¡n his

analysis of the data concluded that salinity was not important in the

distribution of this species, although the data do, suggest tåat

there were more prawns in waters of lower salinities.

Gunter, Christnas and Killibrew (1964) studied the relationship between

salinity and the distribution of juvenile P. setiferus, P.azteéus and

P. duoy,ayum. Combining the results of three wide-ranging surveys of

all estuarine areas, inlets and coastal lagoons along the Texas

coast they found that the lower salinity linit to the distribution of

P. setiferus was O.42e"o a¡d that the juveniles were most abundant

in waters of salinity less than 10%" . The lower salinity linit of

P. aztecus was found to be 0.99ooand juveniles of this species were

most abundant at salinities between 10 and 20%.. P. duorarum were

never toîU in waters of salinity less t}:.an 2.5e,s and over 95% were

found in waters of L8eooand higher.

In relation to the Australian species of penaeids, Kirkegaard (1975)

proposes a classification of life cycles into three types: whol1y

estuarine, wholly marine and nixed cycles. Metapenaeus bennettae is

the only species restricted to a wholly estuarine life cycle. The
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mixed cycle is typical of penaeid prawns and is represented by Pena.eus

eseuLentus, P. pLebejus, P. merguiensis and Metapertaeus maeLeayi.

Penaeus semisuLeatus and P. LatisuLeatus are described as having wholly

marine life cycles although P. LatisuLeakts ís said to have a wholly

marine cycle in sorne areas, such as Shark Bay, and a mixed cycle in

other areas. The rnixed cycle is presuned to hold.for juvenile P. LatisuLeatus

that have been found in some estuaries in southerî Westetn Australia.

However, the salinity of the water in which they were found is not given

(Lenanton 1974) and although Penn (197b) refers to these areas as

ttlow salinity estuariesrrhe gives sorne indication that salinities in

these areas rnay become hy¡lersaline during the sunmer. In proposing

a wholly narine life cycle for P. LatisuLcatus,Kitkegaard (1975) makes

no mention of the salinity of the habitats occupied by juvenile

P. LatisuLcatus in South Australian and Western Australian waters.

The najor nurseïy areas of P. Latisulcatus in Western Australia are

in Shark Bay where juvenile stages up to 25mm carapace length are

found along the extensive hypersaline shallow banks of the eastern

and southern shores of the embayrnent (Slack-Sníth, 1969b)(see fig.

6) . Juveniles are found throughout the year ' with the greatest

apparent abundance occurring in surnmer when salinities would be the

highest. Isohalines of sunmer salinities in Shark Bay during 1965

(fron Logan and Cebulski, 1970) are shown in Figure 7 and it can be

seen that the salinities over the major prawn nursery areas range between

40%.and 60eø, The region covered by this salinity range is referred to

as metahaline by Logan and Cebulski (1970) in contrast to the highly

hypersaline area to the south, and the oceanic region in the northwest.
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3.5 2 Salinities in Penaeus LatisuLeaúz.ts nursery areas in South
Australia.

In South Australian waters the rrajor nursery areas of juvenile

P. LatísuLcat'Lts occur at the heads of St. Vincent and Spencer Gulfs

(fing, 1976). Chlorinities of coastal waters in South Australia have

been deterrn-ined by Thomas urrd"Ed*ond" (1956) v¡ro found that especially

in the gulfs, salinities are strongly influenced by high local

evaporation, low rainfall and s¡nall- surface run off, resulting in

high salinities at the heads of the two gulfs. Sunrner salinities at

Pt. Augusta, at the head of Spencer Gulf are up to 48.58o. while at

Port Wakefiel-d, at the head of St. Vincent Gulf they reach up to 47%o.

Summer isohalines in Spencer and St. Vincent Gulfs (from Bul1ock, 1975

and. Bye tL976) are shown on the map (fig. 8).

Although indicating the trend of increasing salinity towards the heads

of the gulfs, the isohatines shov¡n in Fig. 8 lack resolution in the

shal-lower coastal bays and backwaters that are the major nursery areas

for juvenile P. LatisuLeatus. A considerable amount of data on

salinities of inshore waters, mainly Barkers' Reach in St. Vincent

GuIf (fiS. 9) have been collected from various sources and from my own

deterrruinations.

In a previous study (Zed , ),972) salinities of the waters adjacent to

Torrens fsland, a region knov¡n to be an importance nursery area for

juvenile P. LatisuLcatus ín St. Vincent Gul-f (l¡. King, pers. coltrn.) were

measured. Ttris study v¡as expanded by Neverauskus (1977) and Leonavisius

(unpublished) who sefected the nine stations shown on fig. 9 at which-salinities

were measured during L974 and -l-975. In order that the data be comparable,

subsequent salinity determjlations made by me in this region we.re made
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at sone or all of these nine stations.

Salinities of surface and botton hraters ranging in depth fron 0.5 to

about 2.5n were measured in situ with a Hamon Autolab nodel 602

portable tenperature - salinity bridge calibrated against seawater of

known salitlity (I.A.P.O. Standard Seawater Service,'Charlottenland

Slot, Þrunark, Salinity 35.000e"à, and are presented in appendix A.

Salinity data fron other acknowledged sourcesare also presented there.

Fron this data Table 3 showing sunmer salinities in the waters adjacent

to Torrens Island has been prepared. 0n several occasions salinities

were neasured at Pt. Broughton, an inportant prawn nursety area in

Spencer Gulf, and the data ate listed in Table 4.

Table 3 shows that summer salinities in the sheltered waters of Barkerrs

Reach (fig. 9) which is an inportant prawn nursery area may be up to

47.9eoq whereas the sumner isohaline at this position in St. Vincent

Gulf (fig. e) is shown as 37e,n The salinities 37.\eo"and 37.3%omeasured

at station 7 in January L973 and April 1,974 nay be characteristic for

this station since it is situated at the seaward extrenity of Torrens

Island, or they rnay be lower than normal due to the heavy rainfall in

1973 and 1,974 (see section 5.4.2). Sinilarly at Pt. Broughton winter

salinities of 43.3eoohave been measured whereas the sunmer isohaline

through Pt. Broughton is shown as 40e^,

These discrepancies exist because isohalines are based on salinity

readings taken offshore in deeper hrater. In the sheltered inshore

regions where juvenile prawns are found salinities may therefore be

several patts per thousand higher than are indicated by the isohalines.

The salinity data in appendix A indicate that salinities nay fall to
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TABTE 3

SUMMER SALINIT IES OF WATERS ADJACENT TO TORRENS ISLAND

DATE

L9.3.72

t9 .L.73

t7.4.74

1s. 1 .75

3L.L.7S

11.2.7s

39.1

Stations as shown on fig 10, salinities in %o

3 MrD 4 s 6 7 S.A.

38.0

37.9

39.5 s9.2 39.3 40.6 40.3 39.6 39.s 4L.9

40.1

59.0 39.2 39.8 40.4 40.7 39.s 39.4 4L.9

1 2

U

TABLE 4

SALINITIES AT PT. BROUGHTON

DATE

tL.6.76

t9.7 .76

2.8.76

7 .9.76

14.t0 .76

SALINITY 8,

43.L

42.9

43.3

43.0

40. s
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low levels (e.9. 27.Seo"in upper Spencer Gulf during Septernber L973

and l8%"in Barkersr Reach during October, 1974). Although such decreases

in salinity may be important in the ecology of juvenile P. LatisuLeatus,

the low salinities occur in a localized nanner and are transient.

3.5.3 The a ical distribution of uvenile P. Lat¿suLeatus in relation
to sal l_n1 ty.

The distribution of juvenile P. LatisuLcatus in relation to salinity

is markedly different fron that of other, penaeid praü¡ns. The juveniles

of nost other species inhabit estuaries where the salinities are

considerably less than sea water (SSu) and in some cases have been

recorded from almost fresh water. Conversely waters in the nursery areas

for juvenile P. LatisuLcatus are usually never less saline than 35%" . In

the Shark Bay nursery area salinities vary geographicaLly fron 40%o

to 609o"and in Spencer and St. Vincent Gulfs fron 56 to 48%"or rnore. In

the Gulf of Carpentaria salinities reach 40eo"and according to Munro

(pers. conm.) one night expect the nursery areas of P. Latisulcaü,tsto

be hypersaline. No dataare available for salinities in other localities

where P. LatísuLeatus are found except for the Red Sea where salinities

higher than 40eo" occur.

The annual range of salinities in Shark Bay is about 5%" (Logan and

Cebulski 1970) and in South Australian coastal waters the range is

a rnaxirnurn of about 49oortêãT the heads of Spencer and St. Vincent Gulfs

(Thonas and Ednonds 1956). Thus the general hydrologicat environrnent of

juvenile Penaeus LatisuLcatus in South Australi-a and Western Australia

is hy¡rersaline, and in the terms of Kirkegaard (L975), the life cycle ._

of P. LatisuLeaú¿¿s should perhaps be classified as f rmixed h¡lersalinerr

rather than wholly narine. This would be in reasonable agreement with

Kinners (1964) use of the term "hypersaline" to describe waters between

40 - 80%
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The atypical distributíon of juvenile P. LatisuLeatus in relation to

salinity may have inportant irnplications for the rnigration, salinity

tolerance and osmotic regulation of this species. The nigratory

¡nechanism described by Hughes (1969b, t972) depends upon the response

of postlarval and juvenile prav¡ns in the Gulf of Mexico to sarinity

changes on ebb and flood lides. If such a mechanism was to explain the

innigration of postlarval P. LatisuLcatus ínto the nursery areas in

shark Bay and the south Australian Gulfs the responses to salinity

changes on ebb and flood tides would have to be reversed, since these

waters are hy¡lersaline to the inconing tidal hraters. The nigratory

mechanism for P. LatisuLeatus in shark Bay, described by penn (197s)

does not require any behavioural response to salinity changes and

nay therefore be of rnore general application. It night be expected that

in adapting to a hypersaline environment the tolerance of juvenile

P. LatisuLeatus tö high sarinities has become greater than that of

other penaeid prawns. P. LatisuLeaf,us nay also lack the ability to

survive at the low salinities tolerated by other penaeid prat^lns,

since they are generally found in waters at least as saline as

normal seawater (SSu"¿. Carpelan (L967) however, stresses that

aninals adapted to hypersalinity are generally also tolerant of 1ow

salinities and that in view of this, euryhalinity is probably

a conservative evolutionary character. P. Lat¿suLcatus may be to

some extent euryhaline but further adaptation to high salinities nay

have occurred to a greater extent than adaptation to 1ow salinities.

If this were so it could explain why no large populations of P. Latisuleatus

occur along the east coast of Australia where the sheltered inshore

areas are generally hyposaline estuaries, although isolated records of

individuals have been reported fron victoria, New south wales and

Queensland water.

I



-37 -
CHAPTER FOUR

T}IE SOUTTI AUSTRALIAN PRATN FISHERY AND THE DERIVATION OF

RECRUITMENT TO TTIE FISHERY

4.1 INTRODUCTION

In Septenbe'r L967 a fishery based on one species of penaeid prawn,

Penaeus LatisuLeatus was commenced in South Australia and by

early 1968 was well established, especially in Spencer Gulf.

ünder the nanagement policy of the Fisheries Branch of the South

Australian Department of Agriculture and Fisheries prahrn fishermen

must be licensed and are restricted to trawl within certain zones.

They are required to submit daiTy logs detailing catches, duration

of fishing and fishing localities. In addition monthly surnmaries

detailing the actual landings as recorded by the processing factory

are also required. The accuracy of estimates of daily catch nade

by the fisherman can be checked against the actual landings. Thus

a large amount of data on catches and fishing effort is now available.

(Appendix B). This data will be exanined hrith the ain of making

estimates of recruitment to the fished stocks for each year.

An examination of the data fron the Spencer GuIf prawn fishery

reveals narked seasonal fluctuations in the catch per unit of

standard fishing effort (Kg/hr trawled). The catch rate is high at

the beginning of the year, declining to a low leve1 during winter,

then rising again during spring (fig l0). Fluctuations in the St.

Vincent Gulf fishery are less obvious because the fishing is less

intense and because fishermen often avoid trawling areas where newly

recruited praþ¡ns are caught, or they return snal1 prawns to the

sea. In the West Coast fishery, fishing is often sporadic and in the

early years the grounds were not well known. Thus only data from

the Spencer Gulf fishery will be considered in the following discussion
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For stocRs of commercially fished species such as prawns the c/LJE

is a useful index of the size of the stock (Ricker, 1958; Royce, 196g;

cushing, 1975). one can assume that each standard unit of fishing

effort (in the case of the south Australian prah'n fishery this is

thr trawled) captures a fraction 'qt of the stock being fished. This

can be surunarized by the formula 
r)

C/UE = qD

where'. C/UE is the catch per unit effort

q is the catchability coefficient

D is the stock density .

clearly, variations in c/uE can be due either to variation in the

catchability coefficient tqt or to variations in the stock density

rDr. Changes in these factors will be investigated in the foltowing

two sections.

4.2 CHANGES IN TI{E CATCHABILITY COEFFICIENT 'q'

In most investigations of the population dynamics of exploited prawn

populations it has been assumed that the catchability coefficient

remains constant throughout the period of the investigation (Iversen,

L962; Costello and Allen , 7970; Kutkuhn 1966; Berry, 'J,g6g, 7g7I) .

Thus the C/[JE is used as a direct index of the population size.

However, Penn (1976) stTesses that variations in the catchability of

penaeid prah¡ns are probably the greatest problern in producing valid

population parameters for fisheries predominantly exploiting a single"

year class (such as the fishery for Penaeus LatisuLcattLs).



-39 -

Variation of catchability in a commercial fishery nay result from

changes in the intensity of effort applied to the fished stock

(Gamod, L964; White, 1975) or fron changes in an individual prawnrs

vulnerability to the fishing gear.

4.21 Changes related to fishing intensity

To test the possibility of any association between C/UE and effort

the data were first analysed to see if they were normally distributed

(Appendix C). The C/I.JE data were distributed in a skewed rnanner and

the effort data were irregularly distributed. Consequently a non-

paranetric RLJNS test (Sokal and Rohlf, I97 3) was performed on the

data. When the month to nonth trend in the catch per unit effort was

the same as that for the fishing effort, this was scored as a r+r.

When the trends were opposite a r-r was scored. There rvere no neutral

trends in the data. The nr¡mber of r+r and r-r are recorded below:

number of r+ t (Nf)

number of r-r (Ne),

number of RUNS (R) 52

Using the transformation:
R- 2N,N2

+

¿

rNz 
(2N;Nz -Nt -N2)

(N (N:*Nz- 1)

(Siegel, 1956), Z was form( to be 1.26 with a probabilíty of 0.21

The critical value of. Z at 5% level is L.96. There is thus no

significant correlation between the C/IJE and the fishing effort in

58
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the Spencer Gulf fishery. This can be seen fron Figure fl. Penn

(1976) also found that the catchability of P. LatisuLcal¿is is more

likely to be affected by changes in the vulnerability of the prahrns

to the fishing gear rather than by changes in the fishing intensity.

4.2.2 Factors affecting the vulnerability of prawns
l)

Changes in a prawnrs vulnerability to the fishing gear occur due to

behavioural and physiological changes affecting the activity of the

prawn, which nay be related to certain environmental stinuli. The

nocturnal activity of penaeid prawns has been well documented (Fuss

and Ogren, !966; Hindley, 7975; Hindley and Penn, 7975; Hughes, 1969a,b

L972) and one would expect the catchability of penaeid prawns to be

greatest during the hours of darkness. White (1975) has demonstrated

such short term variations in the catchability of the tiger prawn

Penaeus eseuLentus over a 24 }:'r. cycle. fenn (1975a) has demonstrated

the same variation in Penqeus Latisulcatus. Since P. LatísuLcatus

is fished only at night in Spencer Gulf, short term variation in

catchability due to day/night cycles do not exist in the data.

Many workers have attenpted to relate the behaviour of penaeid prawns

to lunar cycles (Racek, 1959). White (1975) suggests a relationship

between catchability of P. escuLentus, and lunar cycles, with the

biggest catches occurring at new rnoon and 1ow catches occurring near

and at fu11 noon. In the South Australian prawn fishery fishermen

consider trawling at the tine of ful1 noon unprofitable.

Since the data presented are derived fron totals of catch and effort

over one nonth, possible variatj-ons due to lunar cycles are lost fromt

the data.
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It has been suggested by Penn (1975a, 7976) that the vulnerability of

P. LatisuLcatus to the trawling gear is related to water ternperature

since tenperature is known to affect the activity of penaeid prawns

(Fuss and Ogren, 1966). Long term variations in the catchability of

P. escuLentus attributed to fluctuations in water temperature have

been denonstrated by White (1975). Williams (1969) has been able to

demonstrate a relationship between the sunnation of coastal air

tenperatures and the total catch of three species of prawns,

Penøeus duoratum, P. aztecus and P. setíferus. Good catches are

associated with warm years and it is suggested that this could be a

direct result of water tenperature on the catchability of these

species. Morgan (L974 ) found the catchability of the western rock

lobster PøtuLiv"us eAgnus to be positively correlated with hlater

tempeïature. The catchability coefficient for P. Latisulcatus in

Cockburn Sourd, Western Australia, has been calculated by Penn (L976).

He found that catchability increased during the spring and suggested

that the rise in water temperatures during this period was responsible

for the increased catchability. It is possible that the increase in

C/UE observed during the spring months before the najor recruitment

conmences in the Spencer Gulf prawn fishery is due to increased

catchabilrty of the prawns resulting fron increases in water temperature

NÍean weekly water temperatures in northern Spencer Gulf are listed in

Appendix D and show that v'rater temperatures increase from a minimun of

approximately 12oc in winter to a maximum of' approximately 24 or 25oc in

4.2.3 The rela between hrater temperature and catchability

sunìmer.

4.2.3.1 Introduction

It appears that in any further considerations of the catch per unit

effort data it will be necessary to take into accor-mt the probable



-42-

effects of water ¡enperature on the catchability of the prawns.

Catchability of prawns'is related to activity (Penn 1975a, 1976)

and so an experiment to deternine the effects of tenperature on

the activity of P. LatisuLeattts was carried out, and the results of

this experiment were later used to describe the catchability of prawns

in the fishery.

t.)

4.2.3.2 Materíals and nethods

The nethod of collection of prawns is described in section 3.27.

Twenty adult prahrns were collected fron the Pt. Broughton Prawn

Culture Centre and returned to the laboratory. Ten prawns were held

in each of two aquaria at constant tenperature (19oC) and salinity

(58 to 39eo), for one week. The substrate, filtration and aeration

and dimensions of the aquaria are described in section 6.2.t.

Constant tenperature was maintained by placing each aquarium in a

large thermostatically controlled constant temperature cabinet. Each

aquariun was lit for 72 hours each day by an 8w "dayliterr fluorescent

lamp, corresponding approxinately to the natural period of daylight.

The prawns r.{eïe feð, ad. Lib cornrnercial pellet type fish food on the

third evening. On the seventh night the activity of the prawns hras

recorded as the mean proportion of prawns above the substrate. The

prawns were counted ten times at random between the hours of 9.00 p.m.

and 10.00 p.n. Since even very short exposure to white light is

known to significantly reduce the activity of P. Latisulcatus (Hindley

and Penn L975), observations were made using an t¡nderwater divers

torch fitted with a red optical filter. The prawns were fed after

counting.

The temperature in aquarium A was then raised to 20.5oC and after

four days the activity was recorded as described above, the prar4rns
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were fed again and the tenperature was raised to 25.0oC. After a

further four days activity was again recorded. Concurrently the

temperature of aquariun B was lowered to 1.7oC, and activity at this

temperature recorded. The tenperature was further lowered to l-3oc ,

Because some of the prawns in aquarium B died during the experinent

the number of observations nade in the 9.00 p.n. to 10.00 p.n. period

was increased to bring the total rrpossible" counts to approxinately

100.

It had been planned to raise and lower the temperatures of the respective

aquaria by successive 2oC incrernents every four days, howevet, due

to nalfurctions in the constant ternperature cabinets this was not

possible and a final breakdown in the apparatus meant that the

experiment had to be terminated after the second set of activity

counts.

4.2.3.3. Results

The results obtained fron this linited experinent are presented in

Table 5. They clearly indicate" a trend of increasing activity as the

temperature increases. The regression of activity against the

natural logarithn of tenperature of the form:

a=blnT-c

was calculated and found to be:

activity = 0.68 1n T - 1.51.

The standard error of the regression coefficient rb I was found to be

0.0596, that of tc', 0.7725 and the coefficient of determination ,r2l



TABLE 5

ACTIVITY OF P. LATISULCAI\]S NÎ VARIOUS WATER TEMPERATURES

U

AQUARITJM WATER TEMP. OC 
NI.JMBER OF
PRAWNS

IN AQUARIUM

10

20.5 10

19 10

10

L7

L3

A

A

25

NI.JMBER OF

OBSERVATIONS
MADE

NI.JMBER OF PRAWNS

ACTIVE EACH

OBSERVATION

MEA}I
PROPORTION

OF ACTIVE
PRAII¡I{S

0 -910

0. 750

0. 660

0. 660

0. 563

0. 451

10

10

10

10

T2

L7

t 9
1

, 8, 10,9,9,
0

819 17 ,7 ,7 ,S17 ,
8.t8r9

8

7
, ,617 r817 r617,

9
9

Br6r617 ,6r6r6r5,

9
9

7
6

616

8

6

19

A

B

B

B

4 16 r5 r4 ,4 r5 r3 r5,
5r 5r 5r4

2 13 ,4 ,2 ,4 ,3 ,2 12,
3,3 ,2,2 ,3 ,4 ,2 13 12
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to be 0.6735. The significance of the regression coefficient is tested

turr 0 .0s96 = 11.2966.

The critical value of t(Ur) at the 0.001 level of significance is

3.460, so the regression is significant at this level.

4.2.3.4 Discussion

Although the data wel'e not extensive the regression of activity on

ln water tempeTature is highly significant (at the 0.1% level)

accounting for 67% of the variability of the data. Analysing the data

of Fuss and Qgren (1966) in the s¿Lme htay a regression of activity

of penaeus duoratwn on ln hrater temperature produced the equation

a = 0.71 ln T - L.43, a relationship very sinilar to that for

P. LatisuLcatus. The range of rnean monthly water, temperatures in

upper Spencer Gulf is fron approximatel'y 12.so3 to approximatety 25.5oC (Appendix D

and this range is alnost covered by that of the ex¡lerimental tenperatures.

Since activity hlas measured as the proportion of unburrowed prawns

at each experimental temperature, this can be related to the fishery

situation. Unburrowed prawns are obviously vulnerable to a net

being trawled across the substrate whereas deeply burrowed prawns are

not vulnerable to the net. The catchability will therefore be assuned

to be directly proportional to the activity and thus

g = o< a = o<(0.68 ln T - 1.31).

where o< is a constant of proportionality, the value of which cannot be

determined from the existing data. The validity of this expression as

6B0
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a description of catchability of P. Latisulcatus in the Spencer Gulf

fishery can be investigated after allowance has been nade for the

effects of growth on the C/I.JE figures and estinates of nortality have

been nade.

4.3 CHANGES IN TTIE STOCK DENSITY IDI

Changes in the stock density D can be assigned to the four variables

nigration, growth, nortality and recruitment. Tagging experinents

conducted by King (pers. conm.) suggest that the Spencer Gulf fishery

is a closed system. Prawns tagged in the northern part of the Gulf

generally move in a southerly direction. However, out of nany thousands

of prawns tagged and released in Spencer Gulf, none have been recovered

outside of the Gulf, although a high percentage of the tagged

prawns have been recovered in the gulf. Since the C/I.JE data is fron

the whole of the Spencer Gulf fishery the effects of nigration of prawns

within the gulf can therefore be neglected. The effects of the remaining

three factors will now be discussed.

4.3.7 Growth

The C/[JE data are expressed in terns of Kg of prawns trawled per hour

of trawling. A given nurnber of prawns caught at the beginning of the

year will weigh less than the sane nrmber caught at the end of the

year. Thus the catch rates are biased throughout the year by the

continued growth of individual prawns.

Prelininary estinates of growth rates have been calculated for

Penneus merguiensis,P. escuLentus and P. pLebejus by Lucas (1975).

The rates were all very similar, being rapid for the first few months,

then leveling out for the remainder of the year. some data
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areavailable on the size distribution of prawns from month to nonth

in Spencer Gulf (King, 'tg76). 
The mean size of prawns fron Spencer

Gulf fron ¡nonth to nonth has been derived fro¡n the size frequency

data of King (1976) and is shown in Table 6.

In order to convelt these mean calapace lengths to weights,, a length

weight relationslilp for P. LatisuLeatus was derived. A total of 200

prar{rns were obtained fron a conmercial prawn fishernan at Pt. Adelaide

at various tines during L973 to avoid seasonal bias (Fontaine and

Neal,1971) . The carapace length of each prawn üias measured to the nearest

nm. and the wet weight to the nearest 0.1 gn was deternined (Appendix

E). A linear regression between log carapace length and 1og wet weight

for nale and fenale prar4rns conbined was calculated and the relationship

was found to be

Log wt - -2.1508 + 2.2804 1og CL

confidence linits at the -5% leve1 were found to be:

- 2.LsoB ! O.ngo

+ 2.2804 1 o.ogoo

coefficient of determination (r2) = 0.9490

Although Fontaine and Neal (1971) found snall differences in the

Iength/weight ratios of nale and female penaeid prah¡ns the snall sanple

size in this case does not pernit the calculation of separate length -

weight relationships for male and female P. LatísuLcatus. However,

from the distribution of carapace lengths and weights (fíg1.2) and

the high coefficient of determination of the conbined sanple it is

likely that there is no rnajor difference in the length-weight

relationship for males and females. The same relationship between

carapace length and weight is assumed to appty in Spencer Gulf. Thus

the size data transformed to weights is shown in Table 7. Since the



TABLE 6

MEAN CARAPACE LENGTH OF P. LATTSULCA?AS IN SPENCER GULF

I\ONTH

dMean Cl.mm

g Mean Cl.mrn

Mean Cl .mm

Mean Carapace length (nearest 0.1 nn)

JFMAMJJASOND

25.7 26.9 27.9 31 .6 s2.7 34.2 33.3 34.3 34.6 34.3 33.4 28.6

28.0 29.4 s0.4 34.3 36.8 36.2 38.7 39.9 4L.3 38.7 38.4 32.7

26.9 28.2 29.2 32.9 34.8 55.2 36.0 37.L 37.9 36.7 3s.9 30.7

TABLE 7

MEAN NET WEIGHTS OF P. LATISALCAIU^9 IN SPENCER GULF

rj

MOI{TH

óMean Wt sm

Q Mean Wt En
f

Mean Wt sm

Mean weight (nearest 0.1 gn)

JFMAMJJASOND

I2.2 t3.5 14.6 19.5 27.0 23.3 21.9 23.5 23.9 23.7 22.1 15.5

74.8 L6.s L7.8 23.s 27.5 26.s 30.9 33.1 5s.B 31.3 50.3 2L.0

13.5 15.0 16.2 2t.s 24.3 24.9 26.4 28.8 29.8 27.5 26.2 78.3
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sex ratio is 1:1, the mean of the nale and fenale weights is the

mean weight of an individual prawn in each nonth.

It is now possible to convert the catch per unit effort figures fron

Kg/hr trawled to numbers/hr. trawled using the mean weights of prawns

from nonth to nonth. This conversion nakes: the assumption that the

mean nonthly weights remain the sane frorn year to year. This assunption

is not strictly correct since King (pers. conm.) has evidence that

while growth Tates are sinilar from year to year the phasing nay be

out of tine by a few weeks. Without ernpirically derived size distributions

for each year the strict conversion of weights to numbers cannot be

made. However, for the purposes of this investigation the conversion

using the assumption that the size distributions are si¡nilar from year

to year seems reasonable as it makes allowance for the growth of prawns

frorn month to month. No accuracy is lost since the weight caught per

hour each nonth is divided by the same mean weight each year to obtain

the numbers caught per hr. The advantage is that for no loss in

accuracy the effects of growth during the year can be largely elirninated

fron the data.

The catch per unit effort data, transformed to numbers caught per hour

trawled according to the above reasoningare set out in appendix F'

and áre shown in Figure 13. The large peaks in catch per unit effort

at the beginning of each season, the sharp decrease to low levels

in winter and the rising values of catch per unit effort in spring

are made nore apparent in this data.

4.3.2 Mortality

Estimates of the instantaneous total nortality of praÌ{ns in the Spencer
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Gulf fishery for each year can be nade by solving the exponential

nortality equation:

-ztN, = N e-DO (Ricker, 1958) where

N^ is the number of prawns at ti¡ne o
o

Nu is the nurnber of prawns at tine ú
x

t ís the lapsed tine

Z is the instantaneous total nortality coefficient

Catch per unit effort (C/UE) will henceforward be abbreviated to C.

Since

and

therefore

therefore

C = eD where D is

N = AD where A is

c=qx*

t¡=!xAxcq

the density of prawns

the area fished

where thexA xc *.-ztoo

The instantaneous nortality equation can thus be expressed as

I x A, x C, = 1

9¡ -D T q,o

subscripts ú and o denote the values of catchability tqr, area

fished rAr and catch per unit effort rCt at tines t and o respectively.

Since hre are considering the fishery in Spencer Gulf as a closed

systern the area fished is considered constant so A, and Ao can

be cancelled from each side of the equation leaving:

e -zt
o

CL
q,o

ctI
q.t

q
t Ce

o
o'o

ctOT -zt
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e+
The factor ;! cawrot be cancelled from the equation unless qt = io.

o,o

Most of the previous investigations of the dynamics of exploited

prawn populations have assurned that catchability remains constant

or in other words that q, = qo (Iverson, t962; Costello and

Allen 19?0; Kutkrfin, 1966; Berry, 1969, I97I). However it can

be seen frorn the discussion in section 4.2.3 tlirat the catchability

coefficient tqt i-s not constant and that allowance must be nade

for the effects of water temperature on it. Therefore, to solve

the exponential nortality equation fot ttZtt Co and Ct are chosen

at tine'o'in the beginning of the season and time 
tt 

later in the

season before the next recruitment when water tenperature is the

same as at tirne to'.Under these circumstances qo and q, are
Q+

assuned to be equal and thus í = 
' 

and the nortality equation becomes
'o

-Zt and can be solved for ttzt
c e

For exanple the nortality rate in 1968 is calculated thus:

ct =Ceo
-zt

therefore -zt, ct
C

o

nCt - ln C,

(lnCr-lnC¿)

e

Choosing Co as the catch per r:nit effort during April and C, as

that during Novenber, when the water temperatures were sinilar

(table 9), the instantaneous total nortality tzt in 1968 is found

to be:

1

z = i (rn 50e5.6 - ln 2s34.4)

= 0.0998 per month, or 0.0249 per week.

t =f, o

therefore

therefore

-Zt=I

Z
L

T
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Sinilarly, mortality rates for the years 1969 through to 1975

have been calculated and are presented in Table 8.

For all years except 1972 and t975, rnortality was estimated over

the period April to November, since water ternperatures h¡ere

sinilar (approximately 20oC) during these two rnonths (Appendix D).
[)

During 7972 and 1975 sinilar water temperatures of about 21oC

occurred in Mafch and November (Appendix o)so nortalities hlere

estimated over the period March to November for these two years.

The expression of nortality as rates (per nonth or per week)

assumes that mortality is constant throughout the season.

Mortality is not likely to rernain constant, however, the estimates

are valid if the period April to Novenber or March to November,

as the case may be, is considered as one rmit of tine. Expressing

the nortality as monthly or weekly rates thus gives a value of Z

which is the average nonthly or weekly value over this period.

The values of Z obtained for the Spencer Gulf population of

P. LatisuLeatus are all reasonably consistent with those obtained

by (Penn 1975, L976) who fotnd fron tagging experinents the range

of weekly nortalities from 0.029 to 0.043 to be a realistic

indication of the range of rZr values likely to occur in an

exploited population of adult P. LatisuLcatus.

4.3.3 Recruitment

4.3.3.1 Models of catch per unit effort in the Spencer Gulf prawn

fishery.

Since recruitment of P. LatisuLcatus is an annual event having its



TABLE 8

IvIORTALITY RATES 0F PENAEUS LATISALCATAS IN THE SPENCER GUIF FISHERY

l'

I

I

I

,

I

I

t) Tota1 instantaneous mortality rate ('Zt)

*

YEAR.

1968

L969

t970

t97L

L972

t973

L974

197s

PER IONTH

0.0998

0.0828

0. 1502

0.0933

0. 0925

0.L264

0.L228

0.L424

PER WEEK

0.0250

0.0207

0.0398

0.0233

o.023t

0. 0316

0. 0507

0. 03s6,f

* Calculated over the period March to November
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peak in the early months of the year (King, L976) changes in the

catch per unit effort during aîy year should be due largely to

mortality of prawns and to the effects of htater temperature on

the catchability. (Possible effects of other factors on the catch

per unit effort have been discussed and accounted for in the

previous sections). In order to test this hypothesis a model of

the catch per unit effort of P. LatisuLeatus ín Speircer Culf

assuning constant catchability, and a nodel which allows the

catchability to vary according to the observed l{ater tempelatures

in Northern Spencer Gulf will be compared to the observed data

on catch per unit effort.

Both nodels are based on the assumption that the prawn population

follows an exponential decline due to nortality at the rates

derived in section 4.3.2. These rates were estinated from two

values of the catch per unit effort chosen at times of each year

when the h¡ater temperature was sinilar.

This does not inply prior acceptance of the tenperature compensated

*od"t since if tenperature has no effect on C/uE, then C, and C,

chosen at any two times (including tines when tenp. is equal)

will provide a valid estimate of the nortality. However, if

temperature does affect catchability then Co and C, chosen at

different temperatures will provide over estimates or under

estimates of the true mortality. Since the same nortality rates

must be used in both models, derivation of the rate frorn Co and

C, when temperatures are equal must be used since this will be

consistent with both rnodels.

The predicted values of catch per unit effort for the constant
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catchability model are obtained by evaluating the equation:

ct -zt
e

o
c

9¿

qo

assuning that q, = qo

and that therefore

therefore Ct

I =oca

q =<(0.68 ln T - 1.51)

9¡
q,o

1

f.) c .-zt
o

Values predicted by the temperature conpensated nodel are obtained

fron the expression:

a=0.68 lnT-1.31

relating the activity of P. LatisuLeatus to water temperature which

was experirnentally derived in section 4.23. It was proposed that

this expression could be used to describe the catchability of

pravrns if catchability was directly proportional to activity.

Thus:

therefore

therefore

therefore

9¿

q.o

9¿

qo

o< (0.68 ln T - 1.31)
+u

"<(0.68 1n T, - 1.31)

0.68 ln Tt - t.37
0.68 ln To - I.37

From the data on mean weekly seawater temperatures in northern

Spencer Gulf (Appendix D), the mean nonthly seahlater temperatures

have been calculated and are presented in Table o2. These temperatures

can be substituted into the expression

0.68 ln T - 7.3r+u_%
q,o 0.68 lnT -1.37o
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Q+
to obtain estimates of the ratio -" for each nonth.

o,o

Assr:rning that the population is at its peak and that there is

little further recruitment, time o each year is now chosen as the

nonth in which the observed catch per unit effort is highest.

The subseguent predicted catch per

the constant catchability model),
Q+ .7+

product --' C^e-o" (the ternperature compensated nodel) are shown
o,o

in Appendix F. From these and Figures L4 to 2I ít can be

seen that the values predicted by the tenperature compensated

variable catchability model fit the observed data much better

than do those predicted by the constant catchability nodel.

Values predicted by the latter nodel are generally substantially

higher than the observed catch per r:nit effort, particularly in the

winter nonths. Those predicted by the former model, while

generally a little higher than the observed data in the winter

nonths, are much closer to the observed catch per unit effort.

The sums of squares of the difference between the observed data

and the data predicted by both rnodels, and the percentage

reduction in the sums of squares brought about by the inclusion of

variable catchability has been calculated and is shown in Appendix F.

Unfortunately the statistical significance in reduction of the

sums of squares of the difference between observed data and values

predicted by the ¡nodels cannot be tested, since the statistical

theory required to treat this particular ty¡re of data has not

been developed (P. Leppard, pers. comn.).

However, the percentage reduction in the rrerrort' sums of squares is

quite high in rnost years, the highest being 90.03% ín Lg72 and the
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lowest being 55.74e" in 1969. The rnean reduction is a quite

substantial 80 .32%, and the reduction cornbining data from all

years is 85 .4Oeo. It is therefore rnost likely that the tenperature-

nediated variable catchability nodel sufficiently accounts for the

variation in observed catch per tmit effort throughout each yeaT'

although no estimate of statistical significance of the goodness

of fit of this nodel can be tt¿3.

4.3.3,2 Estinates of recruitrnent

Having established a nodel which sufficiently accounts for the

variation in catch per turit effort of P. LatisuLeatus in Spencer

Gulf throughout each year, it can now be concluded that the

sharp increase in C/UE observed at the beginning of each year is

due nainly to the recruitment of plawns into the fishable stock.

Recruitnent is thus the difference between the nunber of prawns

at the peak of the population and the resíd.ual number at the end

of the previous season. From Appendix F (observed catch

per unit effort) and fron Figures 14 to 22 it can be seen that the

peak in catch per unit effort varies from year to year. This

variation reflects variation in recruitnent from year to year.

It is possible to estinate an index of recruitment in Spencer Gulf

for each year frorn the exPression:

ft= Npeak - Nt'esiduaL

where N 
"_ 

is the nrmber of prawrts at the peak of the population
peaK

N .1 , is the residual number of prawns at the end of the
TesLduaL

preyious season.
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R is the nt¡nber of prawns recruited.

Nyesidual will be taken as the number of prawns remaining at the

previous November, since recruitment generally increases fron a

low level in Decenber (King L976) and reaches its peak in March

or April. N - occurs when the observed catch per unit effort' Peak
is highest. Thus:

R=N
peak Nou

N

and since t¡ = lx A x C
q

(Ricker 1958)

peak

R=l -xAxC .-l xAxC
9,peak peck ïnott. noü.

In the previous section it was established that the expression

q = 0((0.63 ln T - 1.51) was an acceptable estimate of the

catchability

1 1
therefore ft = xAxC xAxC

c{ (o. 68 - 1.31)
eak

o<(0.68 ln T

C
noD

- 1.31)lnT
p

710i
nou.

c
therefore Rff peak

O_.6rri T
pea.K

- 1.51 0.68 ln T - t.sL
nou

Since O< is assumed to be constant and A is the area of Spencer

Gulf ff is " constant and R ff is tfrerefore an index of recruitment.

This index will be referred to as Rg.

The index \¡ has been calculated for each year and is presented

in Table 9.
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TABIE 9

RECRUITMENT INDEX FOR P. LATTSULCATUS IN SPENCER GULF

tJ

Year

1968

1969

L97 0

I97t

L972

1973

t974

1975

L976

Recruitment index R¡2

3806.3 - 5225.6 *

4L7.3

3746 .0

4443.s

2322.0

4241.L

3778.8

1t73.8

ßa7 .a

*The range of probable recruitment for 1968 is estinated fron the mean

of all available November C/UE values since no data for catch per

unit effort in November of 1967 are available

(Mean of Nov. catch per unit effort data = L763.1 :508.7)

,"I
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The mean recruitment from 1969 to t976 ís 3053 and the standard

deviation is 1557, just over 50% of the mean. These results show

that the recruitment varies widely fron year to year.

Recruitment h'as high in L97L, t73 and 176 and probably also in 1968'

the range of probable recruitnent for this year being 5806 to 5225

based on the mean value of the Novenber catch per unit effort since

d,ataare notavailable for the C/UE in Novenber of 7967. Recruitnent

u¡as very low in 1969, being less than l0% of. the highest value, and

again in 1975. Intermediate values were estinated for 1970, t72

and t74. Possible reasons for the variation in recruitment from

year to year will be discussed in the following chapter.
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CHAPTER FIVE

THE EFFECT OF RAINFALL ON THE RECRUITNIENT OF P. LATISULCATUS TNTO

T}IE SPENCER GULF FISHERY

5.1 INTRODÜCTION

It has been customary among fisheries biologists to relate the

recruitment to a fishery to the size of the adult stock, on the

ass¿nption that it is the abundance of nature spahtners which is often

of outstanding importance in the deternination of the nurnber of

pïogeny that become recruits to the useable stock (Ricker, 1958).

However the irnportance of the effect of environmental factors on the

survival of pre-recruitment stages of various fished stocks to the

subsequent recruitment has also been recognised by Ricker (1958) '

and by Cushing (1975). According to Ricker (1958) fluctuations in

recruitment fron year to year often show significant correlation

with one or more measured physical characteristics of the environment.

Cushing (1975) cites several exanples of relationships between scale

fish recruitnents and various environmental factors such as seawater

temperatures, salinities and wind strength and direction. Cushing

(1975) is of the opinion that the link between clinate and recruit-

ment is mediated through the natch or misrnatch of larval production

to that of their food, rather than via a direct effect of clinate on

the survival of pre-recruitment stages.

It is ny hypothesis that environmental factors, in particular

salinity, have a direct and significant effect on the survival of

juvenile P. Lati.suLcatt'Ls in the nursery areas in Spencer Gulf, and

thus have a najor role in determining the subsequent recruitment.
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In this section three possible najor determinants of recruitment

will be investigated. First, the h¡rpothesis commonly held by

fisheries biologists that recruitment is largely determined by the size

of the adult stock will be discussed. Secondly, water tenperature may

significantly affect recruitnent (Williams 1969). Ttre third hypothesis

is that salinity is the najor determinant of recruitnent of f,. LatisuLeatus.

Because of the difficulty in obtaining comprehensive rneasurements of

salinity over a wide area and a sufficient time scale, this last

h¡lothesis will require the development of a relationship between

salinity a¡rd the effective rainfall and the testing of correlation

between recruitrnent and effective rainfall.

It is possible that all three hypotheses can to a certain extent explain

the variation in recruitment of P. LatísuLeatus from year to year.

However, treatnent of the data as an analysis of variance or a rnultiple

regression would not be appropriate si¡ce there are only eight years for

which good estimates of the recruitment of P. LatisuLeattts are available.

Ricker (1958) and Cushing (1975) point out the dangers in applying

nultiple regression analysis to short series of data. Each of the

h¡rotheses will therefore be discussed separately, but neither is sfunple

regression the appropriate analysis since the independent variable (size

of the adult stock, v¡ater'temperatute, effective rainfall) is not under

the control of the experimenter (Sokal and Rohlf, L973). Possible

correlations between the above three variables and recruitnent to the

Spencer Gulf prawn fishery will be examined. Cushing (1975) warns

against the indiscrininate search for significant correlations between

recruitment and environmental factors, stating that if one looks

extensively enough a statistically significant correlation is sure

to be fourd, but its biological relevance may be difficult to assess.

This is because the factor found to correlate significantly with
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ïecruitment nay have no role in deternining recruitrnent but is

itsetf correlated to sone other variable that does determine recruitrnent

but which was overlooked by the investigator. For this reason I

have chosen to examine only possible correlations for which there is

an a priori biological reason to suspect a causal relationship

between the independent variable and the recruitment, or to treat

the data in a rnanner similar to that of other investigators who have

found biologically relevant correlations between praüm population

sizes and environmental factors.

5.2 THE RELATIONSHIP OF RECRUITIvIENT TO TTIE SIZE OF THE ADULT STOCK

The majority of juvenile P. LatísuLcatus are thought to overwinter

in the shallow nursery areas, (I(ing, l-9'76) so that most recruiünent in each year

is derived not frorn the mature spawners of the previous year, but from

those of the year preceeding that. Since most spawning occurs frorn

Novenber through the early srtrnmer months, any relationship between

recruitrnent and the aburdance of mature spah'ners will be apparent

as a relationship between the recruitrnent of year x and the abundance

of prawns in the November of year (x-2). To test this hypothesis,

the correlation coefficient between each yearts index of recruitment

and the appropriate Novenber index of abundance will be calculated as

fo1 lows :

Recruitment was defined in the previous chapter as:

R = Npeak-Nz'es'LduaL

and an index R¡¡(where f ) ttt estinated.
.:

Thus R =Npeok - Nresi&nL

or Rã = N. --".( - N .1 n%-'Ã -'peak A r¿esLdltaL T
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The Novenber abundance must therefore be defined in a conparable

manner to the recruitrnent index.

T
qSince NN* = xAxC

Nou

'-ànd q = o((0.681n T 1.31)
Nou Nou

NoD NNou
A
ã (0.68In T

Nou
1.31)

Nou

therefore N o( C

A
nov

Nou .68 lnT
Noa

ó

(or N¡¿ ¡¡ou)

and this is conparable to the recruitnent index R or nfl The index

of recruitment R51in year x and the index of abundance in Novenber of

year x - 2, Ngare shown in'Table 10.

The product-rnoment correlation coefficient rrr lr¡as calculated

according to the procedure of Sokal and Rohlf 1973)for the recruitment

years 1970 to L976. The recruitments of 1968 and 1969 are not included

in the calculation since no real estirnate of the Novernber index of

abundance is available for 1966 and t967. The correlation coefficient

frr was found to be 0.2589. The critical value of rrt at the 959o

1evel of significance for six degrees of freedom is 0.707, so the

correlation is not significant.

It seems therefore that the size of the adult stock has little influence

on the subsequent recruitment of P. LatisuLcatus in Spencer Gulf. In fact

the Novenber index of abundance does not vary greatly from year to

year (table 20; mean 2534, S.D. 552) while the recruitnent varies

c
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TABLE 10

PüCRUITMENT INDEX AI.ID NOVEMBER INDEX OF ABIjNDAI{CE FOR P. LATISULCATAS TN

SPENCER GULF

r)

YEAR

1968

1969

L970

t97L

7972

1973

L974

t975

L97 6

RECRUITMENT INDEX R¡1
FOR YEAR X

NOVEMBER ABTJNDANCE INDEX N11
FORYEARX-2

*3806 - 5225

4r7

3746

4443

2322

4241

3778

Lt74

4508

*L254 - 2272

2068

3407

L8S2

2992
I

2238

2793

2390

*Estimates based on the mean November catch per unit effort since
there'areno data for the year L967.

i
I

I

1

i
I

i

I

I

j

i

I

i
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widely (nean 3053, S.D. 1557). It is assr¡ned that the nr¡nber of eggs

produced by the matr¡re .spalrners is correspondingly constant and this

is snpported by the fact that P. LatisuLcattrc lr.as a very high

fecrndity. The variation in recn¡itment from year to year may therefore

be due to variation in the success of the larval stagesor to variation

in the survival of the juveniles in the nurserlf areas. Without

estimates of larval abundance it is not possible to differentiate

between these alternatives. However in the Gulf of Mexico, significant

correlations have been fou¡rd between juvenile abtmdance and catches

of adults, but not between larval abtndance and the abr.ndance of

later stages (Neal, 1975).

5.3 THE EFFECT OF TEMPERATURE ON RECRUITI\,ÍENT

0n the assunption that inshore water temperatures closely parallel

coastal air tenperatures, Willians (1969) reported correlations between

the srmunation of effective day degrees (calculated fron daily coastal

air tenperatues) and catches of penaeid prawns in the Gulf of

Mexico. A conelation between the sun of effective day degrees for the

calendar year and prarrm catches of the s¿Lme year was significant and

was considered by Willians (1969) to be the result of the effect of

temperature on activity and thus catchability of the prawns. The

effects of tenperature on the catchability of P. LatisuLeatus in

Spencer Gulf have been discussed and accormted for in the previous chapter.

Willians (1969) also considered that extremes of cold tenperature

during the winter may have a deleterious effect on the suryival of

juvenile prawns overwintering in the nursery areas. This hy¡rothesis

is supported by the fact that the prawn catches in certain areas of

the Gulf of Mexico were also correlated with the sun of effective day

degrees for the coldest six nonths of the preceedin g yeaT (Williams

1969), warmer winters being followed by higher catches and uiee uersq,.



-62-

The life cycle of P. LatisuLcatus outlined in Section 2.3.7 shows

that the najority of juvenile prawns would be overwintering in the

nursery areas from April to October, the coldest nonths in the year

(Table 9). If low tenperatures during this period significantly

reduce the survival of juvenile P. LatisuLeatus in the nursery areas

this will have a direct effect on the recruitment of young prawns to
U

the fishery in the following sunner. This hypothesis can be tested

by calculating a correlation coefficient betv¡een tenperatures over

the period April to October and recruitrnent.

Data on the rnean weekly hrater temperatures in Northern Spencer Gulf

are listed in Appendix D. To nake the analysis of this data conparable

to that of Willians (1969) the effective lnonth degrees' for the April

to October period each year was calcuated after the nethod of

Andrewartha (1970) as:

E Px max¡ temp* of the month - I'effective ternp.r'

2

rMonth degreesr weïe calculated since there were insufficient data to

calculate day or week degrees. trErr is the effective nonth degree and

ilp'r is the proportion of the rnonth that water temperatures exceed the

,effective temperaturerr. The effective temperature is chosen as 1soc .

In the experiment described in section 4.2.3 it was found that less than

50% of the prawns observed were active at this temperature. Zein-Eldin

and Aldrich (1965) found that whereas juvenile Perneus aztecus

survived temperatures as low as 11oC, their ability to withstand other

environmental stress, such as low salinity, was impaired at tenperatures

below 1soC.

The effective month degrees during Aprit to October for each year from
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L967 to 1975 are shown in Table trl. The April to October period has

been divided into eight equal rrmonthsrfof exactly four weeks each to

nake for easier calculation of the nonth degrees fron the mean weekly

ternperatures. The sun of the effective nonth degrees over,April

to Qctober for each year, and the recruitment of the following sunmer

are shown in Table 12. Ttre Pearson product-movement correlation

coefficientrrr was found to be 0.2L4. The critical value ofrrr

with seven degrees of freedom is 0.666 at the 5% level of significance,

so there is no significant correlation between the sun of nonth

degrees over the winter period, and recruitnent. This suggests that

temperature ovelr the range experienced by juvenile P. LatisuLcatus

in the nursery areas has little effect on the survival of juvenile

prahrns.

5.4 TFIE INFLUENCE OF RAINFALL AND EVAPORATION ON TFIE RECRUITMENT OF

PENAEUS LATTSULCATUS

5.4.1 Correlations between rainfall and catches of penaeid prau¡ns

A relationship between rainfall and catches of penaeid prawns was

first reported by Hildebrand and Gunter (1955) who found that the

annual catch of Permeus setifenus in Texa-s h/aters was positively

correlated (r = 0.885) hrith the average rainfall over Texas for that

year and the previous two years. In a later paper Gunter and

Hildebrand (1954) concluded that the sirnplest and most probable

connection of prawn catch with rainfall was through salinity of the

coastal bays which is governed by rainfall. This may account for

the apparent lag in their previously reported correlation since

rainfall may take sorne time to influence the salinity and since

juvenile prawns overwinter in the shallow nur.Ser.y areas and their



TABLE '11

EFFECTIVE MONTH DEGREES IN NORT}IERN SPENCER GULF FROM APRIL TO OCTOBER

MONTH

J

YEAR

1967

68

70

7L

72

73

74

75

2

3.20

2.r0

2.95

2.45

4 .05

2.L5

2.40

3.40

3.30

3

1.s5

2.10

0.83

1 .4s

0. Bs

1 .30

0.9s

1.5s

2.80

4

0.25

0. 18

0.90

0. 70

0 .50

0.00

t.25

0. 13

0. 60

5

0.11_

0.04

1.00

0.05

o.34

0.00

1 .55

0.68

1.80

6

0. 78

0.98

2.05

1.00

0.94

0.23

2.ts

1.50

3.45

7

2.40

1 .85

4 .60

2.80

2. 8s

2.t5

5. 15

2.25

3.4s

(APRTL)

1

4 .0s

4 .05

4.60

3.85

5 .65

3.65

4.20

5.15

4.00

(0cr0BER)

B

4.60

3. B0

4.8s

3. 30

4 .15

4.1s

5.95

4.45

5.00

69

TABLE '12

SI.TM OF EFFECTIVE MONTH DEGREES AND SUBSEQUENT RECRUITTvIENT

YEAR

Lg67 16.94 3806-5226

L96S 1s.10 4L7

1969 2L.78 3746

tgTo 15.60 4443

L}TL 79.33 2322

Ig72 L3.63 424L

LgTs 23.60 3779

1974 18.90 LI74

L}TS 22.40 4307

*not included.in the calculation of the correlation coefficient
since this is not an acculate estimate of recruitment.

SIJM OF EFFECTIVE
MONTH DEGREES

SUBSEQUENT
RECRUITÏUENT
INDEX

*
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susceptibility to changes in salinity would not become apparent until

the following fishing season. Gunter and Edwards (1969) confirned the

correlation between rainfall and catches of P. setiferws in Texas

waters with a longer series of data. In Indian waters catches of

P. monodo;a from the Godarvi estuary region have been positively

correlated with river discharge of the previous year olsubrahmanyan, 1966)

Thomson (1956) found that annual catches of penaeid prawns from Lake

Illawarra on the east coast of Australia were positively correlated

with rainfall of ttre L2 month period beginning 18 months and ending

6 rnonths before the start of the pr.awn season. He reportedapositive

correlation between plawn catches at Stockton Bight near Lake

Illawarra and rainfall of the previous year' and a sinilar correlation

exists for prawns near Clarence River, further north on Australiars

east coast. Although the species hreÏe not named it is likely that

in each of the above cases the rnajor component of the catch was

Metaperneus macLeayii, which is the species rnost conmonly caught in

the inshore fisheries of New South Wales and Queensland. Ruello

(Lg72, 1g73, 1975) has also reported a positive correlation between

rainfall of the previous year and abundance of the school prawn

M. MacLeayií in the Hunter River region on the east coast of Australia.

Before investigating the relationship between rainfall and evaporation

and recruitment of P. LatisuLcak'Ls in Spencer Gulf, the way in which

these factors influence the salinity of the inshore nursery areas

will be discussed, since it is the salinity of these hraters which is

thought to have a direct effect on the survival of juvenile prawns and

thus the subsequent recruitment.

x
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5.4.2 The relationship between rainfall, evapora tion and salinity in
nursery areas for P. Latísuleatus

Logistic difficulties have meant that measurements of salinity after

periods of heavy rainfall in Spencer Gulf.are infrequent. However,

salinities have been measured regularly at Torrens Island near Adelaide

a region that is an inportant nursery area for P. LatisuLcatus ín

St. Vincent Gulf and one that is geographically very sinilar to prawn

nursery areas in Spencer Gulf.

Measurenents of salinity made at nine stations (fig g ) in these r^raters

are presented in Appendix A and the data in Table 13 illustrate that

rainfalt directly affects the salinity of these r4laters.

Salinities were lower than normal in early Septenber 1973 when the

Adelaide rainfall in August and September of 1973 was 2t0 and 234 twtt

respectively. The nean August rainfall at Adelaide is 62 mn and the

Septenber nean is 51 nn. During 1974 salinities were low while

rainfalls rrere generally about twice as high as the monthly mean during

July, August, Septenber and October. Salinities are generally lower

in the region closer to Swan Al1ey Creek (fig 9 ) which is the outlet

for the Little Para River, than towards the open waters of St. Vincent

Gulf. However, in 1975 salinities remained at nornal leve1s throughout

nost of the region (see Appendix A) and monthly rainfalls were a little

less than the mean for any particular month. While these findings can

not be directly related to the Spencer Gutf fishery statistics they

do illustrate that rainfall has a direct effect on the salinity of

inshore h¡aters

Measurements of salinity in northern Spencer Gulf rnade after periods of

heavy rain also show that salinities are significantly lowered.
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Data extracted fronAppendix A are presented in Table 14. Salinities

v¡ere neasured in situ as described previously at inshore and offshore

Iocations at Chinananrs Creek, and at Pt. Davis on the rnouth of the

Broughton River (fig 22). At each location the inshore station was

about 500rn upstrearn from the mouth of the creek, while the offshore

station was about 500 n seäward of the nouth of the creek. At Pt.

Gennein the salinity was measured at the end of the jetty which is

1.5 kn long.

The measuïements at Eastern Shoal and Douglas Bank (fig 22) were made

by M.G. King. (pers. conn.). Rainfall at Pt. Pirie, Pt. Gernein,

Baroota and Pt. Augusta during October 1973 was 159 rnn, L32, tfs

and 70 nn respectively while the rnean October rainfall at these places

is 52, 51 51 and 23 nm respectively (Comnonwealth Bureau of Meteorology).

The salinities of 30 .5%o and 27.59o" are well below the normal range of salinities

of approximately 3geooto 42e* at these stations (appendix A).

The rainfall in May 1974 was again well above average (Í47, 123, 116

and 123 mm at Pt. Pirie, Pt. Germein,Baroota and Pt. Broughton

respectively) and salinities measured at Chinarnans Creek and Pt. Davis

(fj.e 23) we:le coïrespondingly low (table 14). Rainfall at Pt. Pirie,

Pt. Germein, Baroota and Pt. Augusta was high again in Octobet 7976

(110, 119, 137 and 64 nn respectively). salinities at chinamans

Creek, pt. Davis and Pt. Gernein were correspondingly 1ow. Measurements

made by M.G. King (pers. conm.) at Chinamans Creek indicate that the

normal range of salinities in the offshole hlaters is from 4leoo to

46.Ssa

These results support the findings of Bullock (1975) that there is

little exchange of the watels in the northern part of Spencer Gulf

with those of the southern Gulf and the South Australian Sea (after



TABLE /i3

SALINITIES IN THE WATERS AROIIND TORRENS ISLAND AFTER PERIODS OF

HEAVY RAINS

\- Station
oatX-
8.9 .73

5.8.74

6.8.74

8.8.74

12.8.74

L3.8.74

1,4.8.74

t6 .8.74
26.8.74

4.9.74

8.r0.74
16.L0.74

30.10.74

L 2 3. Mid

36 .4 36 .3 31 .9 31 .5

34.7 34.4

Salinity .L
4s6

s3.7

32.6

34.5

.2 35.2

.3 35.5

.3 34.4

3s .9

35.2

33.4

26.5

32.6

7 S.A

10.3

3L.2

9.5

16.0

23.5

0.2

L8.2

t)

35

35

34

35

35

35.1

.4 35.4

.7 35.6

.B 3s.1

.L 34.9

.4 35.s

34.6 34.9

33.7 34.4

3s.4 35.1

35.0

3s.0

35.1 34 3

34

35

34

34 .8 s3.2

19.5

35.5

35.9

32.6

32.4

34.7

3s.2

32.5

31 .5

26.6

33.4

35.5

34.8

27 .7 29.

34.8 s4.

5

B

TABLE 14

SALINITIES IN NORTFMRN SPENCER GULF AFTER PERIODS OF HEAVY RAIN

Salinity %o

Date Eastern Shoal Douglas Bank Chinamanrs Creek Pt. Davis Pt. Germein
Inshore Offshore Inshore Offshore

17.L0.73 30.5 27.5

32.520.5.74

14 .ro .7 6 30.9

16.9

12.6

6.0 50.5

15 .9 27 .0
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Bye 1976), and the resultant inplication that salinities in the northern

part of the Gulf nust be deternined by the balance between evaporation

and the infh-¡x of fresh h¡ater. Holloway (I97a) found that eddy

diffusion coefficients calculated on the basis of the evaporation/rainfall

balance in upper Spencer Gulf were consistent with those deternined

fron dye tracking experiments. According to Gre,:n (1974) the reported

variations in salinity of upper Spencer Gulf are consistent with the

calculated effects of evaporation and rainfall, including run-off

from the surrounding hills.

Evaporation frorn the water surface operates over the whole of Spencer

Gulf to increase the salinity. The way in which rainfall reduces

the salinity of the gulf $¡aters can be seen from a consideration

of the topography of this region. To the east of Spencer Gulf lie

the southern spuïs of the Flinders Ranges Gig 23). Drainage

fron the western face of the ranges is towards Spencer GuIf. Numerous

creeks feed from the gullies dissecting the southern Flinders

Ranges (fig 22) but no permanent streams exist (Ch€botarev, 1958).

. These streams flood however, after prolonged and heavy rain or after

extremely intense rainfall. Because the prevailing winds are fron the

south westerly direction the effect of the southern Flinders is to

produce orographic rainfall, and because of the higher relief in the

north (fig 23) more runoff for a given rainfall will be produced

than in the flatter regions bordering the south of Spencer Gu1f.

South of Pt. Pirie the Broughton River is the najor source of freshwater

runoff into Spencer Gulf, but the flow of this river is only internittent.

It can be seen from Figure 23'that the high reli'ef areas near the north of

Spencer Gulf are also a najor catchment for the Broughton River.
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Evaporation from the water surface operates over the whole of Spencer

Gulf to increase the salinity. In the southern part of the gulf this

is counteracted by nixing with water fron the South Australian Sea

and by rainfall directly onto the gulf waters. lhere is very little

1:n-off into Spencer Gulf south of Pt. Broughton. In the rnore

enclosed ¡'lters of the northern part of the gulf, the influence of

rainfall on the salinity is nuch stronger since the water is generally

shallower, and there is little exchange with waters of the southern

part. Run-off fron the southern Flinders Ranges to the east of this

region also has a strong influence, particularly in the coastal

backwaters into which the internittent streams flood after heavy rains.

Since it is the sand and rnudflats in these backwaters that are the

nursery areas for juvenile P. LatisuLeatt'ts and since the nursery areas

are mainly in the north, rainfall over the northern area of Spencer

Gulf and the high relief aleas to the east nust have an important

influence on the salinity of the najor prahln nursery areas in Spencer

Gu1f.

5.4.3 Rainfall and evaPora tion and the reciuitnent of P. LatisuLeatus

in Spencer Gulf

The hypothesis put forward in section 4.I, that recruitment is

deterrnined prirnarily by the effects of salinity on the survival of

juvenile pîawns can now be investigated by establishing a relationship

between rainfall and evaporation over northern Spencer Gulf, and

recruitment, since it has been shown in section 4.4.2 that salinity

especially in the inshore areas is directly affected by rainfall

and evaporation.

Monthly rainfalls frorn eight localities (fig 23) around the perineter

of northern Spencer Gulf were obtained from the Conmonwealth Bureau
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of Meteorology. This data is presented in appendix G. These

localities $Jer.e chosen because it has been argued in the previous

section (4.4.2) that rainfall over the northern part of the gulf

induced by the orographic effect of the hills to the east has an

important influence on the salinity of the najor plawn nursery aTeas.

The mean rainfall overthis'region has bherefore -been ."rf,úf"t"d for each

month fron the data fron these stations (Appendix G). In the Spencer

Gulf region, evaporation is measured only at Baroota (Appendix G).

Although this station is situated in the hilly region a few kilometers

east of the shore, evaporation here is probably representative of

tlatover the general region (I. Hancy, Climatologist, Cornmonwealth

Bureau of Meterology, pers. conm.).

Since the effect of evaporation on salinity is the inverse of that of

rainfall the data on rainfall and evaporation will be treated as a

single value clirnatic index of the forn \ which has been found to
EM

be the most appïopriate clinatic index in assessing the efficiency

of rainfall for defining ecological zones, for agriculture and for

soil hyàrology (Cornish, 1,976). rrRrr is the rorrihty rainfal1, rrErr

the monthly evaporation and t\ntt is a constant. In agricultural

applications rtmrr has been found to be approxirnately 0.75 and this

value has been taken as a standard in applying the index to clinatological

studies. However, since only relative values of the index from year

to year are required for this study the value of rtmrr will be defined

as 1.00 for convenience. Furthermore, according to Cornish (1976)

the variability in evaporation in any particular nonth, from year to

yeat, is very small conpared to its mean value, and especially so when-

compared to the variability of the monthly rainfall. Hence the index

Þl will take into account the effects of evaporation on salinity, but
b

any variations will predorninantly reflect the influence of rainfall
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in diluting the shallow waters in the prawn nursery areas. The ratio

has beenof the rnean rainfall over the region to the evaporation

calculated for each rnonth and is presented in,Table '15.

From the life cycle of P. LatisuLcaázsoutlined in Chapter one, it

can be seen that the najority of juvenile prawns would be present in

the inshore nursery areas fron about April to 0ctober each year. It

is thus during this time that they would be susceptible to changes

in salinity in the inshore areas. Consequently I have calculated the

sum of aft" $ ratio fron April to October each year from 1967 to tg75.

Table 16 shows the recruitnent index for each year and the corresponding

April to October $ ratio of the previous winter.
E

The correlation coefficient between recruitment and an" $ ratio for

April to October of the previous year hras calculated according to

the nethod of Sokal and Rohlf (L973) to be - 0.82 and this is

significant at tt'e 7% level of significance. The 1968 recruitment

esti:nates were not used in the calculation of the correlation coefficient

since the range of probable recruitments for this year were not

estfunated in the same way as the recruitment index for the following

years. Fig 24 shows the recruitnent index plotted against the April

to Octobet f ".tio for the previous year, and the calculated line of

best fit estinated by the nethod of least squares (Sokat and Rohlf,

1,973). Again the 1968 recruitment was not used in this calculation,

however it can be seen from fig 24 th,at the range of probable

recruitrnents lies close to the value predicted by the line of best fit.

5.4.4 The relationship between rainfall and catches of P. LatisaLcattts

(þ

in Shark Bay

The relationship between rainfall and catches of P. LatisuLcatus ín

Shark Bay was also investigated. Because two species of prahrns aïe



TABLE 15

MONTHLY RAINF TNDEX (XIO3) OVER NORTHERN SPENCER GIILF

r)

J F M A MJ J A S o N D

1967 76.4 204.7 4.4 23.1 LAL.6 73.2 273.7 333.3 Ll-6.4 29.6 0 16.4

1968 139.I I29.A 73.9 204.3 735.6 LL29.0 650.8 433.0 100.0 147.8 164.7 47.O ;

1969 51.9 180.2 110.6 114.5 677 -4 347.2 671.2 263.2 5I5.5 63.3 95.2 46.7

1970 84.8 0 37.4 r25.7 259.6 198.3 161.0 392.5 450.3 56.7 L64.L 98.6

L97r 6.3 7.3 156.8 364.6 410.5 966.L 658.5 369.6 322.3 2l.L 2L6.3 83.9

L972 116.3 L26.8 0 111.1 37.6 58.3 359.6 495.4 75.8 76.2 49.6 25.9

L973 68.0 49L.2 87.5 185.8 263.2 A92.3 493.7 683.7 l-74.7 46]-.2 I29.9 90.3

Ig74 280.3 248.8 24.O 686.0 1423.O 260.9 873.4 257.9 4L6.7 567.1 35.1 I0.2

1975 46.2 10.8 LO7 -6 87.6 223.8 23.3 293.2 336.7 337.1 538.5 52.8 62.7



TABLE 16

RECRUITMENT INDEX AND EFFECTIVE RATNFALL OF THE PREVIOUS WINTER IN

SPENCER GUT.F

Apr
x

Oct

2
Year Recruitment index

3aO6-5226t'

*r" (xlo ) for previous year

r968

1969

r970

r97l

L972

r973

L974

L975

L976

4L7

3746

4443

2322

424L

3779

tt74

4307

99.1

340.0

264.8

164.4

3r0.4

L2L.4

315. 5

447 .7

raL-7

* range of probable recruitn¡ent

t
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caught in Shark Bay there is sorne difficulty in assigning the amount

of effort applied to each species and nonthly catch per unit effort

data forP. Latisulcatus could not be obtained (Penn. Pers. conn.).

An index of recruitnent could not be calculated for the Shark Bay

fishery in the same r¡ray as was done for Spencer Gulf. Annual catch

per unit effort has however, been corrected for the estinated effort

applied toP. Latisuúcatus and is avaiîable fron 1962 to 1975.

Evaporation data fron Carnarvon on the eastern shore of Shark Bay

is inconplete, cornmencing only in 1967 and then with several sub-

sequent missing observations. Monthly rainfall at Carnarvon has been

-recorded and is presented in appendix G. The sun of nonthly

rainfalls from April to October each year was calculated.

Table 1i/ lists the annual catch per unit effort for P. LatísuLcatus

in Shark Bay and the sum of April to October rainfall for the previous

yeaï.

From Figure 25 it can be seen that there is no apparent relationship

between previous winter rainfall and annual catch per unit effort of

P. LatisuLcatus in Shark Bay. even though such a relationship nay

have been expected if the pravms here react sinilarly to salinity

changes as do the Spencer Gulf prawns. Possible reasons for the

lack of any relationship between rainfall and annual C/Ue are that

firstly the salinity in Shark Bay may be determined by factors other

than rainfall. Evaporation data could not be included in the above

analysis because it is inconplete. Logan and Cebalski (1970) noted

that the salinity in Shark Bay was about 5%o less during 1965 than

in previous years and attributed this to changes in the pattern of

water circulation in the bay. It is to be noted that the total catch

(but not the C/Ue) of P. LatisuLcatus in Shark Bay declined in 1966



TTßLE T7

Al.lNUAt CATCH PER I.JNIT EFFORT AND WINTER RAINFALL IN SHARK BAY*

YEAR

t962

63

64

65

66

67

6B

69

70

7L

72

t5

74

75

ANNUAL CATCH/UNIT EFFORT
(NOs. PER HR. TRAWLED)

300

26L

733

536

373

2L6

392

574

912

633

789

605

67L

660

RAINFAII APRIL - OCT.
OF TI-IE PREVIOUS YEAR

116

110

332

146

340

73

139

115

91

159

224

303

Lt7

354

*Data from Perm Pers. conm.
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(Slack-Snith 1969b). Secondly there may not be a clear cut relationship

between recruitment to the fishery and annual catch per unit effort.

This appears to be the case in the Spencer GuIf fishery for P. LatisuLcatus

where although there is a trend towards increasing annual C/Ue as the

recruitment increases, this trend is not well defined (fig 26).

i.)

It is still possible that when further refinements are nade to the

Shark Bay data, and recruitnent indices can be calculated, that a

relationship between recruitnent and rainfall/evaporation or other

factors that determine the salinity nay be denonstrated.

5.4.5 Discussion

The highly significant negative correlation between effective rainfall

and recruitment established in Spencer Gulf is in keeping with the

unique hypersaline habitat of juvenile P. LatisuLeatus discussed in

the previous chapter. If this species is specially adapted to

hypersaline conditions, decreased salinities in the nursery areas

caused by high rainfall and low evaporation, night be expected to have

an adverse effect on the survival of juvenile P. Latisulcatt'Ls.

Gunter and Edwards (1969) found that catches of P. duoratam ín

Texas waters were weakly negatively correlated to rainfall of the

previous year, but the correlation was not significant. They

postulated that a longer series of data than then available 'lnay

show a significant negative correlation between catch and rainfall

which would be expected of a shrinp adapted to a dry, high salinity

coast.rt Other correlations between prawn catch and rainfall

discussed by previous authors have all been positive, indicating a

possible beneficial effect of low salinity. It is to be noted that

in each case the natural habitat of the juveniles of the species
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concerned (P. setiferus, P. monodon anð M. maeLeayii) is estuarine.

Gunter and his associates (op. cit) believe that salinity directly

affects the survival of juvenile prawns and thus the size of

subsequent catches. Ruello (1973) however, holds the opinion that the

effects of rainfall on M. maeLeayii are less direct. Ruello (1973)

observed that seaward movement of M,. macLeagü was enhanced
i)

after periods of heavy rainfall. This is said to inprove the prawns

chances of nating and spawning and thus to partly account for the

increased abundance of prarvns in the following year. Decreased

salinities are also. thought to increase the survival of juvenile

M.macleayä indirecrlyby naking the estuary unfavourable for predators

and cornpetitors, and to indirectly pronote better grohlth due to the

nutrients washed into the estuary after heavy rains. Such explanations

can not be applied to the correlation between recruitment of P. LatísuLcatus

and effective rainfall.

It is possible that decreased salinities after heavy rains may cause

juvenile P. LatisuLcatus to move seavrrard and if this was to lead to

enhanced reproductive potential, pravin abundance the following year

should be high, but this is not the case with P. LatisuLcatus

That the nurseïy areas of P. LatisuLcattts are rnade unfavourable to

predators and possible conpetitors, by decreased salinity is possible,

however, prawn abundance does not increase as is the case with

M. macLeayii indicating that the decreased salinity nust also be

detrinental to juvenile P. LatisuLeatus. If influx of nutrients from

freshwater rrur-off increased growth but did not affect survival, then

the recruitnent of P. LatisuLcaf,¿,¿s should be greater after periods of

heavy rain.
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The sinplest explanation is that salinity directly affects the survival

of juvenile prawns. In the case of P. setiferust this species

inhabits estuarine waters and nay survive better at reduced salinities.

This could also apply ¡s M. macLeayii and P. morndon whose abundance

is also positively correlated to rainfall. P. LatisuLeatus however,

inhabits h¡rersatine nursery areas and a reduced survival at lower

salinities would explain the negative correlation between effective

rainfall and abundance.
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CHAPTER SIX

SALINITY TOLERANCE OF JUVENILE PENAEUS LATTSULCATUS

6.1 INTRODUCTION

Salinity is the environmental factor most connonly associated with

discussions of the distribution and abundance of juvenile penaeid

pravms (Gwrter, 1950, 1961 a, b; Gunter, Christnas, and Killebrew,

L964; Kinne t964; Parker 1970). It has been suggested that the

abundance of juvenile prawns is greatest in low salinities and

particularly that large numbers of the snallest aninals occur in the

lowest salinities (Gunter, 1950). This relationship has often

been interpreted to mean that low salinities are necessary for the

survival and growth of juvenile penaeid prawns (Neal 1975), and that

juvenile prawns do not rrdo wellrt in waters of higher salinity.

(Gunter 1961 a In Chapter three it was proposed that in accordance

with the distribution of juvenile Penaeus LatísuLcatus in hypersaline

r4raters their tolerance to high salinities may be greater than that of

other penaeid species and that adaptation to low salinities rnay not

be possessed to as great an extent as in other penaeids which usually

inhabit hyposaline estuarine htaters. Support for these hypotheses

can be drawn fron the conclusions of the previous chapter that a

negative correlation exists between effective rainfall over northern

Spencer Gulf and recruitment of P. LatísuLcatus into the Spencer

Gulf fishery, with the rnost likety explanation for this correlation

being that salinity directly affects the survival of juvenile prawns.

Reduced salinities appear to cause nortality and hence 1ow recruitment-s

of juvenile P. LatisuLcatus whiJ-e higher salinities are followed by

higher recruitment. There is sorne variance between those conclusions
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and the ideas of DahI (1956), Hedgepeth (L957 ) and Carpelan Q967)

that tolerance to high salinity is usually associated with tolerance

to low salinity and that exclusive adaptation to a hypersaline

environment would be an adaptation which leads to extinction (Carpelan

L967). Therefore the tolerance of juvenile P. LatisuLeatus to

reductions in salinity will be investigated in this chapter- The

ìm¡nrtance of experimental determinations of the salinity toferance

of aquatic animals as a reflection of the adaptation of species to

their physicochemical environment has been stressed by Kinne (1963 
'

1964, l-97I) and Dorgelo (1976).

t;

In the nursery areas juvenile P. LatisuLcatus ate usually exposed to

satinities greater than abouL 37%" and up to 608.. In some parts of

Shark Bay salinities of about 7O%o have been measured but juvenile

P. LatisuLcatus are usualJ-y not found in these areas (Slack-Smith, 1969b) -

Salinities as low as 6%o have been measured in sheltered backwaters known

to be nursery areas for juvenile prawns in Spencer GuIf' after periods

of heavy rainfall. The range of salinities investigated in Èhese

experjments will therefore be from 5%" to 75%" in order that the results

may be related to conditions actually occurring in the nursery areas.

AII the salinity tolerance experiments were of t]le "direct (or

sudden) transfer" type. There \ô¡ere several reasons for this- Firstly

the responses of juvenile P. LatisuLcatus to reduced salinity were of

major interest. Since the results of the experiments wer'e intended

to relate to the reduction in salinity which occurs in the nursery

areas after heavy rains and flooding' suólden transfer from the

acclimatization medium to the experimental salinity was thought to be

the most appropriate way of testing the salinity tolerance of juvenile



-77 -

P. LatisuLeatus. Secondty the sudden transfer nethod allows for the

easiest conparison of the tolerances of different species (Dorgelo,

1974, 7976). Thirdly, acclinatization to increasingly higher or lower

salinities ¡nay extend the range of tolerance but the degree of this

extension may depend upon the rate of acclinatization.

It is known that the degree of salinity tolerance of postlarval and

juvenile P. LatisuLcatus is affected by tenperature and that it is

dependent on the salinity and tenperature of acclinatization (ltrillians,

1960, Zein-Eldin and Aldrich, 1965; Wiespape, Aldrich and Strawn,

L972; Venkataraniah, Lakshni and Gunter, L974). Since the salinity

tolerance of P. LatisuLeatus nay also be determined by tenperature,

al1 experiments r^rere carried out at a constant tenperature as close

as possible to the acclimatízation temperature. The experinental

tenperature lvas either 14oC or 18.soc. It would have been desireable

to acclimate prawns to a particular set of laboratory conditions

prior to the experinents but because of inadequate facilities, large

nurnbers of prawns could not be held in the holding aquaria for the

long periods of tine needed to assure acclimation.

Prawns were therefore considered to be acclimatized to the salinity

and tenperature of the water from which they were captured, and were

held in the laborato'ry at sinilar temperature and salinity for at

least two days prior to transfer to the experinental aquaria. Prawns

captured frorn waters ranging in salinity frorn 35.5 to 37eøwere held in

the laboratory at 36vø. Those captured from waters ranging in salinity

fron 40 to 45%owere held in the laboratory at 42.5ee Sinilarly prawns._

captured at temperatures of 15 to 15oC were held at 74oC and those

caught at 77 to 20oC were held at 18.5oC. Temperatures of approximately
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I4oC and salinities of'approximately 368" are referred to as winter

temperatures and salinities. Those of approximately lg'5oC and 42'5?,'

are referred to as sunrmer temPeratures and salinities. During the

period of this study experirnents $tere carried out on juvenile prawns

acclimatized to four temperature-salinity combinations.

)

Due to the unpredictable climate, especially with respect to the tining

of rainfall, the four field acclimations experienced by the prawns

before capture can be classified in the following way:

- winter

- summer

- \^Iinter

- sufluner

temperature

temperature

temperatr¡re

temperature

and

and.

and

and

salinity - May and July 1973

winter salinity - March, April and

October 1974

sumner salinity - JuIy and, August L975,

August 1976

salinity - October and November 1976.

The salinity tolerance of juvenile P. LAtisuLcatus may also be

dependent on the stage of development. Venkataramiah, Lakshmi and

Gunter (Ig74) found that the post-larvae of P. azteeus survived in a

wider range of salinities than did the juveniles. The fíndings of

Zein-Eldin and Aldrich (1965) suggest that post-larval P. duoraram

also survived in a wider rarrge of salinities than did the juveniles.

In these experjments only juvenile P. Lati.suLcatus tangíng in total

length from 4 crn to 6 cm were used.



-79-

6.2 METHODS

6.2.t General nethods

Juvenile Penaeus LatisuLeatus used in the salinity tolerance experiments

were collected frorn two sources. r1^Iildrt prawns were collected fron

the vicinity of Torrens Island (fig I ) by the nethod described in

section 3.2.7. Repeated trawls were made until sufficient numbers of

pïawns were captured; when this h¡as not achieved on one night trawls

were made on succeeding nights. A commercial aquaculture enterprise

at Pt. Broughton on Spencer Gulf (fig 3) was the source of I'culturedil

juvenile P. LatisuLcatus. Prawns were collected from outdoor ponds

which had been stocked with the hatchery-reared progeny of rtwild'l

gravid fenale prar{rns captured offshore. The same beam trawl

described in section 3.2.1 was hauled across the pond by hand to catch

those prawns.

After recovery fron the trawl trwildtr and trculturedrr pïawns were

placed into plastic 50 litre bins Çontaining seavíater fron the site

of collection. It was found that mortaLity during tTansport to the

laboratory r^ras ninimized if the bins were filled to only one third of

their capacity and if a maximum of 50 prawns ü/ere carried in each bin.

Tine fron capture to return to the laboratory v/as usually about three

hours. The temperature and salinity of the water at the collection

site was measured with a Hamon Portable Temperature-Salinity Bridge.

In the laboratory the bi¡s containing the juvenile prawns were placed

in a constant tenperature room which had been pre-set to the expected

hrater temperature. The data on r^¡ater temperatures in upper Spencer

Gulf (Appendix D) allowed the tenperature to be pre-set to within
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I or 2oC of the actuatr water temperature. Aeration was provided. and

the prawns were left to equilibrate to the laboratory temperature until-

the following day. Mortality of juvenile prawns to this stage rarely

exceeded 208, and those pravrns that died were usually rnoulting or newly

post-moult prawns. The surviving prawns were then placed into

"ho1ding" aqtraria adjusted to the same salinity as the water from

which they were captured. Glass aquaria measuring 60 x 29 x 35-5 cm

$rere used tJrroughout the study for both holding prawns at the

acclimatization salinity, and for the experimental salinities.

Filtration and aeration u/ere sirm¡ltaneously provided by an 'runder-gravel'l

type filter powered by compressed air. The under-gravel filter was

first covered by a layerr2 or 3 cm d.eeprof shetlgrit. Over this 7

or I cm of fine beach sand provided a suitable substrate into which

the juvenile prawns could burrow. Fifty prawns per aquarium could

be maintained with negligible mortality for one week in these aquaria,

but after this the water quality often deteriorated and cannibalism

occurred under these conditions. Consequently juvenile prawns were

usually not held at this density for more than 3 or 4 days. It was

found that up to 20 juvenite P. LatisuLeatus couLd be held in each

aquarium for indefinite periods.

A 24-hour photoperiod divided into 12 hours of light and t2 hours of

darkness, occurring approximately at the natural times of day and night,

was maintained in the constant temperature room. Thus, the normal-

nocturnal activity of the juvenile prawns was not disrupted.

The diet of the experimental prawns consisted of dry fish pe1J-ets. 
- 

The

juvenile prarrns were fed ad. Lib. each second evening and excess food

was siphoned from the aquaria the following morning. The pellet food
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hras occasionally supplemented by chopped cockle (Maeomona deLtoidnLis),

freeze¿ried brine shrimp (Artemia saLina) or chopped fish (HeLotes

seæLineatz.g ) hrhen the prawns \^lere being held for longer periods of time -

6.2.2 Salini tolerance exPerlments

Juvenile pra\^Ins were transferred d'irectly from the holding aquaria

to each experimental aquarium. The experimental aquaria were of the

same dimensions and were provided witl: the same filtration, aeration

and substrate as in the holding aquaria. The low saliñities \^/ere

obtained by dilution of natural sea\¡¡ater with tap water. Concentrated

seawater of approximately lOO%o was obtained from the salt evaporating

ponds near Torrens Island (fiS. 9) and was diluted with naturaf

sea\^rater to obtain Èhe salinities of. 45%o and greater. The salinity

was measured with a ltramon portabte Tenperature-Salinity Bridge, but

since this apparatus can measure salinities up to only 42e"o ¡ Lhe

higher salinities were measured from a 100 ml sample diluted by the

addition of a further lOO mf of distil-ted water. The experimental

aquaria were prepared at least one week prior to the experiment and

the salinities were checked and adjusted íf necessary before the

introduction of any juvenile prawns. During an experiment the

safinities were checked daily and adjustments were usually not necessary.

The juvenile prawns were fed on the evening prior to their transfer

to the experimental aquaria. UsuaIIy 20 prawns were pÌaced in each

experimentat aquarium. On some occasíons 25 prawns per aquariunt

were used. Vlhen fewer prawns \^Iere available only 10 per aquarium were

used. there appeared to be no difference in the mortality of ntto'rrit

held in the hotding aguaria at those densities. The prawns were not
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fed during the first 48.hours of the experinents but were fed every

second day thereafter.

The nunber of dead prawns was counted each norning for ten days, and

the dead prawns wete lemoved from each aquariun. Except at the low

salinities nortalities usually occurred at night and the dead prawns would

be lying on the substrate next morning. Lack of response when prodded

with a glass rod was taken as the criterion for death. Distressed aninals

would often be found quiescent on the substrate but always responded

by flexing the abdonen or rapid movement of the pleopods when touched

with a glass rod.

Besides counting the nunbers of dead prawns each morning., some notes

were made on the behaviour of the juvenile prawns in the experinental

aquaria. Venkataraniah Lakshmi and Gunter (L974) noted that changes

in the activity of P. azteeus occurred. when they were transferred

abruptly from one salinity to another, and defined five states of

activity - inactive, normal, hy¡leractive, restless, and depressed..

Inactive animals were quiescent on the substrate or remained burrowed.

Hyperactivity denotes a faster swiruning and burrowing rate than normal.

Repeated collisions with the sides of the aquarium and substrate,

and rapid swimning in ascending and descending spirals is defined

as rrrestless activityt'. ItDepressionrr usual ly followed restless

activity and is charaeterized by muscular paralysis and convulsions

which cause the prawn to lie on its side on the substrate instead

of resting in the normal upright stance. (Definitions after Venkataramiah

et. al.(op. eit. )).
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6.3 RESULTS

6.3.1 Behaviour of prawris in experimental salinities

Abnormal behaviour was observed inmediately after transfer of the

juvenile prawns to the salinity extremes. Prawns acclinatized to
t)

36eoo showed signs of irnnediate distress when transferred to salinities

less than L8v", (fíg 27). At salinities between 14 and 1B%o those

prawns were generalLy hyperactive for periods up to several- hours until

their activity either'returned to normal levels or the prawns becane

restless. Continued rapid burrowing and re-ernergence fron the

substrate was conmon, as well as rapid swinming around the aquariurn.

Below 149- immediate restlessness was co¡nmon and the prawns usually

died following the rrdepressedtr stage which usually occurred several

hours after transfer to the experinental aquariun. Many prawns however

were hyperactive before assuming normal activity and depression

would occur later, not necessarily preceeded by restlessness or

further hyperactivity. The Itnormalrr response usually occurred when

prahrns acclinatized to 36eoowere transferred to salinities of between

2O and 6Oeo* The prawns would irnnediately swim to the substrate

and nake exploratory movements for severâI minutes, then burrow into the

sand. Cornrnonly they would re-emerge and burrow thlo or three tines.

In the higher salinities some prawns becarne hyperactive and many

prah¡ns swam quietly around the surface of the water apprarently

due to overbuoyancy until they adjusted to the higher water density

and were able to settle to the bottom.

The responses of prawns acclimatized to 42.S%"were similar (fig 28)

however imrnediate restlessness often occurred at salinities of 18eoo

and less. H¡leractivity followed by restlessness or more commonly
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return to norma] behaviour occurred at salinities between 20 and 30%..

"Normal" behaviour occurred on transfer to salinities between 30 and

65%a atthough at the higher salinities some prawns were overbuoyant.

In the case of both prawns accljmatized to 36%o ard those acclimatized.

to 42.5%o, transfer to the intermediate salinities resulted in the

inunediate "normal" response and the juvenile prawns usually became

inactive several minutes after transfer.

Venkatamaríah et aL. (L974) noted. that moulting freguently occurred

following sudden transfer of juvenile P. azteeus from one salinity to

another. Although moulting sometjmes occurred following the transfer

of juvenile P. LatisuLcatus to the experimental aquaria, this was not

common. Moulting prawns never survived in salinities less than 25e"o

when they had been acclimatized. lo 36%o and did not survive salinities

Iess than 30%o when accfimatized to 42.5%". When moulting occurred

it was usually 2 or 3 days after the transfer and was more frequent

after transfer to the lower salinities than to the higher salinities.

6.3.2 Salinity tolerance

venkataramía'll¡r et q.L. (I91 4) considered that juvenile P. azteeus

surviving in their test salinities for at least 96 hours were

"indefinite" survivors. In those experiments it appears that mortality

can be considered in two vrays. Mortality of juvenile P. LatísuLcatus

that ocqurred within the first 24 hours was probably due to the

inrnediate osmotic shock when prawns were transferred from the

acclimatization to the experimental salinities. The prawns which

died within the first 24 hours were those that became imrnediately

depressed on transfer to the experj¡nental salinities or which became
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very restless and then depressed. It was further noted that those

prawns found in a state of I'depressionrr after the first day usually

accor¡nted for nost of the deaths recorded the following day. Thus

nortality within the first two days is referred to as irnmediate

nortality. Further ¡nortality continued after the second day

until day nine after which nortality seldom occurred. Survival of

juvenile P. LatisuLbatus after 10 days exposuïe to the eriperinental

salinity will therefore be considered as indefinite.

Because of the difficulty in obtaining adequate numbers of wild prawns

for experinentation, especially in the early stages of the project,

and the linited aquariun facilities, experirnents could sometimes

only be conducted over part of the range of salinities being considered.

Alternatively there were sometimes large differences between the

salinities of the experimental aquaria and subsequent experiments

were conducted at intermediate salinities. Thus in order to obtain

adequate data for analysis it is desirable to pool the results of

experiments conducted on juvenile prawns with sinilar acclimatization

histories whenever possible. The results of the experiments conducted

with the four different acclinatizatio¡ groups will now be discussed.

As well as following the usual convention of describing the tolerance

in terms of the satinity required to kill 50% or more of the

experimental prawns (LD'O), it will be advantageous to define a range

of tolerance within which the nortality is less than 10%.

6.3.2.1 Prawns acclinatized to winter temperature and salinity

The first set of experiments.was conducted during May and July

L973, using '\¡¡ild" prawns caught near Torrens Island and acclinatized

to winter ternperatures and salinities. Since insufficient prawns were

available to test survival in the entire range of salinities from
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5%o to 65"ø the first experiment concentrated on the range 5 to 409oo

using only 1.0 prahrns per experimental aquariun. The second experinent

covered the range 30 to 65eo" and the third 15 to 50eoe Twenty prawns

per aquarium were used in the second and third erperinents. The

results, expressed in daily cumulative nortalities are shown in

Table 18.

Since the tenperature and salinity at which the prawns were captured

was sinilar in all three groups (table 28), because there hras no

nortality in the control salinity (30u¿ in each group and since there

appeared to be no significant difference in the degree of nortality

at salinities tested in all three experinents. (table 28), the results

of the experiments vrere combined. The cunulative percentage rnortality

after two days and ten days exposure is shown in Table l-9 and

graphically in Figure 29. These results show that there $'as a

fairllz broad range from 22.59ooto 55%oin which the mortality is less

than 10% after two days exposure to the experimental salinities, and

that more than 50% of the prawns died in salinities less than about

L59^ After 10 days erposure nortalities less ttran L09o occurred in

a very narrow ïange of salinities fron about 32.5e-to 4Oe-, At

salinities less than 22.5eooã.Ad greater than about 60%"more than 50%

of the prahrns died. However, fron the shape of the curve (fig z9)

it appears that some factor other than salinity nay be causing a

a small number of the deaths especially in the higher salinities.

No deaths occurred at the acclirnatization salinity and in fact

one of the acclimatízatíon aquaria served as the rrexperimentalrr

aquarirrn for this salinity. There,appears to be a sudden increase

in the nortality between 36 and 40e"", after which the nortality

increases in the ex¡lected manner. This factor nay be the shock of

handling or of being briefly exposed to the air during transfer



TA.BLE 18

ClJlvlULAT IVE IvIORTAL ITY OF JWENILE PENAEUS LATTSULCATUS ACCLTMATIZED TO

WINTER TEMPERATURE AND SALINI'I'Y

Salinity e,o

15.5.75, day

5

1 10

2L0
310
4t0
5 10

6 10

770
I 10

9 10

10 10

10 1s 20 2s 30 5s 40 45 s0 55 60 6s

103I1100
10421100
10432L00
104321.00
105 4 3 2 0 0

10643300
107 4 3 3 0 0

107 5 3 3 0 0

107 6 4 3 0 1

10 9 7 5 5 0 1

10 wild
pÏawns
acclinatized
to 36.8eø
and 13.7oC

29.5.73 day

20 wild
prawns
acclirnatized
to 36.1eø
and 13.7oC

4.7 .73, day L

20 wild
prawns
acclímatized
to 35.6e,;a
and 14.4oC

1

2

3

4

5

6

7

8

9

3

4

4

4

5

5

3

3

3

4

4

4

1

1

1

2

3

3

J

J

0

0

0

0

0

0

0

1

L

2

0

0

0

0

0

0

0

0

0

0

1

2

2

3

3

3

3

4

4

4

011
012

22
33

35
36
48
510
s 10

6 11_

712
8 ',13

974
91410

2

3

4

5

6

7

8

9

5

7

oo

L2

L4

t4

15

I6
t7

18

37
42
55
74
95
L1 6

L37
L48
169
L69

1

2

2

3

3

3

3

3

4

4

0

0

1

1

I
2

2

5

3

3

0

0

0

1.

L

1

1

2

2

3

0

0

0

0

0

0

0

0

0

0

1.

1

2

3

3

4

4

4

4

410



TABTE 19

PERCENTAGE I\,IORTAIITY OF JTIVENILE PENAEUS LATÏSULCAT¿|S ACCLIMATIZED TO
+)

WINTER TEMPERATURE AND SALINITY

Salinity %o

initial nurber
of prawns

5101520255035404s5055606s

10 10 50 30 30 50 50 50 40 40 20 20 20

9o mortaLity
day 2

day 10

36.7 r3.3 10.0 8.0 0

90.0 76.7 46.7 22.0 0

100

100

100

100

0 .s.0 7.5 10.0 15.0 30.0

L2.0 L5.0 20.0 25.0 45.0 70.0
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from one aquariun to the other, or the sudden encounter with higher

salinity regardless of the salinity concentration or, nore likely,

a co¡nbination of both these factors. The effect is not nanifest

during the first few days of exposure. Transfer to the lower salinities

does not appear to have the same effect since the nortalities increase

with decreasing salinity in the expected manner after both two and
1.)

ten days exposure.

6.3.2.2. Prawns accli¡natized to sumrner temperature and winter salinity

During 7974 salinities appeared not to attain the high levels reached

during the sumners of other years (for exanple L972 and 1975). This

nay be due to the very heavy rainfall throughout 1973 and 1974. Thus

juvenite P. LatisuLcatus coLLected fron the vicinity of Torrens Is1and

in March and April 1974 were acclinatized to sumner temperatures and

r\¿inter'r salinities. Likewise praüms obtained frorn the Port

Broughton Prawn Culture Centre during April and October 1974 were

also acclinatized to stllnner tenperatures and winter salinities. Six

experiments using prawns acclimatized to these conditions were carried

out, three using ttl,r¡ildrr prawns and three using cultured prawns.

The results are shown in Table 20. As before, the results of the

experirnents were pooled because of the similar acclimatization

temperature and salinity and the apparent sinilarity of results.

However the pooled results of the experiments using wild prawns were

first compared with those of the experiments using cultured prahlns.

(Table 21). From Figure 30 it is obvious that there is no

significant difference between the nortality of wild and cultured

juvenile P. LatísuLeatus so the results lrtere further pooled for lateY

analyses (tabte zz7.



TABLE 20

CUMUTATIVE I\4CRTAIITY OF IWILD' AND 'CI.JLTURED' JWENILE PENAEUS LATTSULCATAS ACCLTMATIZED TO STJMMER TEMPERATURE AND

WINTER SALINITY

Salinity 7""

2.3.74 day

10 wild
Prahrns
acclinatized
to 36.6eoe
and 18.SoC

18.3.74 day

20 wild
plalùns
acclinatized
to 36.9eø
and 18.9oC

s 10 72 15

L:2
¿5

34
44
55
66
76
87
97
10 9

26 30

0

L

1

1

L

2

2

J

3

3

s3.3 35

0

0

0

0

0

0

0

0

0

t

L6.5 20

1

1

2

3

3

3

3

4

5

6

2L.S 25

0

1

1

2

2

3

3

3

4

4

36 39

0

0

0

0

0

0

0

0

0

0

40 45 46 50 55 60 63 65 70

00 11
00 11
00 11
00 11
00 11
00 11
00 11
10L1
102r
1022

4

6

7

8

10

11

11

L2

13

1,4

I
2

3

4

5

6

7

8

9

10

00 2

3

5

4

4

5

6

7

8

8

1

2

2

2

2

3

3

4

5

5

0

1

1

2

2

2

3

3

3

3

0

0

1

1

1

2

2

2

2

3

0

0

0

1

1

1

1

1

2

2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

L



TABLE 20 CONTD.

SaLinity /æ

25.4.74 day 1

5 10 L2 ls 76.5 20

I
2

3

3

4

4

5

,6
7

7

10 wild
Pral¡ns
acclfunatized
to 37.L9-
and 18.1oC

'_2

3

4

5

6

7

8

9

10

2L.5 25 26

0

1

2

2

2

2

3

3

3

3

30 33.3 35 36

100
100
100
100
100
100
200
300
3L0
310

39 4A 45 46 50 55 60 63 65 "70
01
01
01
01
01

.1 1

L1
2t
2L
2L

5.4 .74 day 1

2

3

4

5

6

7

8

9

10

3

5

6

7

9

10

11

11

t3
13

00
00
00
00

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

)

2

2

2

3

J

0

0

0

0

1

1

1

1

2

2

011

20 cultured
Pravrns
acclinatized
to 36.8",q
and 18.8uC

013
L23
223
234
335
346
347
457
467



TABLE 20 CONTD.

Salinity o/"o

1.10.74 day

5 10L2 2L.5 25 26

1

2

2

4

4

5

5

7

7

7

50 33.3 35 36

000
100
200
200
200
200
300
300
500
4L0

20 cultured
Prawns
acclinatized
to 37.3eo
and 19.1oC

19.10 .74 day I 25

225
25 cultured 3 25

Prawns . 4 zsacclr-natlzecl
to 37 ,3e- 5 25
and 19.6oC 6 2s

725
825
925

L0 25

1

2

3

4

5

6

7

8

9

10

15

3

5

8

9

11

t3

t4

16

16

t7

L6.s 20

2

3

4

6

7

8

8

11

L2

L4

39 40 45 46 s0 55 60 63 65 70

00
00
00
01
11
11
1L
27
2L
22

23

2S

25

25

25

25

25

25

25

25

22

23

24
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TABLE 2T

PERCENTAGE }rcRTALITY OF WILD AND CULTURED JWENILE PENAEUS LATTSULCA?T/S ACCLIMATIZED TO SUMMER TEMPERATUR! AND

WINTER SALINITY

Salinity %o

Initial number
of prawns wild
cultured

10
25 25 25 45 25 20 25 20

20
2s 45

50

20 15.5 8

26

25

0

20

5 10 12 15 16.s 20 2L.5 25 26 30 33.3 3s s6 39 40 4s 46 s0 s5 60 63 65 q0

day 2 wlLd

cultured

day 10 wild
cultured

30

100 100 92 24.4 L6

90

100 100 100 82.2 72

0 2.5

L2.5 L0

9.2 t2.5 I

20
25 20 25

15.3 30

ls 16 25 24

20 20 40
2s 40

40
65 25

40
65

40
40

30
25 45

30
20

30
20

50

ls 16

10

10 0

10

2.2 0 004000
00

7.5 0

1.s 0

6.7 t0
2.2 5

65

70 40

55

35 8

t6.723 .3 40

15.6 30 3s 60

70

65 88

TABLE 22

COMBINED PERCENTAGE MORTAL

AND WINTER SALINITY

Salinity e,o 5 10 12 15 1'6.5 20 2L.5 25

initial no- of irrawns 25 25 25 55 25 40 25 40

day 2 100 L00 92 25.5 t6 ls t6 10

day 1.0 100 100 100 83.6 72 67.5 40 3s

ITY OF WILD AND CULTURED JUVENILE PENAEUS LATTSULCATUS ACCLIMATIZED TO SUMMER TEMPERATURE

50 33.3 3s

6s 25 80

4..6 0 0

2085

36 39

105 2s

04
OB

45 46

80 25

L.2 0

rt.z 8

40

105

0

10

50 5s 60

75 50 50

4.0 8 .O L4

16 26 58

6s 70

40 25

27.5 24

67. 5 88

63

25

16

60
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Despite the different acclimatization tenperature, the results of

these experinents are very sinilar to those of the previous set of

experinents. A fairly broad r¿rnge of salinities from â5åo.

to S5%owhere nortalities are less than lO9o" is tolerated for two days

exposure. At salinities less than 15%", 50% of the juvenile

prawns died within two days. (fig :o) . After ten days exposure
t)

to the experinental salinities 50% of the prawns had died in salinities

less than 22.Seooand greater than about 62.Seoo(fig :o). The range of

salinities in which less than 10eo nortalities occurred after 10 days

exposure is extended a little, from 32.S%"to +S%" (fig :o) conpared

to the prawns acclinatized to l.Jinter tenperatures where the range

tolerated was only 32.5%"to 409o" Again there is a sudden increase

in nortality between 36 and 4O%owhich does not appear to be related

to salinity.

6.3.2.3 Prawns acclirnatized to winter ternperature and surnmer satinity

Juvenile P. LatisuLcatus acclímatized to winter temperatures but

rtsuÍunertr salinities hrere obtained during July and August 7975,

and during August 1976. Four experiments, three with cultured prawns

and one with wild prawns,r{ere carried out and the results are

presented in Table 23. Because of the sinilarity of the results of

all four experiments and the fact that there was no significant

difference between the nortality of wild and cultured prawns

in the second set of experiments, these results have been pooled and

are shown in TabLe 24. The pooled results show that juvenile prawns

acclinatized to surnmer salinity and winter temperature have greater

rnortality at the lower salinities than did the prah¡ns acctinatized to

ririnter salinity and sumrner or winter ternperatrre. After two days

exposure, over 50% of the pravms died in salinities less than

2Le""(fig 3t) whereas SOeo rnortality did not occur rmtil ls%¿hrith the
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TABLE 23

CUMULATIVE MORTALITY OF 'WILD' AND 'CULTURED' JWENILE PENAEUS LATISULCATAS
sUMT4bR SALINI'I'Y

ACCLIMATIZED TO WINTER TEMPERATURE AND

Salinity b s

14.8.75 day 7
t

2
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plahrns
acclimatized 4

to 43.7eq 5
and 12.guC
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8

9
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TABLE 23 CONTD.

CUMULATIVE MORTALITY OF IWILDI AND ICULTUREDI JWENILE PENAEUS LATTSULCA?US ACCLTI.,IATIZED TO WINTER TEMPERATURE AND

ST]MMER SALINITY

Salinity ÎL
22.7 .75 rday 1

2

20 wild 3
plawns L
accl imatized
tc 4Q,6eaand 5
1g. 6uc

b

7
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9
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5 10 t2
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prawns acclinatized to hlinter salinity. The situation for 10 day

exposure was sinilar, with 50% nortalities at 30å. and 22.5.%o

for prawns acclimatízed to surnmer salinity and winter salinity respectively.

There is some indication of a sudden increase in nortality of prawns

transferred to higher salinities after 1-0 days exposure. The nortality

increased frorn zero at 4S%"to Ll .4eo at 50eoe but only fron \I.4vo

to 15% over the 509ooto 55%oincrement. However there are insufficient

results to justify drawing anything but a snooth curve through these

points (fig :r).

6.3.2.4 Prawns acclinatizeð to st¡nmer temperature and salinity

Two erperinents with juvenile P. LatisuLcatus accLinatized to summer

tenperature and salinity were carried out in October and November

1976. The prawns were obtained fron the Pt. Broughton Prawn Culture

Centre, and the results of each experinent are shown in Table 25.

Because these results appear to be sinilar and because of the similar

acclinatization, they are pooled in Table 26. In comparison to the

prahrns acclinatiied to winter tenperature and summer salinity, those

acclinatized to sunmer tenperature and salinity appear to have slightly

lower nortality in the lower salinity range. The salinity below which

at least 50% mortality occurred after two days exposure is

79%oin these experirnents (fig 3r) whereas mortality of 50% or more

occurred in salinities below 2!%o in the previous experiments.

After 10 days exposure the difference between the two acclimations is

even more pronormced, the salinity at which nortalities greater than

50% occurred being 26%e anð' 30%o respectively.

The results again suggest a steeper than expected increase in

rnortality in the juvenile prawns exposed to the higher salinities for

10 days.
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TABTE 24

PERCENTAGE }ORTALITY OF WILD

AND SI.JMMER SATINITY

Salinity e,o

AND CULTURED JWENÍLE PENAEUS LATTSULCAN]S ACCLIMATTZED TO WINTER TEMPERATURE
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TABLE 25

CIJMULATIVE MORTALITY OF JWENILE PENAEUS LATISULCA?U^' ACCLIMATIZED TO SI.JMMER TEMPERATURE AND SALINITY

Salinity /oo

10.10 .76 day

25 cultured
prawns
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to 43.6eæ
and 18.9oC

5

r25
225
325
425
s25
625
72s
B2s
925

10 25

1. 20

220
320
420
s20
620
720
820
920

10 20

10

24

25

25

25

2S

25

25

25

2S

25

12

a2

24

25

25

25

25

25

25

25

2S

19

19

20

20

20

20

20

20

20

20

L4

23

24

24

25

25

25

25

25

2S

25

15

22

23

23

24

24

25

25

25

25

25

16

27

22

23

23

23

24

24

24

24

24

18

18

18

19

20

2l
22

23

23

23

23

t4

L4

T4

15

16

76

L7

18

1B

18

20

9

10

I2

t3
15

16

77

18

20

20

7

8

10

11

73

L4

15

16

16

T7

22.5 2.5

54
64

106
729
74 10

L6 L2

77 74

18 16

27 18

2t 18

50 35

10
20
20
30
30
40
40
47
51
51

42.s 45

00
00
00
00
00
00
00
00
00
00

50 55 60 65 70

3

4

6

7.

8

9

10

11

74

T4

40

0

0

0

0

0

0

0

0

0

0

01 2

2

3

4

5

6

7

8

9

9

2

2

3

4

5

6

6

1

1

1

1

1

1

1

t7
T7

20

20

20

20

20

20

20

20

20

20

1B

19

19

19

20

20

20

20

20

20

t7

18

18

1B

18

19

19

19

19

19

3

5

7

8

9

11

T2

L3

L4

L6

19

19

19

20

20

20

20

20

20

20

1

3

4

7

9

10

11

t2

L3

T4

10000 2

2

2

2

3

4

5

6

7

7

1

1

2

2

3

4

5

6

6

6

0

0

0

0

1

1

1

1

1

1

5

3

4

5

7

7

9

10

10

11

1000 0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

2

2

3

3

4

4

4

4



TABLE 26

PERCENTAGE

SaLinLty 7æ

Initial nu¡nber
of prawns

% nortality
day 2

day 10

IvIORTALITY OF JWENILE PENÆUS LAIIS'ULCA1TI,S ACCLIMATIZED T0 SLJMMER TEMPERATURE AllD SALINIfi

s 10 L2 L4 ls 16 18 20 22.5 25 30 35 4A 42.s 45 50 s5 60 65
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100 100

100 100
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0
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6.3.2.5 Analysis

The resufts of mortaliÈy after two days exposure to the experimental

salinities (fig 32) suggests that regardless of the acclimatization

temperature, juvenile P. LatisuT,eatøs accli:natized to sununer salinities

are less susceptible to mortality in high salinities $han are prav\ms

acclimatized to winter salinities. Prawns acclirnatized to winter

salinity have fewer mortalities in low salinities than do prawns

acclimatized to sumer salÍnity.

Acclimatization temperature seems to have litt1e effect on the salinity

tolerance of prawns acclj:natized to winter salinity (fLg 32) but

prawns accli-matized to summer salinity have different responses to

transfer to low salinities !\then acclimatized to summer and winter

temperatures.

The results after ÌO days exposure to the experimental sal-inities

fol-low a sjmilar pattern to those after two days exposure in the lower

salinity range (ftg 32). In the upper salinity range it appears that

of the prawns acclimatized to hrinter salinity, those accfimatized to

winter temperature have a slightly higher mortality than those

acclimatized to summer temper'b.ture. Prawns accljmatized to suntrner

salinity generally have lower mortal-ity at higher sali¡rities than do

pra\Árrìs acclimatized to winter salinity. There is, however, some

confusion due to the unexpectedly high mortality of prawns

acclimatized to summer satinity and ternperature at 55%o (fig 32).

A statistical analysis was undertaken to make more precise esti¡oates

of the salinity at which 50% of the prawns died (LD'O) than those in
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sections 6.3.2.1 to 6.3.2.4, to test the significance of the apparent

differences in the LDUOs and to test for any interaction between

temperature and salinity of acclinatization. The data wene analysed

by the ¡nethod of logits (Cox, 1970) by P.I. Leppard, statistician,

Department of Applied Mathernatics, University of Adelaide.

The logit nodel
o< +0xe"p=

1 + e 
e\+[3 x

where - p is the probability of survival

- c( ffird p are r:nknown parameters to be estinated

was found to satisfactorily fit the data on nortality at reduced

salinities. Ihere were insufficient nortalities in the upper

salinity regine after two days exposure to calculate LD50s. The

nodel could not be fitted to the data for the upper. salinity regirne

after 10 days exposure and it was inadvisable to fit a different

model to this part of the data (P. Leppard, pers corrun.) so precise

LDrOs for 10 days exposure to the higher salinities were not calculated.

The LDrOs and their associated 95eo confidence linits, with respect

to reductions in salinity are shown ín TabIe 27. After

both 2 and 10 days exposure to the experinental salinities there is

no significant difference between the LDrOs of prawns acclinatized

to winter salinity/sunmer tenperature and winter salinity/winter

temperature, so a corrunon nodel was fitted to those sets of

data (tdnte Zl). 0f the prawns acclinatized to sunmer salinity,

there was, however, a significant difference between those acclinatized

to summer temperature and those acclinatized to winter temperature.

The difference was significant after both two and ten days exposure.

The salinity tolera¡ce of juvenile P. LatisuLcaktsto reductions

in salinity was significantly greater in prav¡ns acclinatized to winter

salinity than in those acclimatized to summer salinity.



TABT.E 27

LOGIT ÀNAIYSIS OF TI1E SAIINITY TOLERANCE TO REDUCED SALTNITIES FOR

a) 2 DAYS and b) 10 DAYS EXPOSURE

a) Salinity tolerance after 2 days:

Acclimatization Salinity

Summer Vlinter

o
$l
J

ËbHdOEOrHé¿õØ
H
É
o

..1
+J
rd
N

.Fl

ËilE+J
F{}1

8E

a = -7.64
ß = 0-36

LD-- = 2L.49o/oo
5U

95% confidence limits
(2o.43, 22.øz)o/oo

c¿ = -8.39
ß =' o-41

LD5O = 2o.27o/oo

95% confidence limits
íg.zl , 20.erf/oo

b) Salinit v tolerance after 10 davs:

Acclimatization Salinity

Srrmmer

a = -9.2L

ß = o.35

LD'O =. 26.35o/oo

95% confidence limits
(25.36, 27 .3Ðo /oo

cr = -4.16
ß = O.28

LDso = t+.67o/oo

95% confidence limíts
03.61, 15. ø5)o/oo

Winter

cx, = -5.89
ß = 0.26

LD5o = zz.860/oo

95s" confidence Iímits
(21.8I, 23.gl-)o/oo

*

*o
Sr
É
Ðdt{l{(uOEP{EÉaoØ
H
c
o

.r.{
.tJ
rd
N

..1
Ðrd tr
É0)

.F{ .lJ
rlÉ
o '-loB

a = 10.07

ß = o.35

"o5o 
= 28.8oo /oo

95% confidence limits
(27 .8g, 29-63)o/oo

*prawns acclimatized to winter saÌinities showed no significant difFerence
in salinity tolerance between those acclimatized to summer or winter
temperatures.
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From these results and the graphical analysis it can be concluded that

juvenile P. LatisuLeatus acclímatized to sL¡mmer salinity suffer greater

nortality than do those acclinatized to winter salinity, when exposed

to lovl salinities. lllhen exposed to higher salinity they generally

have fewer nortalities. Acclinatization tenperature aPpears to have

no practical effect on the nortality of prawns acclinatized to winter
i)

salinity, in the lower salinity r¿utge, but to have an effect on

the mortality of prawns acclimatized to surnmer salinity in this

range. In the upper salinity range acclinatization temperature nay

have a slight effect on the nortality of prawns acclirnatized to

winter salinity.

6.4 DISCUSSION

6.4 .I The effects of acclinatizatío¡ on salinitv tolerance

The results show that the salinity tolerance of juvenile P. Lq.tisuLeatus

increases slightly when the acclirnatization ternperature is increased

from 14oC to 18.SoC, especially in prawns acclimatizeð' to summer

salinities. This is in agreement with Zein-Eldin and Aldrich (1965)

who found that the salinity tolerance range of postlarval and juvenile

P. aztecus generally increases with tenperature. Venkat;aramiah

et aL (L974) however, fotmd that in direct transfer experiments the

salinity tolerance range of juvenile P. aztecus was wider in prawns

acclimati zed to 21.oC anð 26oC than in prawns acclimatized to 31oC.

These temperatures are in the upper range of tenperatures investigated

by Zein-E1din and Aldrich op eí,t and it was found that the survival

of P. azteaus was reduced at temperatures approaching 35oC regardless

of the salinity. This rnay explain the apparent conflict between their

general conclusions and the findings of V,enkatanariah et aL (Lg74).
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It is not knoh'n why the range of salinity tolerance of juvenile

P. LatisuLeatus tolerance appears to be extended more by increased

temperature when the prawns,are acclimatized to srunmer salinity than

when they are acclimatized to winter salinity. A possible explanation

night be that the offshore migration of subadults occuls in the

warmer months and is towards waters of lower salinity than in the

nursery areas. The extension of the range of salinities toterated,

especially in favour of the lower salinities would therefore be

advantageous. Prawns acclimatized to winter salinity would experience

very little salinity change if they r.¡ere to rnigrate offshore

and therefore an extension of the tolerance range would be of little

advantage. Increasing water temperatures aïe generally associated

with increasing salinity as the sunmer approaches and it may even

be an advantage for juvenile prawns acclimatized to winters to have

an increased tolerance to high salinities at higher ternperatures,

but there is no evidence from the results of such a shift in the

salinity tolerance.

The experinental results clearly show that regardless of the accli-

mattzatíon ternperatr:re the salinity tolerance of juvenile P. LatisuLeatus

is dependent on the acclimatization salinity. Less than 10% of the

pravrns acclirnatized to 36eooðied in the salinity lange 24%"to 56eø

When exposed to experimental salinities for two days. In the case

of prawns acclirnatized to surnmer salinity (42.5eòô the range of salinity

in which less than 10% died withj-n two days was 27 .5%o to approximately 6le"o

This shift in the range of tolerance is in agreement with the findings

of Venkatararniah et aL (1974) that depending on the acclirnatization

salinity the range of tolerance of juvenile P. azetcus could be

extended from the norrnal 8.5 to 34%"ei-ther towards the lower or higher

salinities. Bursey and Lane (I97La) found that acclimatization to
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low salinities reduced the nortality of juvenile P. dtønotwn ex¡rosed

to low salinities. Their data however, do not show any extension

'in the range of tolerance of this species.

The ability of juvenile P. LatisuLcatus to shift the range of their

salinity tolerance depending on the acclinatization salinity is of

importance in the ecology of this species. fn South Australian

waters and in Shark Bay, the usual physico-chenical environ¡nent of

juvenile P. LatisuLeatus ís hypersaline. The hypersalinity is due to

low effective rainfall and freshwater.run off, combined with high

rates of evaporation (Thomas and Edmonds,1956). The salinity thus

increases gradually, during which ¿i¡s:juvenile P. Latísulcahts

becorne acclinati zed to increasingly'higher sal,inities. This

extends the tolerance range towards.the higher salinities and thus

represents an adaptation to the hypersaline environment.

The fact that acclimatization to low salinity leads to a reduced

tolerance to high salinity is not a disadvantage to juvenile P. Latisuleatus

living in a generally hy¡rersaline environment because sudden increases

in salinity are not likely to occur. Increases in safinity occur

gradually due to evaporation thus allowing.prawns to acclinatize to

increasingly higher salinities. In any case salinities higher than

55%,have not been measured in Spencer or St. Vincent Gulf waters and

this salinity is within the range tolerated to juvenile P. LatísuLcatus

acclinatized to winter salinity. Higher salinities, up to T)eooocctJT

in Shark Bay, but juvenile P. LatisuLcatus are generally not found in

waters where the salinity exceeds 60%o- The ability to shift

the range of salinity tolerance depending on the acclinatization

salinity therefore appears to be rnore advantageous to a species such

as P. LatisuLeat¡zs which inhabits a hypersaline habitat in inparting
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increased tolerance to high salinities than in extending the range

of tolerance to low salinities.

6.4.2 Salinity tolerance of juvenile P. LatisuLeatus compared to that

of other penaeid pTawns

í)

Despite the economic inportance of the penaeid crustacea in both

fisheries and aquaculture there have been few studies of the salinity

tolerance of these species, especially of the juvenile stages.

Willians (1960) found that the survival of juvenile Penaeus azteeus

was not as good as that of P. duorqrum over the r¿rnge of 10 to 309oo

Zein-Eldin and Aldrich (1965) found that postlarval P. aztecus had

a tolerance range fron 10 to Sgeooat 25oC, and this is in agreenent with

the findings of Venkatararmah et aL (1974) that postlarval P. aztecus

tolerate higher salinities than do the juveniles. Juvenile P. aztecus

could survive direct transfer in the normal tolerance range of 8.5

to 34e,. This range could be extended to 3.4%"to 47.6%owith

acclimatizatíon Vankatanariah(At q.L,) Less than ljeo of juvenile

P. duoy,artm acclimatized to salinities between 33 and 36eo"and temperatures

of 22 to 24oC died when transferred directly to salinities ranging

between 20.4 and 47.6eo"and most of the mortalities occurred during the

first 24 hours (Bursey and Lane 797La) Besides th'ese studies,

circumstantial evidence derived from the distribution of juvenile

penaeid prawns in relation to salinity suggests that nany species

are tolerant of low salinities.

T?re range of salinities over which nortalities of juvenile Perneus

LatisuLcatus are less than L09o aftet two days exposure is fron aporoximately

25 to 30%"up to 55 to 60%odepending on the salinity and to a lesser

extent the tenperature acclinatizatíon. In cornparison to P. aztecus
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and P. duonarwn, juvenile P. LatisuLeatus appear to be less tolerant

of low salinities but more tolerant of higher salinities.

It is advantageous to discuss the salinity tolerance of juvenile

P. LatisuLeatus in terms of the survival curve as defined by Dorgelo

(1976). The maximt¡rn of the survival curve nay be extended to a

plateau, meaning that a range of salinities instead of one value has

the same survival value. Using this concept Dorgelo (1976) has

classified the salinity tolerance of Crustacea into five main

categories (fig 33). The survival curves of P. aztecus, P. duov'arwn

and P. LatisuLeatus are shown in Figure 34. These curves appear to be

intennediate between types II and III of Dorgelo (1976) . P. azteeus

is an example of an extrenely euryhaline species, tolerating the entire

range of salinities from marine to alnost limnetic conditions equally

we11. The tolerance to hypersaline conditions drops steeply between

47.5 and 55vø. P. duoroz,um is nuch less tolerant of low salinity than

P. aztecus but is rnore tolerant of high salinities and this nay

reflect an adaptation to the drier coastline along which this species

is found (Gtnter and Edwards 1969). The tolerance of P. LatísuLcatus

to low salinity is slightly'less than that of P. duoratum, and this is

in keeping with the h¡persaline conditions in which juvenile

P. LatisuLeatus are generally found. The tolerance of P. Lat'LsuLcatus

to high salinities is markedly greater than that of both P. azteeus

and P. duov,arum.

The increased survival of P. LatisuLcatus at high salinity conpared to

that of the other penaeid species for which data are available indicates

an adaptation to the hypersaline habitat

In South Australian waters and in Shark Bay, juvenile P. Latisuleatus

are usually acclirnatízed to salinities greater than 40%oand under
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FIGURE 33

FRoM mRGELO (1976)

CLASSIFICATION 0F SALT TOLERANCL AS I'IODIILLLI) IIY

MEANS OF SURVML CURVES. TYPE I: POLYSTIINOIIALINE,

TRUE OCEANIC SPECIES. TYPE II: Ì.4ORE oR LESS

EURYHALINE SPECIES FROM IIYPERSALINE, }IARINE, INTERTIT)AL

OR ESTUARINE ENVIRONMENTS. TYPE III: EXTREI'ÍELY

EURYfIALINE SPECIES TI{AT TOLERATL I'IARINE AS WELL AS

LIMNITIC CONDITIONS EQUALLY ltlELL. TYPE IV: l'ORtr

OR LESS EURYHALINE, GENUINE BRACKISH-WATER SPECIES.

TYPE V: OLIGOS'IENOILALINE, TRUE FIìESH-WA]ÏR SPECIES.

ARROWS INDICATE VARIATION IN TIII LENGTII OF 'IH[

PLATEAU OR IN STEEPNESS OF T}IE ST,OPES. IN TYPES

I AND V THE ARROWS ARE ASYMMETRICAL IOI',ARDS

I'IARINE AND LIMNETIC CONDII'IONS, RESPECTIVELY.

MAXII'I,AL SURVIVAL IS INDICATED BY A ZONE TO

CLARIFY TTIE DIAGRAM.
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these conditions survival is reduced in salinities less than 30eoo.

Since salinity in the nursery areas can be reduced fron values as

high as 50%" to less than 10%o following heavy rainfall and local

flooding, such events are of great irnportance 'to the survival of

juvenile P. Latisulcaüts in the nursery areas
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C}G,STER SEVEN

osr40Trc ATID IONIC REGULATION OF JIIVET{ILE P. LAIùSULAAIUS

7.I INTRODUCTION

Juvenile Pønaeus LatísuLcatt¿s occwt naturally in salinities up to

5O8o in Spencer Gulf and 6OBe il Shark Bay. The tolerance of prawns

from these localities to hr,gh salinity is probably greater than that

observed in the laboratory ocperiments since it has been shown that

the salínity tolerance is influenced by the field acclimatization,

and in the laboratory experiments prawns were acclimatized to 42.58o.

It is therefore of interest to e)ranine the osmotic regulation of

juvenile P. LatisuLcq.tus to determine the physiological basis for

this wide salinity tolerance-

Species in which the haemolymph is isosmotic with the external medir:m

over the range of salinities tolerated (osmoconformers) are generally

of marine origin and have a limited salinity tolerance. Species

that maintain the haemollzmph hyperosmotic to the mediun in diluted

seawater but are isosmotic in high salinities (hyperosrnotic regulators)

are usually estuarine inhabitants which are usually exposed to dilutions

of seawater. Those species which maintain the haemolymph hyperosmotic

to dil-ute media and hlpo-osrnotic to concentrated media (hyperrzhypo-osmotic

regulators) come from a variety of habitats that are likely to be

associated with fl-uctuating salinities. These species generally have

a wide range of safinity tolerance (Icckwood, L962).

The pattern of osmoregula has been studied in a number of

penaeid prawns. Metapenaeus morloeeros (Panikkar and Viswanathan,

Lg48) , M. dobsoní, Penaeuts in&ieus and P. caTinatuß (Panikkar , a95L) '

P. a3teelts (Wil tiams, L96O¡ MacFarland and Lee, 1963) , P. dUoyat"um

: (¡.



-99-

(vtilliams, Lg6o; Bursey and Lane, L97La,b), P. setiferus (MacFarland

and Lee, Lg63) and l4etaperøeus bennettae (Da11, 1964) have been found

to be hyper/h1po-osmotic regulators. Of these species M. bennettae

is unusual in that it still has the ability to regulate the haemolymph

hlpo-osmotic to the medium in salinities above 2O4p yet,it does not

nr-igrate out of the estuarine environment (DaIl , 1964). Osnoregulation

has been studied in two stenohaline penaeid pravrns, Trachypenaeus simiLis

anð, Sicyonia dorsalis, and these species are capable of hyperosmotic

regulation but do not show the marked hy¡n-osmotic regulation

characteristic of PøtAeus setíferUs and P. azteeus when exposed to

high salinitíes (MacFarland and Lee, 1963) -

Because of the occurrence of juvenile P. LatisuLcatus Ln hypersatine

waters and the results of the salinity tolerance experiments,

P. LatísuLeatus dnouLd be capable of hypo-osmotic regulation in high

salinities and that their povrers of hlperosmoregulation might be

reduced compared to that of the other eury häline penaeids so far

examined, afl of which inhabit estuarine waters while juveniles.

Bay1y (Lg72) al-so holds the opinion that P. latísuLeaúzzs should be

capable of hypo-osrnotic regrulation in high salinities. based on the

distribution of the species in Australian waters. In addition the

isosmotic point of juvenite P. lntisuLcatus might be expected to be

greater than that observed in juveniles of other penaeid prawns which

live in salinities fess than normal seawater. This would be in

agreement with the findings of Brand and Bayly (I97L) that the

isosmotic points of four species of cal-anoid copepod.s were correlated

to their natural distributions in relation to salinity.

The ability of an animaf to maintain the osmotic concentration of

the blood at a different level to that of the external- rnedium is
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a finction of its ability to regulate the concentration of the various

ionic constituents of the blood. Ionic regulation has been studied

in Penaeus setiferus (MacFarland and Lee, 1965) , P. duorarum (MacFar1and

and Lee, L963; Venkataraniah, Lakshmi and Gtmter, Ig74) and in

Metaperneus bennettae (Dall L964, 1967b). rt is of interest to

investigate the regulation of haenolynph ions in P. LatisuLeattts ín
i.)

order to deternine whether any narked difference exists between the

ionic regulation of this species and that of the other penaeids.

During the course of these osmotic and ionic determinations it becane

apparent that for Pral¡rns at high salinities the osnotic concentration

of the haenolymph could not be conpletely accounted for by the ionic

concentrations. Free amino acids have been found to be inportant

in the osmoregulation of some crustacea (Dall, 1975). Although they

have generally been considered to be associated with osrnoregulation

at the cellular level (Kasschau, 1975; Tucker and Costlow, 1975)

Gilles (L977) has recently shown that the concentration of free

anino acids in the haenolpnph of Enioeheir sinensis varies according

to the salinity of the mediun. Therefore the level of anino acids

in the haemolymph of juvenile P. LatísuLcatlrs exposed to high and low

salinities v¡as investigated.

7.2 METTIODS

7.2.1 General Methods

The general nethods of collection of juvenite P. LatisuLcakts and

their maintenance in aqr:aria have been discussed in section 6.2.1

Haemolymph sanples were taken from both wild and cultured juvenile

pravJns but most were taken from cultured prawns because of the ease
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of collecting rarge numbers' The juvenile pral^¡ns were returned to

Iaboratory in 50 L plastic bins and. were left to equilibrate to the

Iaþoratory te$perature (f8.5oc) overnight. Except for the prawns

maintained at 1O8o to 12.5%orwhich were gradually acclimated to these

salinities by dilution of the medium by daily increments of 2to ' prawns

were transferred directly from the water in which r.-hey were obtained

to the experimental salinities v¡hich ranged up to 1O%o. Some osmotic

and ionic measurements were made on the survivors of the salinity

tolerance experiments described in Chapter 6. In this case the prawns

had been e4posed to the experimental salinities for at least 10 days

and were considered to be accli-rnated to those salinities. Bursey and

Lane (I97Ia) found tJ:at juventLe Penaeus duorarum reached osmoÈic and

ionic equilibrium with experimental med.ia within 48 hours, but in the

present study haemollzmph was only taken from juvenile P. LatísuLeatus

which had been exposed to experimental salinities for at least one week.

The prawns were fed until 48 hours prior to sampling. Since the osmotic

and ionic concentrations in the haemollzmph of P. duorarum vary during

the moult cycle (Bursey and Lane, 1971b) only intermoult juvenile

P. LatisuTeatus were sampled. Intermoult prawns were identified after

the method of Bursey and Lane (1971b).

Haemolymph was first withdrawn from each juvenile pra\¡¡n by inserting

a previously unused 2OþI glass "Microcap" capillary tube tþrough

the intersegmental membrane between the cephafothorax and the

first abdominal segrment, and into the pericardial cavity, after

the method of Bursey and Lane (I97Ia). However, the haemollanph either

coagulated almost immediately on puncture of the interseqmental

membrane, or else spurted out to form a thin film on the exoskeleton

and in either case \^ras difficult to recover. It was later found that

the microcapillary tube could be inserted through the base of the

5th wa]king leg and the haemollzmph then flowed easily into the
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tube or could be drawn out by suction applied through a length of

vinyl tube (Medical Grade single h¡nen clear vinyl tube, catalogue

number SV55, Dural Plastics, Dural N.S.W.) attached to the distal

end of the glass capillary tube. Most of the haenolynph sanples

were taken in thís way.

7.2.2 Osnotic determinations

Measurernents of the'osmotic concentration of the haenolynph were

made with a Kalber Biological Cryoscope (Serial nr¡mber 007, Clifton

Technical Physics, Wanamassa N.J., U.S.A.) calibrated to read

directly off a digital scale in freezing point depression ilA rr

¡¡rits.

The cryoscope was calibrated to read zero with double distilled

water andAZ0C ruith a standard solution of 0.585 M NaC1. A series

of standard solutions ofA0.5, 1.0, and 3.50C *"t" made up, having

concentrations of 0.145, 0.545 and 1.010 nolar NaCl. These standards

were used to check the linearity of the calibration and to make

adjusünents to account for slight shifts in the cafibration between

measurenents.

After extraction,the haenolyrnph was drawn up into the length of

vinyl tubing. The glass capillary tube used for extraction of the

haernolymph was removed from the end of the vinyl tube and replaced

by a previously r:nused rnicropipette through which snal1 drops of

haenolpnph could be forced out onto the freezing stage of the

cryoscope. Six small holes in the freezing stage were first fiIled -

with nicroscope irnrnersion oil then replicate sanples of the haenolymph

were placed into the holes, forming droplets in the inmersion oiI.
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The hae¡nolynph was quick-frozen then gradually warrned up and the

temperature at which each droplet nelted was recorded.

7 .3.2 lonic Deterninations

Measurements of the ionic concentrations in the haenolymph of juvenile

penaeus LatísuLeatus were nade oiai samples taken fron prawns exposed

to salinities over the range T}eooto 70%"at fg.SOC for at least two

days. Measurernents of ionic concentrations were sometines nade in

association with the osmotic detenninations described in section

7 .2.2.

Haemolynph samples were taken with a 20¡ll' rrMicrocaprr glass capillary

tube attached to a length of vinyl tube through which suction could

be applied by nouth. Each 20¡1 sanple was inmediately blown into

a plastic sanple tube containing 5 rnl- of double distilled water,

giving an effective dilution of 7:25L, antd frozen rmtil analysis.

The concentrations of sodiun, potassium, calcium and magnesiun ions

r{ere measured by atomic absorbtion spectrophotometry (Geddes

1975) with a 'tly'arian Techtron'r rnodel 1200 atonic absorbtion spectro-

photometer.

An air-acetylene flame was used for atonization of the sanple. The

spectrophotometer was calibrated against standard solutions of known

ionic concentrations to read directly in parts per nilfion (1rc/nL).

The standard solutions were prepared according to the recommendations

contained in the cornprehensive manual provided with the spectro-

photometer (Varian Techtron, 1972). Likewise the instn¡nent was

set to the recornrnended values of lamp current, spectral band width

and wavelength to obtain the optimum sensitivity. One (1)nl of



- 104-

the diluted sample was sufficient for the deternination of Na+,

K+ and Mg**. For the measurement of C.**, SS¡l of a 200,000 ppn

strontiun solution was added to 1.5 nl of the diluted sanple to

prevent interference.in the ionization of the calciun giving a final
dilution of L2257.

7.2.4 Amino acid determinations - nethods

The concentration of free arnino acids in the haenolymph of juvenile

P. LatisuLeatus was deternined for two groups of pravlns

acclinatized to 30eo"and 55%"salinity. Juvenile prawns from the pt.

Broughton Prawn Culture Centre were held in the laboratory in these

salinities for at least one week before sanpling.

Haemolynph samples (zoyt) were withdrawn fron each prawn and the

protein was precipitated by the addition of 2 mls of L0% trichloracetic

acid (TCA) . The precipitated protein was c&rtrifuged out of suspension

at 3000 rpm for 5 ninutes in a desk centrifuge. The supernatant

was drawn off and retained. The precipitant r,,¡as resuspended in a

further 2 nls of 10% TCA and again centrifuged out of suspension.

The supernatant was drawn off and added to that obtained previously.

The plasna solution v¡as therefore diluted by 1_:200 in 10% TCA.

A' 20¡l sanple of seawater of each salinity was treated in the same

manner as the haemolymph samples.

The nodified ninhydrin colorinetric analysis of Rosen (19s7) was

used to deternine the concentration of free amino acids in the

samples. T?re opticar densities were measured with a perkin-Elmer

model L24 doubLe bearn spectrophotometer at a wavelength of s7onJ"l.

since Dall (1975) fornd that glutanic acid is one of the inportant
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amino acids associated with the osnoregulation of PanuLirus Longípes,

a triplicate series of stândards were rnade up from a stock solution

of 0.01M gluta,mic acid by adding 5, 10, 15, 20, 30, 40, 50 and 70/.1

aliqhts to 1nl of 1.0% TCA. The optical densities of the

ninhydrin compound produced by treating the standards in the sane

r¡ras as the haenolynph sanples were measured. A calibration curve of
i.)

the nolar concentration of glutanic acid against the optical density

could then be drawn. Since each anino acid reacts with the ninhydrin

reagent in the s¿rme $¡ay, (Rosen, 1957) the combined molar concentration

of anino acids producing a given optical density will be the sane as

the nolar concentration of glutanic acid (or any other particular

anino acid) producing the sane optical density.

7.3 RESULTS

7 .3.L Osnotic regulslien

There was very little variation in the freezing point depressions of

the six replicate sanples of haenolynph fron each individual prawn,

except for the consisté,ntly higher value of the first sarnple loaded.

It was thought that evaporation of the sanple from the tip of the

micropipette could lead to this difference. Since this experinental

error could not be adequately accounted for, theAs from replicate

1 are not included in the results (Appendix H). After elininating

this first replicate the greatest variation between the renaining

five replicate samples from an individual prawn is fronA2.5650C

1oÃ2.ESOOC in one prahtn exposed to a saliníty of 54e-. In nany

cases there is no variation. at all between replicate sanples and in'-

most cases the variation is not greater than t O.OOsOC. T?te mean

of the five replicates recorded in Appendix H is thus used as an

estimate of the freezing point depression of the haemolynph of each prah¡n.
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There were very few detenninations made on the haenolymph of wild

prawns. A wild prawn exposed to Lseoohad a haenolymph freezing point

depression of A1 .sZg}c conpared toAL .szs}c andAl .Zsl0C for cultured

prawns. The nean freezing point depression of 5 wild pravJns

exposed to 36eo,was for.rrd to be^,1.7510C while the mean freezing point

depression of 4 cultured pravms exposed to the t*",,t.ttnity was

A r. zszOc. At 4oe*z wird prawns had haenolyrnph A s of t.974 and

1.931 compared to 1,880, L.go4, L.gg4, 2.208 and 2-034 for the 5 cultured

prawns. wild prawns exposed to salinities of 42.5, 47.5, 54, 63

and 7|e*had haenolyrnph freezing point depressions correspondingly

sinilar to those of cultured prawns exposed to the sane salinities

(Tab1e 28) .

These results suggest that there is no significant difference between

the haenolyrnph freezing point depressions of wild and cultured p1awns

exposed to the sane salinities '

The mean freezing point depression of the haenolpnph fron each group

of prawns exposed to the same salinity and the freezing point

depression of the mediun are plesented in Table 39' The mean freezing

point depression of each group of prawns is obtained fron Appendix H'

and includes the data fron both wild and cultured prawns. The

freezíngpoint depression of the nediun is the mean of 5 replicate

deterninations. Figure 35 relates the freezing point depression of

the nedium to the salinity. The values aTe very sinilar to those

drawn from standard tables relating freezing point depression to

salinity (Chernical Rubber Conpany, L972-73), and this serves as an

additional check on the accuracy of the procedure

Fron these results it can be seen that juvenile P' Latisuleahts

maintain the haenolymph at higher osnotic concentration than the



TABLE 28

MEAI\¡ FREEZING POINT DEPRESSION OF TFIE HAEMOLYMPH OF JWENILE P. LATTSULCATUS
^"c

Salinity of
mediun 7oo

10. 0

15. 0

19.6

2A.0

24.5

27.5

30. 0

35. 0

56. 0

40. 0

42.5

47 .5

54.0

s9. 0

63.0

67 .5

70.0

Aof ot
meo1um L

0.535

0.786

0.990

1. 010

L.230

1 .450

1. s80

L.820

1 .900

2.t05

2.230

2.475

2.795

3.125

3.280

5. 540

3.700

m¡mber of
praums

3u

3

B

3

4

6

2

2

I

7

5

5

3

3

4

3

3

Mean A of
haenolymph "(

L.269

1. 503

T.3L4

t.4L7

r.483

1. s48

1. 61-6

1 .658

7.764

1 .964

I.97L

2.t27

2.388

2. 558

2.797

3. 035

3.307

S.D.

0.029

0. 039

0. 080

0.024

0. 101

0.104

0. 108

0.022

0.074

0. 060

0. 063

0. 048

0. 054

0.059

0. 093

0. 098

0.036
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external nediwn in salinities less than 30%othe haemolymph is naintained

at lower osnotic concentrations than that of the medium. The

relationship between freezing point depression and osnotic pressures

of the nediun and of the haenolymph is shown in Figure 36. The

O.P. of the haenolymph increases gradually fron 690 mOs/kg HrO

to 1030 n0s/kgHr0 as the salinity rises fron 10%" to 37+o,

after which it approximately parallels the increase in 0.P. of the

mediun, but renains below the isosrnotic line. The isosnotic point

is at 860rn0sn/KgHr0

7.3.2 Ionic Regulation

The concentrations of sodiun, potassium, calciun and magnesiun in

the haemolymph of each juvenile P. LatisuLeatus sanpLed are set out

in Appendix I. Tables 29 to 32 show the ionic concentrations in the

haemolymph of juvenile prahllls erposed to the various experinental

salinities for at least one week at 18.5oC. Each value represents

the nean of between 5 and 2L sanples each from a different prah¡n,

except for those at 66%owhere only one prawn was sampled. The high

values of the standard deviation of each nean indicatè a large degree

of variation in the levels of the four cations between sanples taken

fron prawns exposed to the same salinity. This rnay indicate that

there is some individual variation in the ability to regulate the

four cations. However, the variation nay be due to the involved

analytical procedure and in particular to inaccuracy in dilution of

the sarnples.

P. LatisuLeatus haemolymph coagulates very quickly and nay adhere to- the

capillary tube so although the haenolymph was dischatged into the

diluent as quickly as possible after extraction, and the solution

drawn up and dor¡¡n the capillary tube several times to wash it out,



TABLE 29

CONCENTRATIONS OF SODII.'M IN THE TTAEIvIOTYMPH OF JI.JVENILE P. LATISULCATUS

Salinity of
nediurn (þ

11 .5

!2.s

16. 0

28.5

31. 5

34.5

39. 0

39. 5

41.5

44 .0

50. 5

65.5

66. 0

--+-Na r-n
nediun (ppm)

No of haenolynph
sanples

Mean Na+(pp,n )

in haenolynph
S. D. as 9o

of the nean

19.5

I.4

16. 1

L6.4

5.6

14. B

18. B

1_5. 0

11.5

7L.4

7.1

10. 3

2698.5

3328.5

4588.5

8137.5

8946.0

L0227 .0

11_5s0. 0

11655.0

121,L7.0

727L5.5

7s762.0

19s40.5

21409.5

10

13

10

10

concentrations in ppm. (yV/nL)

6

8

20

10

8

5

B

6408.0

6793.3

702r.7

8768.7

9676.t

9688. 1

10288. r.

10987. s

717L4.7

LL679.2

1,1837 .2

I3t72.s

20780.4

S.D.

72s3.2

96.6

1131 .6

1436.4

544.3

1430.0

1941. s

1654.9

7274.3

L327.5

839

1359.5

11

1



TABTE 3.Ci

CONCENTRATION OF POTASSIW IN THE H,AEIvIOLYMPH OF JI.TVENITE P. LATTSULCATUS

Salinity of
nediu¡n 7o,

11. 5

12.5

16. 0

28.5

51.5

34.5

39. 0

39.5

41.5

44.0

50.5

65.5

66. 0

rK' in
nedium

No of haenolymph
samples

10

9

27

10

B

8

t2

L3

10

10

Mean K+
in haenolymph

372.2

378.r

385. 0

400.5

431.3

425.8

486. B

449.4

s26.4

s48.4

601.1

678.8

988 .9

.asa
f the mean

S.D s.D
9oo

2L4.2

275.3

297.3

4L6.4

473.5

5L3. 5

s59.5

549.5

559.6

s70.6

807. B

851 .8

620.6

6

144.5

96.2

74.2

t20.7

78.5

97 .7

42.1

87. 0

It2.9

97.5

57.4

157. 0

38.6

25.4

L9.2

30. 0

18. 1

22.7

8.6

L9.4

21.5

17.8

9.5

23.L

5

1

concentration in ppn 
lrS/nl-)



TABLE 31

t)
CONCENTRATION OF CAICIIJM IN TI-IE HAEI\,OLYMPH OF JI,JVENILE P. LATISULCATUS

Salinity of
nediurn /o,

ca** i'
¡nediun

195.6

2L8.5

282.7

393.2

420.7

434.6

449.8

460.0

470.3

498. 6

s06. 3

534.6

478.0

++
Mean Ca
in haemolymph

627.O

658 .3

686.4

89s .9

910.4

947.5

937 .L

945. 3

973.3

t042.5

L069.7

LLL2.O

tztL.7

S.D. as a %

of the nean

16 .9

L7.5

37 .5

23.7

15.5

34.7

24.6

15. 1

L2.6

12.6

L2.4

L4.6

11.5

12.5

16. 0

28.5

31. 5

34.5

39. 0

39. 5

41 .5

44.0

50.5

6s.5

66. 0

No of haenolymph
sanples

10

6

9

2T

10

8

5

B

l2

T3

10

10

1

S .D.

106.6

Lts.2

256.9

2t3.9

141 .5

329.9

23I.7

143. B

123.3

13r..6

L33.6

t62.r

concentrations in ppn (4e/nt)



TABLE 32

CONCENTRATION OF MAGTIESII.JM IN THE HAEMOLYMPH OF JWENILE P. LATTSULCATUS

Salinity of
nedium

11. s

t2.s

16. 0

28.5

31.5

34.5

39. 0

39.5

41.5

44.0

50.5

65.5

66.9

Mg** in
¡nediun

'rr
Mean Mg"
in haemolymph

170.0

105.0

t27 .3

205.8

158.6

L71.6

396. 0

434.6

237.2

306.1

288.6

509.2

790.L

No of haenolynph
sanples

10

6

9

2L

10

8

5

I

10

L4

10

10

1

S.D. SDasa%
of the mean

'20.5

L3.3

39. 1

39.3

30. 1

42.7

25.4

63.9

37 .4

48 .0

81 .3

50. 5

7 06.7

541.5

609.6

1098.1

LL42.L

L252.3

1459. 5

L335.3

1496.5

L620.6

7732.7

24s4.5

157s. 6

34.9

14. 0

49.7

80.6

47 .8

7 3.3

L00.7

278.7

88.8

L46.9

234.6

297 .5

concentrations in ppm (rUe/nt.)
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some coagulated haemolynph nay still have adhered to the capillary

tube. It was not possible to distinguish between these two possible

sources of variation since only very snall volurnes of haemolymph

could be extracted fron each prawn and therefore replicate deterninations

could not be made. In the case of Na+, K+ and c.** th"te is no

apparent pattern in the variation, but the ability to regulate Mg++

appears to becorne nore variable as the magnesium concentration in

the external nediun increases (tabte :z¡.

The pattern of sodiun regulation is shown in Figure -37. It can be

seen that the hae¡nolyrnph of juvenile P. Lat¿suLeatus is isionic

with the external nedium at 9500 lg/rtù. Below this fevel

sodium is regulated hyperionic to the medium, and above it is

hypoionic. The degree of hypoionic regulation appears to increase somewhat

in the higher salinity nedia.

Potassiu¡n is also regulated hyperionic to the rnedium in low salinities

and hypoionic to the nedium in high salinities (fig 3z). The

isionic point is at 4OO þg/ml of potassium and this concentration

occurs in seawater of about 28%"salíníty. Unlike the sodiun regulation,

potassiun is maintained at about the same level throughout the range

of hypoionic regulation.

The concentration of calciun in the haemolynph is always greater than

that in the medium (Table 31) but increases as the concentration in

the nediun increases. There is some tendency for the calciun concen-

tration in the haemolynph to leve1 off at the higher concentrations

in the nedium (figure 37). and to a lesser extent to maintain

similar levels in the very low salinities. The concentration of

magnesiun in the haenolymph rernains lower than that in the nedium

throughout the range of salinities tested (Table 32), There is
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some tendency for the magnesitsn concentration in the haemolymph to

increase as the concentration in the nedium increases (fig 37) but

the nagnitude of increase is small.

Frorn tabtes 29:to 32 'it can be seen that the relative proportions

of the cations remain similar legardless of the salinity except in
I

the case of the prarlrn held at 66e* This nediun was prepared by

dissolving unrefined salt in seawater, and thus contained a dispropor-

tionate amount of sodium. Figure 37 shov/s that if the haenolynph

concentrations at 66vo.are plotted with the concentrations fron the

remaining salinities, the values are well above those that would be

expected.

That sodiurn is the doninant cation can be seen from Figure 38 which

Tepresents the combined concentrations of cations in the haenolymph

plotted against that in the rnediun. The concentration of sodiun

only is also shown and it can be seen that the pattern of cation

regulation is sinilar to that of the sodium regulation.

7.3.3 Anino acid concentrations

The molar concentration of glutamic acid in the standard solutions

and the optical densities of the product of the ninhydrion reaction

are shown in Table 33. It can be seen from Figure 39 that Beerrs

Lawrthat the optical density (0.D.) is directly proportional to

concentration (Rosen, 7957)rholds over this range of concentrations

and the:efore a linear regression of the fo::n concentration

(c) =a+ bxo.D.

can be calculated. The relationship was found to be:



TABI.E 3,3

¡l of Glutanic acid
stock solution
(0.01n)

0

5

10

15

20

30

40

50

70

Y x i.t

i:lää)"ä":tiå:i:" . o-D. (tripricare determinations)

0

49.75

99. 015

147.84

796.I2

291.24

384.61

47L.93

654.54

0

0.050

0.070

0.125

0. 155

4.245

0.325

0.404

0. 570

0

0.029

0. 075

0.726

0.764

0.235

0.325

0.410

0.s73

0

0. 035

0.0B0

0.725

0.175

0.328

0.328

0.410

0.575

*This is the concentration in the lml aliquot before treatnent with the
ninhydrin reagents. A further 1:6 dilution occuïs during treatnent.
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where
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C = 6.87 + LL4l.71 0.D.

(Coefficient of deternination, 12 = 99.998).

(C) is the concentration of glutanic acid in M/L

This expression can be used to evaluate the molar concentration of

free amino acids in the haenolym¡lh sanples. Tables 34and35 show

the optical densities of the ninhydrin treated haenofynph samples, and

the concentration of anino acids in the diluted sarnple and in the

haenolymph of prawns exposed to Sle*and 55e-salinity for at least one

week.

The results show that there is a large arnount of variation in the

free amino acid concentrations in the haemolyrnph of juvenile

P. LatisuLeakts, the standard deviation (S.D.) being 33eo and 26%

of the mean concentration for each group of prawns respectively.

Gilles (1977) also found that there was a large variation in the

concentration of free amino acids in the haenolyrylh of Eriocheiv' sinensis,

the standard deviation being about 309o of the mean concentration.

Despite the large variation observed in P. LatisuLcatus haemolymph

the difference between the mean values of each grouP of prawns is

statistically significant. Prawns exposed to 30eoo salinity had a

mean free anino acid concentration of 0.0241 M (table35 ) A Students

ftr test r{as carried out, yielding ^'r44r value of 5.667, which is

significant at th.e l% leve1.

7,4 DTSCUSSTON

7.4.t The relationshiP between osmotic and ionic regulation

It night be expected that the osnotic concentration of the haemolymph



TABLE 34

CONCENTRATION OF FREE AIvIINO ACIDS IN Ï1IE HAEMOLYMPH OF JIIVENILE

P. UTISULCATAS EXPOSED T0 30eooSALINITY

Prawn ntrmber o.D Concentration in saurple
( M/t)

1

2

3

4

5

6

7

8

9

10

11

L2

L3

L4

L5

L6

77

18

19

20

21

22

Mean

S.D.

Sea water
sample

0.040

0.040

0.o72

0.o47

0.10s

0.L62

0.13s

0.090

0 .098

0.108

0. 097

0.088

0.L42

0.t22
0. 140

0.158

0.110

0.060

0.t07
0.100

0.080

0.090

0.005

52.54

52.s4

89.08

60.s4

L26.75

191 .83

161 .01

109.63

t18.76

130.18

r17.62

t07 .3s

169 .00

L46.L6

L66.7L

r87 .26

132.46

75 .38

L29.04

12 1 .05

98.2L

109.65

12.58

Concentration in
haemolymph (M/L)

0.0105

0.0105

0. 0178

0.0121

0.0254

0.0384

0.0322

0.02 19

0.0238

0.0260

0.0235

0.0215

0.0338

0.0292

0.0533

0.0375

0.026s

0.0151

0.0258

0.0242

0 .0196

0.02L9

0.o24t

0.0080

0 .0025



TABLE 35

CONCENTRATION OF FREE AMINO ACIDS IN T1IE HAEI\4OLYMPH OF JI.,VENILE

P. LATLSULCATAS EXP0SED T0 55eooSALINITY

Prawn ntunber O. D Concentration in sample
( rvll)

Concentration in haenolymph
(M/L)

1

2

3

4

5

6

7

B

9

10

11

t2

L3

14

15

L6

L7

18

19

20

2I
22

23

24

Mean

S.D.

Sea water
sample

0.t20
0.L70

0.163

0.170

0.100

0.135

0.240

0. 155

0.156

o.t92
0.149

0 .158

0.269

0.L70

0.160

0.120

0.110

0.L42

0.722

0. 140

0.19s

0.240

0.245

0.168

143.88

200.97

196.80

200.97

121 .05

L58.72

280.88

181 .56

184 .98

226.08

176.99

L87.26

315.99

200.97

189 .55

143.88

L32.46

169.00

146.L6

L66.7L

235.34

280.88

286 . s9

198 .68

0.0288

0.0402

0.0394

0.0402

0.0242

0.03t7

0.0s62

0.0363

0.0370

0.04s2

0.0354

0 .0375

0.0628

0.0402

0.0379

0.0288

0.0265

0. 0338

0.0292

0.0333

0.047L

0. 0562

0.0573

0.0s97

0.0594

0.0103

0.004 7L.44 0.0023
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of juvenile P. LatisuLeahts is largely determined by the concentration

of inorganic ions and that the ionic concentrations measured in

section 7.3.2 should therefore account for the freezing point

depressions measured in section 7.3.t In order to compare the two

sets of results they rnust be expressed in sinilar units. It is

possible to express the ionic concentTations in terms of freezing

point depression ( A ). The nolar concentration of each cation in

the haernolymph of each prawn at each salinity can be calculated by

dividing the cation concentration in gm/L (equivalent to ¡E/nt
_1x 10-") by the atomic weight of the elernent. The sum of the nolar

concentrations of the four major cations in the haemolymph can then

be obtained. Since each mole of cations is conplenented by about

one mole of anions it is assurned that the osmotic effect of the ions

is equivalent to that of a solution of NaCl having the same molar

concentration as the conbined molar concentration of the cations.

This assunption is further justified by the fact that over 85eo

of the haemolynph cation concentration is due to the presence of

sodium ions which are known to be associated in other crustacea,

with chloride ions (Florkin 1960). Using this approximation the

cation concentrations can be converted to freezing point depressions

using.a conversion table of Concentrative Properties of Aqueous

Solutions (C.R.C. Handbook of Chemistry and Physics, I972-73,

P. DlBl). The freezing point depressions of the experinental rnedia

can be obtained from Figure 35. The results obtained from these

calculations are shown in Table 36. Compari-son of Figures 36 and

40 shows that these results are nore variable than the freezing

point depressions determined directl-y by cryoscopy in section 7.3.2.

The rnost probable reason for this is that the cryoscopic nethod is

more accurate since the samples need not be diluted. For the ionic

determinations the sarnples were diluted and sorne error may have



TABLE 36

FREEZING POINT DEPRESSIONS OF T}IE HAEMOLY!ÍPH OF JWENILE P. LATTSI]LCATUS. DERIVED FROM TTIE IONIC CONCENTRATIONS

Salinity of
nediun 7""

¿\ of medium
oc

11 . s t2 .s 16 .0 28.s 51 . s 34 .5 39.0 39.s 41 .5 44 .0 50.5 65 .5

0.4s0 0.658 0.850 1.350 1.650 1.305 2.070 2.090 2.L65 2.320 2.605 3.400

0.9391

1 .0826

7.7137

0.7s24

0.8726

1.1199

1.0884

1 . 0493

1.4364

I.2497

1.1319

I.2545

0.8742

1.1517

1.1148

t.1761

L.Lt72

0.7287

.1_ 2t ö2

L.7928

7.4737

1.0332

1.2024

I.t8t2
0.8757

t.t363

1. 1596

0.1687

4840 1.6 I .8Ió0

L.4249

1 .4840

1 .5636

1.6390

1.1552

1.6850

1.9090

1.587L

0.2375

2.L49r

I.8362
L.4077

L.4TL7

7.7525

t.7lt4
0.3126

L.E4Z3

1 .8960

2.0550

1 .6066

1 .6580

r.3463

2.L344

1 .8289

1 .7959

0.2547

r.954 0

1 .9684

2.0303

L.5176

r.s24L

L.7974

1.9101

7.8238

1 .7883

1.8099

0.t827

L.E443

1 .8330

2.04t9

1 .82s5

1.4333

2.0t04
1. 9s01

2.0s89

2.0347

2.2749

1.7580

2 .0800

1 .8539

0.202t

z.oztu

2.0163

1.9111

2.0036

1.9899

2.03s4

1 .8905

7.6926

2.0731

1 .8560

1 .9489

0.7737

2.'¿67 3

2.6L63

2.3218

2.1,793

2.2176

2.3464

2.7060

1.8614

1.9378

2 .0508

2.L904

0.2182

t TZL

()
o

t
o,
E

õ
E
0)
(É

c

1.0654

t.6354

7.3254

1.2004

1 .5573

1 . s197

1.0411

1.6926

1.s056

1 .2086

7.2538

7.3LI4

1 .3699

7.7354

1.6111

7.4069

1 .7581

7.6292

t.4474

0.2175

L.6676

1 .6580

1.4s02

1.62t0

1.6778

1 .5899

1.5395

L.4878

1.5029

1.5806

0.0810

t'
Mean derived
A of haemoLvmph L.0724'oc
sD 0.1911
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occurred. Further variation in the operation of the atonic absorption

spectrophotometer will be compounded since each of the rrderivedrf

freezing point depressions is calculated fron the sun of four ionic

determinations. The greater variability of the derivedÀs cannot

however, accor.¡nt for the difference in the shape of the regulation

curves. Fron figure 41, it can be seen that in the region from
l)

41.5 to 2.3 in the external neditm (i.e. in salinities fron 25 to

45e*) there is little difference between the osmoregulation curves

obtained by direct measurement of the freezing point depression and

derived fron the ionic concentrations. Below salinities of 25%"

it appears that the A derived fron the ionic concentrations is less

than that deternined directly but the values obtai¡ed by direct

deternination still lie within the range of values obtained fron the

ionic concentrations. In salinities above 45e-there appears to be

a marked difference between the two sets of results. Values obtained

fron the ionic deterninations are lower than those obtained by

cryoscopy and there is no overlap in the values obtained in salinities

greater than 50%o. Since the curves are of different shapes

and the variances of each set of results narkedly different no

statistical analysis of the results can be nade. Even so, the

values obtajned fron the ionic determinations seem significantly

lower than those obtained by cryoscopy in salinities greater than

509*. In salinities between 25 and 45eoo there appears to be no

practical difference between the results, while below 25%ott'e d¿¡¿ are

inconclusive. These results are in agreernent with those of MacFarland

and Lee (1963) who found that the major ions Na+, C1-, K*, Mg**
¿¡

and Ca"contribute approxirnately 92 to 96eo of the osnotically active

substance of the serum of P. setifez,us and P. q,ztecuattexcept in

hypersalinities where ions are slightly less inportant.rt
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It therefore appears that in salinities greater than 50%osome factor

other than the concentration of the najor ions is contributing to

the osnotic concentration of the haemolymph. Since free anino

acids in the intracellular fluid of crustaceans are known to play a

part in osnoregulation (Gilles 1975) it was thought that these

compounds may account for the apparent difference between osmotic

and ionic regulation results. The concentrations of anino

acids in the haenolynph of prawns acclimatized to 3Oeø and to 55%"

were therefore detennined. These salinities were selected since at

30e- there appears to be no practical difference between the osmotic

pressure measured by freezing point depression and that calculated

fron the ionic determinations. In addition 30e- is close to both the

isosmotic and isionic point for juvenile P. LatisuLeatus and tt.e

level of anino acids in the haenolymph of prawns exposed to this

salinity should therefore be independent of any osmoregulatory

requirernents. At 55%'there is a clear difference between the osmotic

pressure measured by freezíng point depression and that calculated

fron the ionic determinations and so arnino acids may have sorne

o smoregulatory si gnificance .

The results presented in section 7.3.3 show that there is a

significantly greater concentration of free amino acids in the

haemolymph of prawns acclimatized to 55%o than in prawns acclirnatized

to 30eø. Prawns acclimatized to 509*had a haenolymph free anino acid

concentration of 0.024LM. Those acclimatized to 55e- had a haernolynph

free anino acid concentlation of 0.0594M. Since each mole of amino

acids will have about the sarne osrnotic activity as 0.5 moles of

NaCl, the additional amount of freezing point depression due to the --

presence of the arnino acids can be obtained fron the conversion table

of I'Concentrative Properties of Aqueous Solutionsrr (op. cit.).
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Thus the 0.0394M amino acids present in the haemolymph at 55%o

increases the derived freezing point depression by O. Ol?C, while that

of O.O24IÌ{ at 3OB¿ increases the freezing ¡nint depression by O.O4oC.

This l-atter increase does not significantty affect the results and

the freezing point depression at 30ã" derived from the ionic and amino

acid determinations would be almost ide¡,tical to that obtained by direct

measurerent. At 55%o the increase in freezi:ng point depression due to

the presence of amino acids is greater but;this stil1 d.oes not account

for the difference between the freezing point depression dêterminations

and freezing points estimated from the ionic concentrations at this

salinity. The observed difference in freezing point d.epression at

55%o is O.35oC and so the amino acids account for only about 20? of this

difference. Furthermore, at both 30 and 55%o the proportion of amino

acids to the molar concentration of ions pJ-us amino acids is similar

at about 5%. This suggests that the difference between the actual

concentrations of amino acids at these two salinities may be due to

the maintenance of a constant proportion of amino acids in the haemollzmph,

so the function of the free amino acids may not be one of osmoregulation.

Further determinations over a range of salinities are needed to

substa¡rtiate t]:is proposition. However, Dall (L975) found. tlat free

amino acids were stable components of the haemolymph of Pam,LLirus

Longipes but that since they occur in srrch low concentrations any

variation in response to changing salinities would have little adaptive

val-ue. rt appears that this is also the case wiLln Penaeus LatisuLeatus

and that scrne other osmoticarry active substances account for the

apparent difference between the patterns of osmotic and ionic regulation.
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7 .4.2 Osmotic and ionic regulation in relation to salinity tolerance

Since the osmotic and ionic deterninations were made on prawns

exposed to the experinental salinities for at least one week, and

in sone cases on those prawns which survived the salinity tolerance

experinents after 10 days of exposure, these results can be related

to those of the previous chapter.

7.4.2.1. Osmotic regulation

Figure 42 shows the freezing point depression (a ) of the haenolymph

plotted against the salinity of the external nediun, and the

generalized survival curve for juvenile P. LatisuLcafr,æ exposed to

the experinental salinities for 10 days. In the lower salinity range

the survival of juvenile P. LatisuLcaf,i,s previously acclimàtiied to

winter satinity has been used to draw this curve. In the upper

salinity range the survival of prahrns acclirnatized to sunmer salinity

has been used. It can be seen that although juvenile P. LatisuLeatus

that survive salinities below the isosnotic point (30e@) are able to

regulate the osmotic concentration of the haèmo1ymph, the survival

rate is reduced. The zone of maximum survival lies above the

isosmotic point, fron 30%o to 52.5v*. Within this range the haenolymph

osmotic concentration remains lower than the external rnediurn, but as

the salinity of the mediun increases, so too does the osnotic concentra-

tion of the haenolymph. Within the range of naxinum survival the

freezing point depression of the haenolymph of juvenile P. LatisuLeatus

increases fron a1.6oc (860 nos/kgHr0) toA2.t0c (1130n0s/kgHr0)

while the salinity of the mediun varies from 30%o (870 nOs/kgHrO)

to 52.ívo" (t,466 rnOs/kgHrO). The capacity of juvenile P. LatísuLcatus

to regulate the osmotic concentration of the haemolymph means that

the rise in osmotic pressure expeiienced by the ce11s is less than half

the rise in osnotic pressure of the external nediun.
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7 .4.2.2 lonic regulation

With respect to the ionic regulation, magnesium was always maintained

at much lower levels in the haemotlzmph than in the medium and only

showed a very slight tendency to increase with increasing medium

concentrations at the lower salinitiesrwhile increasing to e greater

extent in the upper salinity range (Ííg 37) - High levels of magnesium

are generally considered toxic to Crustacea (Fl-orkin' 1960), but in

juvenile P. LatisuLeatus Llne levels are generalty low. The concentration

of magnesium is regutated so that the haemolymph to medium magnesium

ratio is O- 2 over the entire range of salinities investigated.

Haemollzmph to medium magnesium ratios in P. setifetws and. P. a.ztecus

were found to be 0.43 and 0.49 (MacFarland and Lee, f963) so Èhere is

no reason to suspect that magnesium toxicíty is the cause of mortality

in the present study.

From figure 42 it can be seen that in the zone of maximr¡l survival

sodium and, potassium are regulated below the concentrations of these

íons in the medium. The sodium concentration is isionic at a salinity

of 3f%", while potassium is isionic aL 27.5%o. Below these salinities

these ions are regulated at levels above the concentrations in the

medi¡rn, and in the case of ¡ntassium the l-evel is relatively constant

(fj1 42). Íhe survival rate, however, fall-s sharply in salinities less

than 3O%o. Hedgpeth (L957 ) and Carpelan (L961) have proposed that

eryhalinity and the abitity to regulate the haernolymph concentration

once evolved, are characteristics not easily lost. Thus the ability

to regul-ate the haemolymph concentration is a property not of indivia-t.f"'

species or even genera but of a phyletic stock (Hedgpeth, t957).
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if this is so the high nortalities of P. LatisuLeatusin salinities

less than 30eoo cânnot be explained by genetic inability to regulate

the concentrations of sodir¡n and potassiurn, since those prawns which

survived the low salinities have been shown to be capable of ionic

regulation. The stress imposed by such regulation however, rnay be

intolerable to so¡ne of the prawns.

The haemolynph calciun concentration is regulated at levels greater

than that in the nedium over the entire range of salinities investigated.

This nay serve to offset the ion rdebtt due to the constant low

levels of nagnesium in the haernolynph, and bearing in nind the

inportance of calciun in cuticle fornation in crustaceans it is

likely that there is a critical haemolyrnph calciun concentration

below which survival will be jeopardized. The ability to regulate

haemolynph calciun at leve1s above this critical level is therefore

of great importance to crustaceans. Figure 42 shows that within the

range of rnaxinum survival the calciun concentration is naintained

at a high level and appears to be approaching a constant level as

the salinity increases, This is nore apparent frorn Figure 37.

At salinities below 30%" the calcium level falls sharply as"the salinity

decreases. The inability to regulate calciun at higher

levels in salinities less th.an 3Ieo"nay explain why the survival of

juvenile P. Latisuleatus ís greatly reduced in these salinities despite

the general ability to osmoregulate down to salinities of 10 to LSeø.

An experirnent to determine the survival of juvenile P. LatisuLcatus in

calciun depleted seawater was carried out. A calciun-depleted rnediun

was made up by precipitating CaC0a fron seawater (3Be-, pH 8.31)

with the addition of 1 gn of anhydrous NarCO3 per litre of seawater..-

Since this has the effect of adding Na* to the medium and increasing

the pH, HCl was added to the mediun until the pH returned to its

previous level. The pH was monitored ín situ with a lufetrohn Herisau

model E488 pH meter.
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Ihere was no measurable difference in salinity between the rntreated

and treated seawater. The calcium concentration in the tu¡treated

seahrater was 460 ppm, and after decalcification was found to be

97.4 ppn (equivalent to the calcium concentration in water of about

Seoo salinity). 25 prawns were placed in the calciun-depleted mediun

and prawns remaining in the holding tank from which the experinental

prawns were taken served as:à control-. All the prawns exposed

to the calcium-depleted seahtater died within 24 hours. There

were no deaths in the holding aquariun. It would be desirable to

catry out further experiments to test the survival of juvenile

P. LatisuLeattts in various concentrations of calcium at constant

salinity. One difficulty to be overcone in setting up such experinents

is that of providing a calciun-free substrate as provision of a suitable

substrate in which the prawns can burrow is essential for the naintenance

of juvenile P. LatisuLeatus in aquaria. Dall (1965d) found that

Metaperneus bennettae showed a narked lack of co-ordination after

three hours, followed by death at six hours when exposed to artificial

seawater nade up with the onission of calcium. Greenaway (I97 6)

also found that Cav,cirws maelta,s could not survive in calcium-depleted

seawater. Although the results are not conplete it appears that

reduced levels of calciun in the haernolymph when juvenile P. LatisuLeatus

are exposed to salinities less than S)eo"may explain the high nortalíty

in these low salinities.

7.4.3 Osmotic and ionic regulation in comparison to other penaeid prav¡ns.

Figure 54 shows the osmoregulation curves of Penaeus LatisuLeattts,

P. duoraa,un, Willians (1960) P. azteeus and P. setiferus, MacFarland.-

and Lee, 1963) and Metapena.eus bennettae (DaIl 1964). It can be seen

that within the narrow range over which deterninations were made on
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P. duora.rum (wilrians, 1960), these results are very sinilar to those

for P. LatisuLeatus. The ísosnotic points are similar for

P. LatisuLeatzts, P. duonazwn, P. aztæusand P. setiferus, the values

being betweenAl.6 (860 nOs/kgHr0) andAl.soC (800 nOs/kgHro)

Mefupenaeus bertnettae, however, has a much rower isosnotic point

(A1.zs0c lorornos/kgïro)) and this is correlated with rhe ability
of this species to cornplete its life cycle within low salinity

estuarine waters (Dall 1964). , Although P. LatisuLeatus l^as the highest

isosnotic point (fig a3), the difference between that and the other

species (except for M. benrtettae is not great and it would appear

that P. LatisuLeatusis no;:better adapted to hy¡lersaline water in

this respect.

0f the species with similar isosmotic points, P. setífez,us is better

able to regulate the haemolymph osmotic concentration in low

salinities than the renaining three species. This is in keeping with

the apparent preference of this species for low salinity waters

(Gunter, christrnas and Killibrew, 1964). rn salinities lower than

the isosnotic concentration, the osrnoregulation of P. aztecus,

P. duoz,arwn and P. LatisuLcatus iè sinilar down to medium freezing

point depressions ofA0.B (fig a3) which corresponds to a salinity

of 15eo. Below this salinity the regulatory ability of P. LatísuLcatt¿s

appears to be better than that of P. aztecus but P. aztæu"s were able

to survive in lower salinities than P. LatisuLeatus.

In view of the distribution of juvenile P. LatisuLcah,Ls in relation

to salinity, and the greater survival of this species in high

salinities compared to other penaeids so far studied, it is surprising

that the other species appear to be stronger h¡lo-osmotic regulators.
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P. l'atùsuLeaátls appears to be the least effective h14rc-osmotic regulator

(fíg 43). From Figr:re 38, however, it can be seen that the regulation

of the major cations and in particurar sodir-m, is quite marked in the

upper salinity regime- From Figr:re 44 it can be seen tt¡at sodir.m is

regulated least in P. duonazwm and P. setíferws. The pattern of sodium

regul-ation in P. l,atisuLeatus ís simitar to that in;P. azteeus but in

P. aztecus sodium is maintained at lower levels, especiatly in the upper

salinities range. The relationships between the osmoregulation and

sodium regulation of these species are not correlated with their observed

distributions in respect to salinity, nor to their salinity tolerances.

This is in contrast to the findings of Brand and Bayly (1,97I) that four

species of calanoid copepod had degrees of osmotic regulation consistent

with their distributions in relation to salinity- The survival of these

prav¡ns in high sarinities does not therefore appear to depend on the

degree of osmotic and ionic homeostasis maintained in the haemoly¡nph.

Survival at high salinities may be dependent on the degree of cellular

and tissue regulation and tolerance evolved by the different species.

The pattern of regulation of calcium may explain the decreased

tolerance of P. LatisuLeatus to low salinities. From figure 44 it can

be seen that calcium levels in P. Latì,suLeatus are higher th,an in

P. a.ztecust P. setiferus and. Metapenaeus bennettae. The haerrollzmph

cal-cium concentration in these latter three species is relatively

constant at 400 þg/mL over the entire salinity range, indicating a high

d.egree of cal-cj-um regulation. In P. LatisuLeatus, rJne calcium

concentration is rr00 pgrzmr at 60%o. falling to about g75 ¡tg/nL at 35%o,

and from 30%o to I2%o the haemolymph calcium drops sharply to a minj¡rnm

of 600 þg/mL. Although the absolute level- of calciu¡u in the haemolymph

of P. LatisuLeatus at low salinities is high, the marked drop in

haemolymph cal-cir¡n levels in salinities below 3O%o may contribute to

mortal-ities at these safinities-
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In conclusion it appears that with respect to the position of the

isosmotic point and to the degree of hypo-osnotic regulation

P. TntisuLcatus is not especially adapted to hypersaline hraters conpared

with the other penaeid prawns. However, the regulation of sodiun,

the major cation, is rnuch ¡nore marked in P. Latì,suLcatus tt.an in

P. setifenus and P. duorarum, especially in salinities greater than
i.)

45u"s (fig 44). The sodiun regulation of P. azteeus is of a similar

pattern to that of P. LatisuLeatus but haemolymph concentrations are

maintained much higher in the latter species. Fron figures 43 and

44 it can be seen that P. Latisulcatus appears to be capable of

strong h¡rerosnotic regulation although the species is unable to

survive in low salinities. This may be related to the fact that

juvenile P. LatisuLcatus do not maintain calcium at constant levels

in lowered salinities as do the other penaeids.
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CONCLUSIONS

The nigratory penaeid prawn Penaeus LatisuLeatzs Kishinouye 1900,

has a life cycle typical of other nigratory penaeid prawns. Maturation

of the adults, nating and spawning occur in offshore waters. The

larval stages move inshore and the postlarvae settle in nursery areas.

The juvenile prawns live in these sheltered nursery areas for some

time before the sub-adults enigrate to the offshore waters.

In Australian waters large populations of P. LatisuLeaâls occur in

Shark Bay, l4trestern Australia and in Spencer and St. Vincent Gulfs

in South Australia. Snaller populations occur on the west coast of

South Australia. In these regions the nursery areas for juvenile

P. Latisulcatus are sinilar in nany respects to those occupied by

other penaeid prahrns. The nursery areas are often associated with

mangrove swamps and are always associated with seagrass beds. Penaeid

prawns are opportu¡ristic detritivores and it is likely that

the seagrasses and nangroves constitute an inportant prinary food

resource for juvenile P. LatisuLeatus.

Unlike the nursery areas occupied by other penaeid species, which are

usually low salinity estuaries, the shallow inshore waters of Shark

Bay and the South Australian Gulfs are hypersaline and a I'negative

estuaryrf situation exists in the nursery areas for P. LatisuLeatus.

P. LatisuLcatt'ts is guite unusual amongst the penaeid prawns in respect

to the salinity of the nursery areas occupied by the juvenile prawns.

The recruitment of prawns to the fishery in Spencer Gulf can be used as-

an estirnate of the abr.rrdance of juvenite P. LatisuLcatus ín the nursery

areas. The armual recruitment can be estinated fron the available
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fishery statistics which record the weight of catch per unit of fishing

effort. These statistics show considerable variation throughout each

year and from year to year. Changes in catch per rmit effort are not

due to changes in the fishing intensity nor to the effects of growth

of prawns throughout the season. Estimates of nortality rates in the

Spencer Gulf prawn fishery have been nade but mortality alone does not

accor.nt ior the observed variation in the catch per unit effort

throughout any year. It has been shown that tenperature affects the

activity of P. LatisuLeatuts and that this nay be related to the catchability

of the prahrns. A nodel of the fishery, based on mortality rates

estimated fron the catch per unit effort and on a relationship between

tenperature and catchability of prawns, can adequately describe the

variation in catch per unit effort within each year. This model has

been used to estinate the recruitlnent of prawns each year, and variations

in catch per unit effort from year to year are due to differences in

recruitrnent and rnortality rates from year to year. There is no apparent

relationship between the size of the adult stock and the subsequent

recruitment nor does water temperature significantly affect the

size of the recruitment.

A negative correlation exists between effective rainfall over the

northern Spencer Gulf area and recruitment of P. LatisuLcatus to tl.e

fishery. This is in contrast to the positive correlations observed

between rainfall and catches of other penaeid pravlns. These other

species inhabit true estuaries and it is 1ikely that reduced salinity

after heavy rainfall night benefit these species either directly or

through the indirect consequences of reduced salinity such as the

influx of nutrients into the estuary. The negative correlation

between recruitment and effective rainfall found in this study supports

the hypotheses that P. LatisuLeatus is adapted to the hypersaline
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conditions occurring in its nursery areas and that reduced salinities

are detrinental to the survival of this species.

Laboratory studies have shown that the survival of juvenile

P. LatisuLeatus ín high salinities is better than that of other penaeid

species, but that in low salinities the survival of P. Latisuleatus ís not

as good as that of other species. These results are in keeping'with

the hypersaline nature of the habitat of juveniLe P. LatísuLeatus and

the negative correlation between recruitment and effective rainfall.

They indicate that P. LatisuLeatus may be physiologically adapted to

hy¡lersaline conditions but that this adaptation is associated with

lack of tolerance to low salinities.

The physiological basis for the survival of juvenile P. LatisaLcatus

at high salinities was fourd to be the strong regulation of soditrn in

the haenolymph of the prahrns. The total osrnoregulation wasrhowever,

not as strongly marked as the ionic regulation in high salinities.

This difference does not appear to be due to the presence of higher

levels of osnotically active amino acids in the haenolymph of prawns

exposed to high salinities.

H¡rerosmotic regulation was quite marked in those prawns which survived

the 1ow salinities, but the stress irnposed by this regulation nay be

high, accounting for the high mortality of prawns in the low salinities.

Further work on the energetics of osrnoregulation in P. LatisuLeatus ís

required to support this hy¡rothesis. Another factor which may cause

high nortalíty.at low salinities is the inability of P. LatisuLeatus

to rnaintain high levels of calciun where exposed to low salinities.

Other penaeid prawns appear to naintain a relatively constant

1evel of calciüm in the haemolynph over the entire range of salinities

tolerated. The calcirrn levels in the haenolymph of P. LatisuLcatus
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are always higher than those observed in other penaeid prawns but in

salinities below,3Otso the calcium leve1 in P. lntisuLeatz,¿s haemolymph

drops sharpty. P. LatisuLcakts díd not survive in calcir¡ntepleted

sea\,vater, however it is necessary to determine the survival of

P. TntixuLeatuS ín various concentrations of calcir¡t, at constant

satinity in order to substantiate tJre hlpothesis that calcium regulation

is the critical factor in the survival of juvenile P. Latisuleatus at

Iow salinities.

I

J

I
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APPENDIX A

Salinities in Pønasus LatísuLeaf,¡zsnursery areas in Suth Australia

Tables A1 and A2 list in chronological otder, surface and botton,,

water salinities respectively, at nine stations near Torrens Island

in St. Vincent Gu1f. Data designated *1 were obtained fron Zed

(Lg72) that designated *2 from Engineering and Water Supp1y Departnent

(1975) and that designated *3 were obtained from Nevarauskus (L977)

and Leonaviscius (unpublished) .

Salinity data from several locations in Spencer Gulf is presented in

Tab1e 43. Salinities at Eastern Shoal and Douglas Bank were

measured by M.G. King (pers. conn.).
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DATE

*3 6.L2.74
*3 13.t2.74
*3 23.L2.74
*3 9.L.75
*5 15.L.75

.2.7s

.2.75
3.7s

L3.5.7s

38 .9 39 .2

38. 1

37.8
38.4
38.5
39.0
39.2
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37 .B
38.6
39.2
38.9
39.3
39.2

59.1
39 .9
39.8
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39 .5
38.9

s8 .4 38 .6
37.6

39.8 40.5 39

4 40.7 39
3 40.4 39
2 40.5 59

t2
SALINITY %o

5MID4 6 7 S.A.

39.938.4

39.4
40.6
40.7
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36.3
36.4
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s3.4
32.3
34.7
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39 .6
40.0
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5
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TABLE A].

SURFACE SALINITIES (9d IN WATERS OFF TORRENS ISLAND

SALINITY 9"O

LOCATION

DATE

L9 .3.72
29 .3.72
1.4.72
Ls.8.72
8.9.72
ts.9.72
L9 .L.73
8.3.73
L0.4.7s
8.8.73
18.8.73
19.8.73
8.9 .73
2.10.73
3.10 .73
26.L0.73
L7 .4.74
s . 8.74
6.8.74
7 .8.74
8.8.74
12.8.74
t3.8.74

*3 1,4.8.74
'J.6.8.74

*3 26.8.74
x3 3.9.74

4.9 .74
L6.9 .74
77 .9.74
78.9 .74
19.9.74

x3 8.70.74
*3 16.70.74

L7 .10.74
78.L0.74
2t.L0.74
23 .1,0 .7 4

*3 30.70.74
.7L.74
3 .Lr.74

9.71.74
.1,2.74
.12.74
.12.74

39.
38.
38.

59.
39.

T2SMID4

t)

6 7 S.A.

40.2

55. B

31 .5

31 .5
26.6

5

33.7

36.5

35. 5
36.7

34.8
35.6
36.1,
36.8
37 .4

37.8
38.5
38. 3

*1
*1
*1
*1
*1
*1
*2
¿t2

*2

37.37.
36

1

9
9
2

5

6
7
0

3
1

2

8

15
I
9
9

5
8
9

39
39
5t
36

35
35
35

1

0
2

8
1

.1

.4

.6

.1_

.9

.5

.1

36.
5/.

3s.6 35.2
365.9 3s.7
55.8 3s.9
36.4 36.3

38.7
36.1 36.2

36.8

34.I

35.
35.
35.
37.

36.3

34.4

10.3

37 .3

31.2
9.5

L6.0

23.5

35.4
35.7
34.8
3s.1
35.4
35.9

35.4
s5.6
36.3
36.8
5t -5

34
35
35
34

35
35

3535.2
34.2
32.5

36

35.0
35.0
3s.1 34 .3

32
32

34
35
34

34.8
35.2

36.0

33.4
26.8

32.4

4
6

2

3
3

9

5
2

5
4

34 .8 33 .2

L9 .5

36.0

36. 1 35 .7

35
35
34
35

36 3

34.8
27 .7 29.5

34 .8

34
33
34

3334.7
35.5
36.3
36.8
37 .3

4
9
4

.0

.1

.4

.0

.9

.8

36
34
34

35
55
35
36
36
36

32.6
32.4

t<3

*3
1.11
7 .L7
8. 11

5
1

2
2
')
')

)
3

4

74
74
74

4 32.6
3 36.2
1 36.3
4 37.5
7 37.9

34.8

36.2

37.4
37 .0

0.2

78.2

33.t

37 .9

37 .5

35.
36.
37.
5/.

38.4

37.9

36.9



TABLE A2

BOTTOM SALINITIES (e"à IN WATERS OFF TORRENS ISLATID

SALINITY eor

LOCATION

DATE

*1
*1
*1
*1
*1
*1
*2
*2
*.,

L9.3.72
29 .3.72
L,4.72
ts .8.72
8.9.72
L5.9.72
L9 .L.73
8.3.73
70.4.73
8.8.73
L8.8.7s
L9.8.73
8.9.73
2.t0.73
3.L0.73
26.10 .7s

39.5
39.3
37 .2
36.9

34.7
3s.7
36.4
37.4
37.5

40.2

35.8

33.0
35.3
36.3
37.5
37 .7

I 2 3 MrD 4 5 6 7 S.A.

39
38
39
37
36

55 .6
55.9
56. 0
36.4

36.7

34.1

35. 5
35.7
35.2
35.2
35.6
36. 1

39. 1
39.6
37 .3
37 .0
37 .4

35
36
s6
36
39
37
37

2

9
1

2

6

58.0
38.7
38.6

4.74
.74
.74
.74
.74
8.7 4
8.74
8.74
8.74
8.74
.74
.74

16.
26.
3.9
4.9

3

4
74
74
74
74
74
74

17.
5.8
6.8
7.8
8.8

35 .0
35 .9
36 .8
37 .7
37.3

34.
35.
36.

35.2
35. 8
56.9
56. 8
37 .s

32.8

34.2

32.
36.
36.

33.7

36.5

34. B

3s.6

6
2
2

5
9
2
7

1

5

6
1

I
6
1

35.3
36. 0
36.2
36.2 55 .6

36.3

34.2

35.7
3s.7
36.3

34.5
33.8

s7 .9

35. L 33.2

35.5

30.6

36. 0

s6.'J. 35.7

12.3

3I.4
30.6
29.2

31.9

6.1

28.6

33.4

L2.
*3 73.

L4.
*5
*

L6.9 .74
L7 .9.74
1.8.9 .74
19.9.74*3 8.10.7*3 16.10.
L7 .70.
1B
2L
23

.r< 3 30
5.71.74x3 L3.17.74
2t.11.74*3 27 .tL.74
28.tL.74
29 .tr.74
2 .r2.7 4
3.L2.74
4.72.74

35.
35.
35.

35
35
34

4
2

3
0

6
1

7
1

4

34
35
55
35

35
36

36

35 34.3 34.7

35.2 35.
34.4 34.
35.3 35.

33.4 34 .L 34 .9
27 .4 30.1 32.0 33.9

30.9
55. 0

34.5

36.4

1

8

3

8
2

3
6
9

3

35 .8

35 .0
35. 0
34.6

36.4
35. 0
55. 0

.10

.10

.10

.10
135

37
37

36.L
36.7
5/.+ 37.5

s7 .0

38. 1

38. 0
38.4

37 .9

37 .3



LOCATION

DATE

9.1
15.
2t.
29.

1 2

39 .5

.4 39.9

.6 39.7

.3 39.7

*3
*3
x3

39

5/
39
39
40
59
39

9
9
0
0
6
7

9
3
0
5
I
9

37.3B .95t

40.

6.L2
13. 1

23.L

*3
*3
*5

4I.3
40. B

40.4

3

39

39
59
39

38

6
6

I
7

.74
2.74
2.7 4
7s
.75
.75
.75
.75

.75

.75

.75

.75

38.
38.
39.
40.
39.
59.
39.

37 .4
37 .s
37 .7
37.6
37 .2
36.2
36.1,
36.4

39.
39.

39.
38.
38.
39.

0
5
3
2

5

6
4

3

3MID45

SALINITY 9ø

39.
40.

6 39.
6 40.
7 40.

6 7 S.A.

40.2

42.4

42.1

35.5

37 .5
37.6

33.7

40
40

40.7 40.4 39 .2

40.7 39.
40.4 39.
40.5 39.

39.2

39.7

39.3
40.4

39.4

38.6

38.6 38.s 39.4

37 .7
37 .3

37 .2

37.4

35.8

56.0

36.6

6
9
0
9
3
5 59

4
8
8
6
3

5
3
5

.75

.75

30.
3.2
4.2

i
1

1

1

9
5/.¿

2.9
1.1
5.1
10.
20.
21.
)')
24.

75
.75
.75
0.75
0. 75
0.75
0.75
0.7s

39.
40.

40. 5

40.r
40. 0
40.7
40.7
39.0

36. B

36.9
s7 .0
37 .6
37 .4
35. 1

3s .6
36.I

*3
*3
*3

77 .2.7s*5 19 .2.75*5 6.3.75

12.s.75
15.5.75

*3
*3

*3

*3

58.9 38.4
37 .8

28.4.7s
29.4.75
s0.4.75
L .5 .75
2.s.75

39
39

36
36
36
37
37
36
35
36

36.2
36.4
36.3
37.6

35. 0
35.2
35.2

3
4

14.
20.
22.
2.6
20.
11.
aaLL.

1.8

.75

.7s

.75
7S
.75
.7s
.75
75
.75
.75
.7s

5
5
5

6
7

7

8
8
B

I
B

8

8

0
0
1

1

1

1-

1

37 .6
37.0

37.r
37.8

37.1

37 .5
35.8
35. B

36.r

36.6

36.2 36

36.6
36
36

37 .L
37 .1.
37.L
37 .5
37.3
35 .5
36. 0
55 .9
36.4

37 .r

36.t
7 36.8 36.6

36. B

36.1

5
5
3
6
4
0
5
1trs 13.*3 21,.*5 22.

26.
27.
28.*3 29.

36.9
36.9

36

36

9

9

36.9 37 .t
37 .L
37 .L
36. 9

36
36

37.
36

36

9
8

3
3

*
*



TABLE A3

SALINITIES IN NORTFIERN SPENCER GULF

Chinananrs Creek
Offshore Inshore

Eastern Shoal
Surface Botton

SALINITY (A
Douglas Bank Port Davis
Surface Botto¡n Offshore Inshore

Port
Gennein

Port
Broughton

Port
Pirie

DATE
74 .3.73
10.5.73
I0.7 .73
L3.7 .73
10 .8. 73
20.9.73

41.s
41.5 42.

41.

4t.7
42.2
4L.L

42.6
42.4
42.L

40.6
41.0

5
3
7

424r.4
41.s

1

2

50.5

39.8

4I.L

41 .5

40.7

4r.t
41.5

27.5

39.7

40.7
40.9
41.0
41.8

42.2 42.5 41.8 4L.9 42.7

30. 5 6.0

42
42
42
42

6.1
7.L
8.1
9.1
t7.

0.73
0.73
0.73
0.73
L0.7 3

27 .L0.73
74 .Lr.73
L7 .L2.73
75 .L.74
78.3.74
9.4.74
L5.5.74
20.s.74
77.6.74
17 .8.74
9.9.74
7 .8.75
8.8.75
rL.6.76
19.7 .76
2.8.76
2.9.76
14.70.76

42.t
41.9
42.2
41.7

2

1

3
3

39. 0 4L.2

32.5 16 .9

43.0
44.2

39
40

51 .5
s2.0

43.I
27.0

1

9
3
0
5

43
42

42.8
38 .0

43.
43.
40.
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APPENDIX B

catch, Effort and Catch per tmit effort in the South Australian prawn fisheries

Western king prawns Pertaeus LatisuLeatus are caught in three najor
t.)

zones in South Australia (fig B1). The data in the following tables

trave been obtained frorn the records of the South Australian Departnent

of Agriculture and Fisheries and shows catch (c) in kilograns, Effort

(E) in boat hours trawled and catch per unit effort (C/UE) in each of

the three zones.



i)

FIGURE 81

MAP OF SOUTH AUSTRALIA SHOWING T1IE MAIN

PRAWN TRAWLING ZONES.
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APPENDIX B

Catch, Effort and Catch per unit effort in the South Australian Prawn Fisheries

I\ONTH WEST COAST SPENCER GULF ST. VINCENT GULF

CATCH
(ke)

EFFORT
(hr)

c/ uÊ
(kglhr)

CATCH
(ke)

EFFORT
(hr)

c/ tæ
(kelhr)

CATCH
(kg)

EFFORT
(hr)

c/ uE
(ke/hr)

1968

January

February

March

April
May

June

July
August

Septenber

October

November

December

i)

0

0

0

0

30

55

5

4

39

1B

20

86

0

0

0

0

L034

445

181

6L

670

72L

424

4110

34.5

8.1

36.2

15. 3

17.2

40. 1

27.2

47 .B

515L

7 087

20365

9725

58814

s195s

31,347

24790

tt7 677

429L0

67165

37 298

726

189

256

89

368

885

703

536

786

L0t7

1011

8 31_

40.9

37 .5

79.6

1_09. 3

105.5

s8. B

44.6

45. L

60.7

42.2

66.4

44.9

0

0

0

0

58

980

957

483

628

1459

1015

0

0

0

0

7

46

60

23

56

9B

81

8.3

2L.3

16. 0

21.0

LL.2

14. 9

12.5

TOTAL 7646 257 29.8 383678 6795 56.5 5580 37t 15.0

1969

January

February

Itlarch

April
May

June

July
August

Septenber

October

Novernber

Decernber

2414

4s2

0

0

0

0

672

77740

18s11

t4665

27300

1 8060

5B

5Z

0

0

0

0

41,

408

455

468

7s2

586

41 .6

74.7

L6 .4

42.0

40.7

3l .3

36 .6

30. B

321,35

1-9 818

20623

72200

6s380

467t2

82096

31890

37I47

s2154

60866

36299

753

522

511

1 199

1,L42

1,302

14s 8

8s9

810

737 7

r479

997

42.7

38. 0

40.4

60.2

s7 .3

35. 9

56. 3

37 .7

45. 9

37 .9

47.2

36.4

2280

1915

1 800

1 301

L4 01

3L27

3s2t

3s 30

7773

7 s63

78I7

54s6

49

49

51

36

55

73

126

1s1

206

185

72

L82

46. 5

39. 1

35. 3

36.7

40. 0

42.8

27 .9

23 .4

37 .7

40.9

25.2

30. 0

TOTAL 992t4 2800 35.0 47484 I2r5 34.I557320 12409 44.9



APPENDIX B (Contd)

MONTH WEST COAST SPENCER GULF ST. VINCENT GULF

CATCH
(ke)

EFFORT
(hr)

C/IJE
(kelhr)

CATCH
(ke)

EFFORT
(hr)

C/UE
(kelhr)

CATCH
(ke)

EFFORT
(hr)

c/uE
(ke/hr)

t970

January

February

March

April
May

June

July
August

Septenber

October

November

December

25823

r.2 005

14801

22849

34276

20s67

28762

r4s74

t7630

16s 7s

1s994

L3776

799

605

634

766

7263

760

999

611

878

990

860

827

5¿.5

19.8

23.4

29.8

27.1

27 .2

28.9

23.9

20.7

L6.7

18. 6

L6.6

5010r.

6s894

733270

1 61158

1 09664

B 1159

44637

L4260

17750

34269

50705

2264L

LTOT

Ls46

1 808

1901

1848

1363

rs52

577

669

1104

1404

s65

45.3

42.6

7 3.7

84.6

59. 3

s9. 5

28.8

24.7

26.s

31. 0

36. 1

40.2

8195

8977

10084

L2540

22501

92L7

1 038

764

2LL3

8406

t2835

9273

222

282

27L

293

40s

160

61

46

135

27L

362

305

36. 9

31 .8

37 .2

42.8

55. 6

s7.6

17 .0

t6.6
15.7

31.0

35. 5

30.4

TOTAL 237372 9987 23.8 7Bss06 Ls442 s0. 9 105943 28L3 37.7

L97L

January

February

March

April
May

June

July
August

Septenber

0ctober

November

Decenber

697L

tzs26

2136

723

0

27734

67 346

29815

19690

18194

4243I

72936

374

653

L3L

27

0

523

L776

7067

797

753

1-682

562

18. 6

t9.2
76.3

26.8

4L.6

37 .9

27.9

24.7

24.2

27 .0

23.0

3s060

69147

1 371 88

19 08 51_

t98077

93930

24089

77876

23537

28293

5 8085

60418

907

984

1580

3087

37 45

2282

870

581

730

730

7020

L 165

27.6

70.3

86. 8

61 .8

s2.9

4r.2
27 .7

30.7

32.2

38. 8

57. 0

51 .9

TOTAL 237502 8345 28.5 93649L t768r 53. 0

72755

14551

76227

20L28

20153

9070

9342

s482

9407

1-694L

72754

t64s7

400

499

585

676

709

324

388

243

418

52L

443

544

31. 9

28.8

27 .7

29.8

28.4

28.0

24.1,

22.6

22.5

32.5

27 .4

30. 3

1.62467 5750 28 .3



MONTFI WEST COAST SPENCER GULF ST. VINCENT GULF

CATCH
(kg)

EFFORT
(hr)

Cl UE
(kglhr)

CATCH
(ke)

EFFORT
(hr)

c/w
(ke/hr)

CATCH
(ke)

EFFORT
(hr)

c/ uE
(kelhr)

L972

January

February

Mdrch

April
May

June

July
August

Septenber

0ctober

November

Decernber

22935

6267

0

5 1-:J

223s7

301 61

234s2

54596

27836

186s7

6sB6

20790

Lts1,

342

0

22

Bt7

1091

789

1490

1418

B4s

275

747

20.3

18. 3

23.6

27.4

¿/. /
29.7

23.2

19.6

22.t
30. 6

27 .B

9289s

L53362

134646

r9767t

1 33355

76900

2s403

20780

14s85

39622

138308

487s2

19s3

2300

1943

3062

3027

L973

605

569

559

tt72
3L3L

151 5

47.6

66.7

69. 5

64.6

44.L

39.0

42.0

36.5

26.r
33. 8

44.2

32.2

20760

2437 0

17207

18850

30408

29379

2676

s950

1451 1

20827

41663

L7s44

598

862

7L3

688

TOTT

94s

111

301

689

65s

947

653

34.7

28.3

24.L

27 .4

29.9

31.1

24.7

L9.8

2L.t
31 .8

44.0

26.9

TOTAL 2L4t48 8907 24.0 I076279 2L807 49.4 2441.45 8779 29.9

797 3

January

Fêbruary

March

April
May

June

July
August

Septenber

0ctober

November

December

0

5525

595 7

L425

5L876

48365

447s2

26909

L6556

2997 7

29649

3r738

0

L54

205

92

L 358

L262

17 03

1054

639

929

843

105 7

21.6

29.L

15. 5

58 .8

38. 3

25.9

25.5

25.9

3¿-5

3s.2

30. 0

93393

229277

222547

180366

167 072

63362

37 607

66658

72372

1,46094

749368

s7230

1920

26s9

27 66

2566

2970

L494

I034

1616

1454

2589

27 58

I379

48.6

86.2

80. 5

70.3

57 .4

42.4

36.4

41.2

49.2

56.4

54.2

4L.s

r3267

22237

19285

22194

24823

244I8

t272L

r5254

12270

37 533

447s4

27 3s4

s40

858

708

607

806

704

499

606

396

798

799

716

24.6

25.9

27.2

36.6

30. 8

34.7

25.5
af a

31.0

47 .0

56. 0

38.2

27 61,04 8037 34.4TOTAL 289887 9276 31,.3 t485346 25t45 59.1



MONT}I IVEST COAST SPENCER GULF ST. VINCENT GULF

CATCH EFFORT C/ IJE CATCH EFFORT C/ VT. CATCH EFFORT C/ W

r974

January

February

March

April
May

June

July
August

Septenber

October

November

December

204r5

L5206

2725

27443

9245

I3582

20632

21805

191s 1

61 06

1,t296

L8952

483

280

284

258

192

4L1

652

963

577

302

352

438

42.s

s4.3

9.6

85. 1

48. 1

33.t
3L.6

22.6

55. ¿

20.2

32.L

43.3

101893

306350

4L9286

41 0601

323862

1 35686

43807

7s042

100828

15680L

272782

114180

31 01

4s26

4627

4496

6004

4264

14s9

181 6

2352

4270

5778

3304

32.9

70. 8

90. 6

91.5

53. 9

31_.8

30. 0

41,.3

42.9

36 .8

47.2

34.6

TOTAL 180558 5192 34.8 252tIL8 45797 55.1_ 369539 L277I 28.9

197 5

January

February

March

April
May

June

July
August

Septenber

0ctober

November

December

19 151

2707

2579

4596

19537

38505

23635

16053

5834

6766

11009

61 69

577

11_ 0

L53

191

s70

1256

958

790

329

354

474

319

33.2

24.5

16. 9

24.7

34.3

30.7

24.7

20.3

17 .7

19.1

23.2

1,9.3

158096

2s77 7L

298630

31,4236

1 7 3899

79538

45792

4s77 0

62531,

69357

164668

59 7s3

4766

7582

6634

8274

6358

3821

2709

297 3

3813

4387

7090

s238

33. 0

34.0

45. 0

38. 0

27 .4

20.8

16.9

L5.4

16.4

15. B

a7 a
LJ. L

78.4

TOTAL 156535 6081 25.7 L730041, 61659 28.7 3s7039 r7s6t 20.3

r976

January

February

March

April

r64928

2885 39

455739

272674

38L2

5087

6276

46s9

43.3

56.7

72.6

58. 5

14773

19033

39606

43si7

5T228

3s706

1 6785

13360

15550

297 38

477L5

42288

707

848

75I2

L5T2

L7 6s

L238

510

544

648

7227

7288

978

2t.1
22.4

26.2

29.1

29.0

28.B

32.9

24.6

23.7

24.2

37 .t
43.3

76.4

19.8

19.0

25.1

22 .6

23.2

10. 9

13. 0

L2.5

14.7

28

T6T23

24516

20740

50480

23600

41376

8686

14189

20824

257 31

75485

35283

981

7242

1 089

20I4

7043

1,7 84

798

109 5

1661

IB24

28 00

7232

27.0

6
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APPENDIX C

Test for nornali of catch unit effort and fishi effort data

To test whether the data on catch per unit effort and fishing effort

in the Spencer Gulf fishery are normally distributed, the data are

first classified into approxirnateLy 2O class intervals and the

frequency of the data in these intervals counted. Percentage cunulative

frequencies are calculated. (See tables C, and C2). The percentage

cumulative frequencies are then plotted on probability graph paper

(fig Cr). If the data are normally distributed the percentage

cunulative frequencies should fal1 along straight lines (Sokal and

Rohlf 1975). From the figure it can be seen that straight line plots

could not be satisfactorily fitted to either sets of data. The

distribution of the percent cumulative frequency data for catch per

unit effort is typical of a skewed norrnal distribution (Sokal and

Rohlf, 1975) and that of the effort data is irregular.



TABLE Cl, TABLE C2.FREQUENCY DISTRIBUTION OF C/UE AND EFFORT DATA

(T,IONTHLY DATA OVER A PERIOD OF B COMPLETE YEARS)

1)c/uE (kglhr)

Nominal
class
interval

Class
Interval

Frequency

0

0

L1

18

24

t7
L0

5

5

1

2

1

0

0

1

0

1

Cr¡nulative
Frequency

% Cumulative
Frequency

0

1

2

3

4

5

6

7

B

9

L0

11

I2
73

I4
15

16

17

1B

19

0-9

10 -19

20-29

30-59

40-49

50 -59

60 -69

70-79

80-89

90 -99

100-109

110-119

120-1.29

130-139

740-149

1s0 -159

1 60 -169

L70-L79

1 80 -189

190 -199

0

0

11

29

55

70

BO

85

90

91-

93

94

94

94

95

95

96

0

0

71.46

30.2L

55. 21

72.92

85. 33

88.54

93.75

94.79

96. 88

97.92

97 .92

97 .92

98. 96

98. 96

100. 00%



2) Effort (hrs trawled)

Noninal
class
Interval

Class
Interval

Frequency Cunulative
Frequency

% Cunulative
Frequency

0

1

2

3

4

5

6

7

8

9

10

11

L2

L3

74

15

16

T7

18

19

20

0-249

250-449

500 -749

7s0-999

1000-L249

L2sO-t449

1s00 -1 749

17s0 -1999

2000-2249

2250-2499

2500-2749

2750-2999

3000-3249

3250-3499

3500 -37 49

3750 -3999

4000-4249

4250 -4499

4s00-47 49

47 50 -4999

5 000 -s249

3

2

13

11

1L

10

7

8

2

4

7

6

4

0

2

2

1

1

1

0

L

5

5

18

29

40

50

57

65

67

7L

78

B4

88

88

90

92

93

94

95

95

96

3.13

5.21

18. 7s

30.27

41.67

s2. 0B

59.38

67 .77

69.79

7s.96

87.25

87 .50

9I.67
97.67

93.75

95.83

96. 8B

97 .92

98. 96

98.96

100.00%
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FIGURE Cl

FREQUENCY DISTRIBUTION (PLOTTED ON PROBABILITY

,/SCALE) OF CATCH PER I.JNIT EFFORT

I
EFFoRT (l) DATA.

I
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APPEMIX D

Mean weekly water tenpe ratures in upper Spencer Gulf

Data on the mean weekly water temperature in upper Spencer Gulf were

obtained from records of the cooling-$¡ater intake water temperature,

at the Sir Thonas Playford power station near Pt. Augusta, and are

shown in Table Dl.

Mean rxrnthllz v¡ater temperatures at Pt- Augusta are shown in Table D2.



TABLE Dl

ITTEEKLY IUEAN IVATER TEMPERATURE AT PT. AUGUSTA

Week No oC

7067 7t 72 73 74 7S68 69 76Year 1966

1
2
3
4
5

6
7
B

9
10
11
L2
L3
L4
15
16
t7
1B
19
20
2L
22
23
24
25
26
27
2B

29
50
37
32
33
34
35
36
37
38
39
40
47
42
43
44
45
46
47
4B
49
50
51
52 23.9

23.9
22.8
24.4
23.3
21,.7
24.4
25.0
23.3
2L.I
2L.7
22.8
22.2
21.L
21.7
1B .9
t9.4
t9.4
t7.2
18.3
15. 6
L6.7
15. 9
74.4
1,6.7
15. 0
72.8
11.1
72.2
13. 9
1,2.2
1,2.2
L7.7
L2.8
16. 1

14.4
1,2.8
15 .6
17 .B
15 .6
17 .8
)') ')

20.6
20.0
18.3
)') )
1,9.4

18.9
22.8
20.6
23.3
z3-3

22.2
2L.7
24.4
26.r
26.r
27.7
26.r
23.9
2L.l
23.3
23.9
22.2
20.0
27.L
L9.4
20.0
16.7
77.2
1s .6
15.6
17.2
13.3
L3.3
15. 6
L4.4
tL.7
72.2
L2.8
13.3
LI.7
12.2
1,2.2
13.3
72.8
1.4.4
L5.6
16.7
15.6
ls.0
74.4
L7 .2
20.6
20.0
20.0
27.7
21.7
1.8.9
20.6
20.0
2I.7
2L.7
2I.7

23.9
23.9
22.8
24.4
25.6
26.4
25.0
23.3
25.6
¿s .5
21.7
27.t
20.6
22.2
27.7
17 .B
18.9
L8.2
t7 .6
15. 8
rs.2
L4.L
12.8
13.5
74.s
13. 8
T4.I
L4.8
14. B

74.9
1_5.0
14.s
16.7
L7.1
16. 9
15.3
15 .9
18. B

22.2
20.6
19. 9
))7
22.2
20.8
20.9
21.9
2I.3
20.3
23.5
2I.8
22.6
27.r

19.9
23.L
22.2
23.L
24.1
,17 .7
23.3
21.6
24.2
22.8
23.7
20.9
20.7
19. B

79.7
20.7
L7.9
17 .5
16.9
L7 .2
1.5.9
1s.9
15.0
75.2
13.3
14.4
13. 9
73.3
t3.t
72.7
t2.9
L3.2
1,3.L
15. 1

t4.1
1s. 0
14.4
14.8
15.8
18.6
78.7
17 .l
19.4
19. 6
2I.L
18.7
22.6
))?
23.1,
2s.7
22.6
20.9

3
4
4
7

4
4
3
4
2

4
2
6
B

3
1

8
3
7

1

6
9
2

7

0
6
4
1

0
6
6
B

9
3
7

8
5
0
4
9
7
4
2

6

3
4
8

7
9
8
1

24.
22.
23.
22.
23.
24.
24.
25.
25.
24.
24.
¿5.
¿5.
24.
27.
L7.
17.
18.
2t.
15.
13.
L4.
14.
L4.
13.
13.
13.
t4.
L2.
73.
t3.
73.
14.
10.
14.
l_5.
t7.
16.
77.
18.
18.
20.
19.
21.
18.
20.
19.
19.
22.
27.

23.4
21.0
2L.B
22.3
25.3
23.4
2L.0
24.8
22.8
2L.8
20.2
20. 8
20.0
20.3
18.5
19.2
77 .3
16.7
15.2
15.5
14 .5
15.6
13.8
74.6
72.9
12.6
12.3
1_2.9
L2.9
72.6
12.3
12.9
12.8
13.3
13. 6
1,3 .2
L4.3
15.6
77 .1,

17.3
15. 6
18.6
27.2
21.s
19. 8
27.4
20.7
23.0
22.6
23.4
24.6
2s.4

22.7
23.4
22.4
22.0
23.8
25.9
26.3
26.3
24.2
23.4
20.4
21.7
19. B

20.4
2I.4
1,8. 1
L7 .6
77 .B
t5.7
17 .3
14.9
15.5
t4.2
t3.2
L3.6
1,3.2
L4.5
15.5
1s. 1

L5.2
16.1
15.3
L4.9
14.9
14.8
17.3
77 .7

20.5
23.3
24.9
20.0
20.3
19.7
20.0
20.2

21.5
24.4
24.6
24.1,
22.5

23.9
26.0
27 .3
23.3
25.4
22.9
22.4
22.5
28.3
24.5
24.2
23.6
23.8
2t.t
19. L

27.3
19. I
19.1
16. 6
L7 .3
16. L

14.4
14.4
t4.0
L2.9
14.0
72.7
72.7
12.8
14.7
L4.B
14.7
74.6
1,4.6
15. 6
15.6
17 .5
1s .9
15.6
16. B

19. 1

1,7.2
2r.9
79.7
20.3
22.4
27.0
21_.4
23.4
23.2
24.0
2t.7

22.3
2L.6
23.3
23.7
24.6
25.1
26.3
24.6
22.8
22.3
24.0
19.6
20.s
19. 0
19.4
21,.0
19. 6
18.8
18. 6
77 .8
t7.1.
18.6
t7 .4
13.0
13.2
13.7
73.4
14.2
14.4
16.6
74.r
L4.4
1,3.6
74.2
13.6
19.9
18.8
19 .9
19. 1

18.1
18.3
19. 0
17 .3
77 .6
18. 9
22.9
22.7
23.2
27.I
24.6
22.0

23.9
2L.5
21.7
23.7
25.3
25.1.
24.2
24.7
2s.4
22.s
20.3
23.4
20.4
20.2
18. 5

.1

.9
.)

.8

.6

.4

.1

.0

.3

.4

.5

.5

.6

.0

.4
)

.3

.1

.7

.7

18
15
15
15
L4
74
14
L4
t3
73
T3
1,2

t2
1,3

I3
T3
13
T4
15
15
15
L6.
L7.
17.
76.
1,6.
18.
19.
20.

8
6
2

2

5
0
7

9
6
6
5

8

7

2L.
20.
21.
22.



TABLE D2

I{EAN I\,IONTHLY WATER TEMPERATURES AT PT. AUGUSTA

Tenperatut" oC

Month
t967 68
23.2 24.7

70
L 22.5

Year
77 72
23.2 22.8Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

sep

0ct

Nov

Dec

69
24

24 8 24.2 24.5 23.s

/5
22.9

25.3

2L.3

19.9

16. 5

13.9

15. 1

15.3

t7 .4

21.8

20.4

23.9

74
25.2

24.3

24.O

20.3

t7 .3

15.9

13.1,

t4.7

16.0

17 .2

20.8

23t0

75
23.0

24.7

2I.6

19 .8

tB.2

14.3

t4.7

t4.L

18.3

18.4

2T.T

24.2

76
22.7

23.I

22.0

t9.7

16. 8

t4.6

t2.4

73.2

Ls.2

L9.2

79.7

22.5

23.3

22.4

20.L

L6.4

t3.7

12.5

t2.6

15. 5

77.4

20.s

2t.L

2L.7

20.2

16.2

73.7

74.7

15. 8

L7 .8

2L.5

27.0

21.9

2I.7

20.1

16.9

14.8

L3.3

1_3.1

14. 8

15.5

20.s

22.4

24.0

20.r

76.7

14. 0

r5. 5

t3.2

15.9

19. 0

20.0

22.0

20.7

18.8

15.8

13.5

L2.7

72.8

t4.2

1_8.0

20.8

23.3

24.8

22.9

19.3

Ls.2

13.8

t2.9

13.5

76.2

t7.7

20.6
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APPENDIX E

Lensth/weieh t relationship of P. Lq,tisuLcahts

The weights of each prawn to the nearest .1 gn and the carapace length
to the nearest lmm. are shown in Table El.



TABLE E1 LENGTH/I{ËrcHT RELATIONSHTP 0F p. LATTSULCAIUS

Weight
(nearest0.1 gm) ú

16. 8

20.3
26.0
20.3
23.2
27.1
27.0
)7)
28. B

31.8
32.9
34.6
39.3
43.5

20.4

¿5

23
22
27
28
30
32
35
37
39
43

.4 26.

.2 23.
6
2

7

2

8

4
2

3
5

5

2

25.7 26.1 26.1
24.8 24 .9 25.7
28.7 28.2 28.9
29.5 29.7 29.9
31.5 31.6 3I.6
32.3 32.4 32.5
36.4 36.4 36.7
39.0 39.3 59.8
40.s 40.9 41 . B
4s.B 45 .8 46.4

.I 24.

.2 27.

.r 28.

.5 óI.

.1 32.

.5 36.

.2 38.

.4 39.

.9 44.

25.7
29.2
29.9
31.6
32.5
56.8
40.7

26.3
35. I
30.2
s7.6
32.6
36.8

26.3 26.9

30.2 30.9
31..6 31,.7
32.6 32.7
36.9 37.0

32 3

35.4
37.L 37.2 37.5 38.9 39.4

Weight I
(nearest 0.1 gm)

s0.0 s0.3 s0.4 s4.1 s4.9 54.9 s4.9
56.9 57.4 57.9 59.5 60.2
s6.2 57.5 s8.1 s8.8 58.8 59.0 s9.1
62 .5 63 .4 63 .4 64. 5 64 .5
64.5 66.0 66.7
67.6
64.6 69 .9 70.5 77.2 72.0
74.t 75.2
76.3 77.5 79.4 80.0
83.3 84.5 86.2
88.9 89.1

49
50
51
52
53
54
55
56
s7
58
59

24.6
28.4
28 .8
30.9
26.9
37.2
35.4
36.3
38.0
40. 9
40.3
45.0
43.8

24.7

37.2
30.2 3L.4
35.4 36.7
36.4 38.1.
38.2 38,9
38.9 38.9
42.8 44.4
47.4 41, .6
46.7 46.8
47 .8 48.6

38.0 38.4

59.0 39.t 37.2 39.2
39.0 40.9 47.6
4s. B

42.8 43.0 44.8 45.7 47.5
46.8 47.8 47.8 48 .4 49.9
49.2 s0.1 s3 .6 57.5

Carapace length
(nearest nm) d
50
3L
32
33
34
55
36
37
38
39
40
47
42
43
44

Carapace length
(nearest mm) A
36
37
5B
39
40
4I
42
43
44
45
46
47
48
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APPENDIX F

Catch er rnit effort trawled hour in the r Gulf

Ttre nunbers of pra$¡ns trawled per hour of fishing in the Spencer Gulf

Fishery are shown in Table F1.

Observed and predicted catch per unit effort, and catchability ratios

in the spencer Gulf prawn fishing are shown in Tabl_es F2 to Fro.

i

I

i.
I

l,
:..

i

t-

I

I

f

i

I



TABLE Fl CATCH PER IJNIT EFFORT INI.JMBERS TRAWLED PER HOUR)

IN THE SPENCER GULF FISHERY

1968 1969 L970 L97t r972 L973 7974 1975 7976

Jan

Feb

Mar

Apr

May

Jun

Ju1

Aug

sep

0ct
Nov

Dec

3050

2500

4974

s096

4347

2362

1689

1 594

2037

1 535

2ss4

2458

3163

2533

2494

2807

2360

L406

2t2t
131 0

1540

L378

L573

1,992

3356

2840

4550

3943

2443

2390

1091

873

889

rt27
L37B

2I97

2044

4687

55s8

418 1

2L25

16s6

1049

1 085

1080

L41L

2176

2841,

3526

4447

4278

3012

t8t7
1s66

1591

L290

876

t229

I687

1763

3600

57 47

4969

3277

2365

t703

t379

L456

1651-

20s7

2069

2272

2437

) 472r

5593

4265

222r

t277

LT36

L459

1,439

t336

18 01

1 894

2444

2267

2778

1772

It29
B3s

640

s44

550

683

889

to07

3207

s780

4481

272L



OBSERVED AND PREDIGTED CATCH PER IJNIT EFFORT, AND CATCH,ABILITY

RATIOS IN THE SPENCER GULF PRAWN FISHERY

TABLE F2 - 1968

IvIONTTI C e
-zt

obs J-u

Q.l/^
q,o

q,t

q.o
-zt

C td

5096

367L

2636

t873

L898

2303

2380

2534

2354

2807

2055

L523

1544

15 56

1638

1806

7628

1 555

Jan

Feb

Mar

Apr

May

Jun

Jul
Aug

sep

Oct

Nov

Dec

5030

2s00

4914

5096

4347

2362

1 689

1s94

2037

1 535

2534

2458

sL63

2533

2494

2807

2360

7406

2L2T

1310

154 0

Ls78

t573
t992

5096

4612

4r74

3777

3418

3094

2800

2534

2293

2807

2584

2378

2t89

2075

1 855

L7 07

1572

t447

1.0000

0. 7860

0.6376

0. s478

0. s551

0.7444

0. 8s01

1.0000

r.0264

1.0000

0. 7955

0.6402

0. 7055

0.7723

0. 8829

L.0577

1.0359

r.0748

TABLE F3 - 1969

Jan

Feb

Mar

APr

May

Jun

Ju1

Aug

sep

Oct

Nov

Dec



TABLE E4 - 7970

I\ONTH
teo

c -zt Q-l/^_{, -zte
q,o

qt
q,o

Jan

Feb

Mar

Apr

May

Jun

Jul
Aug

sep

Oct

Nov

Dec

c
obs

3356

2840

4550

3943

2443

2390

1091

873

889

Lt27

t378

2L97

2044

4687

5558

4181

2125

1655

1049

1085

1081

141 1

2776

284L

4550

5916

3369

2899

2495

2L47

1848

1s90

1569

]-778

5358

4881

4446

4050

3689

336L

3061

2789

2540

23t4

1.0000

0.9334

0.7827

0.667s

0.s746

0.5614

0.667s

0.8615

0.9505

7.0276

45s0

3656

2637

1935

L434

120s

1233

7370

1 501

12TT

53s8

4189

3t57

2306

1949

1 75s

2054

1950

2r70

2298

t.)

TABLE F5 - 1971

Jan

Feb

Mar

Apr

May

Jun

Jul
Aug

sep

Oct

Nov

Dec

r.. 0000

0. 8583

0.71.02

0.5693

0.5284

0.5223

0.6710

0.6922

0. Bs43

0.9933



TABLE F6 - L972

I''ONTH
9.Iqt

qt
qo

-ztcobs

3s26

4447

4278

30r2

L817

1s66

1591

I290

876

r229

r687

L7 63

5600

s7 47

4969

3277

2365

t7 03

L379

7456

16s 1

2051_

2069

2272

C e
oo

Jan

Feb

Mar

Apr

May

Jun

Jul
Aug

sep

Oct

Nov

Dec

4447

4054

369s

3369

307L

2800

2552

2326

2t21

1935

t762

1. 0000

0. 8969

0. 8186

0.6774

0. s495

0. 4999

0.5062

0.5906

0.7833

0. 9008

r..0103

4447

3636

302s

2282

1688

13999

7292

L374

1661

7742

178 0

s7 47

4396

3642

2644

1875

1846

1 654

1691

L852

1s 66

1 553

TABLE F7 - 1.973

Jan

Feb

Mar

Apr

May

Jun

Ju1

Aug

sep

Oct

Nov

Dec

57 47

5064

4463

3933

3466

3055

2692

2372

2097

1842

r624

1. 0000

0.8681

0.8160

0.6723

0. s409

0.6043

0.6144

0.7t30
0.8859

0.8499

0. 9564



TABLE E8 - L974

MONTH
-zt Q+

-(,q,o

qt
q,o

-ztcobs

2437

472L

ss93

'àzes

222L

L277

1156

1459

L439

1336

TB02

1894

2444

2267

2778

L772

tt29
855

640

s44

550

684

889

L007

c e eoo

Jan

Feb

Mar

Apr

May

Jun

Jul
Aug

sep

Oct

Nov

[Þc

s593

4946

4375

3869

3422

3026

2677

2367

2094

1852

2778

2409

2090

IBI2
L572

L363

tl82
7025

889

771

1.0000

0.8662

4.7384

0. s636

o.5162

0. 6083

0. 6760

0.7326

0.8856

0. 9660

1. 0000

0.9204

0.8472

0.6s76

0.6616

0.6254

0.8520

0. 6s66

0.9796

1. 0948

5s95

4285

323I

2781

L767

1841

1809

L734

1854

1788

2778

22I7

L770

1_156

1040

853

7007

878

871

844

TABLE F9 - 1975

Jan

Feb

Mar

Apr

May

Jun

Jul
Aug

sep

Oct

Nov

Dec

l

I

I

{

I

I

I

i



TABLE FIO

SIJMS OF SQUARES OF THE DIFFERXNCE BETWEEN OBSERVED AND PREDICTED CATCH

PER UNIT EFFORT

constant q)
2(0-P

L3786539.73

2002880.82

688245s.8

29992808.61

Lr204854.14

L23L0956.75

22185586.04

4393733.7s

t027598L4.3

(0-P

L454843.82

886415. s2

L709269.4

426L7L4.75

1117680.30

1656s09. 05

2688734.14

1240727 .LL

1499s894. 1

variable q % reduction in
suns of sqlrares

gg.45eo

55.74eo

7s.16%

85.79r,

90.03%

86.77%

87.88%

7r.76e"

)

1968

1969

197 0

L97L

L972

L973

L974

1975

Mean 9o

reduction
All years
r co¡nbined

80.7seo

85 .40e,
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APPENDTX G

Rainfall and. evaporation over núrserv areâs of Penaetis LatísuLcatus

Table Gl shows the rainfall in nun from eight localities in the Nofthern
Spencer Gulf region from 1967 to L975.

Evaporation at Baroota (fíg 22) is shown in Tab1e G2-

Table G3 shows the rainfafl in mm at Carnarvon (fig 6) on Shark Bay.



TABLE G1 RAINFALL OVER NORTHERN SPENCER GULF

Rainfall (run)

1967

Moonta

Wallaroo

Pt. Broughton

Pt. Pirie
Pt. Germein

Baroota

Pt. Augusta

Whyalla

Jan 
I 

Feb 
l 
t- 

| 
nnr 

I 
ruar 

l 
t"" 

I 
Jur 

I 
Aus 

l 
t"n 

| 
oct 

I 
rrrov 

I 
oec

11

16

1B

38

24

3L

1B

30

61

59

54

50

41

45

49

55

2

1

1

2

0

1

0

J

5

7

0

5

0

1

3

15

I7

16

L0

15

25

19

16

L5

4

4

4

4

72

B

5

5

42

27

5t

25

19

22

T4

19

6B

65

32

27

28

28

1B

13

16

T7

27

15

16

L7

1B

74

L7

5

6

3

5

4

8

2

0

0

0

2

0

1

1

0

6

5

8

4

6

5

4

5

1 968

Moonta

Wa1 laroo
Pt. Broughton

Pt. Pirie
Pt. Germein

Baroota

Pt. Augusta

hhyal la

38

24

34

48

55

39

32

63

48

66

39

L2

L3

36

35

2t

22

20

19

4

4

44

7

15

4B

3L

29

32

42

44

s6

26

BO

7l
95

72

s7

69

4\
29

74

79

65

72

57

72

7t

77

56

56

49

33

37

3T

3T

38

54

44

38

54

55

55

t7

1_8

T7

T2

9

I2

11

28

T4

10

39

34

42

44

39

38

16

16

32

26

36

51

49

60

33

42

36

11

t7

t2

7

t4

3

5

1 969

Moonta

Wa1 I aroo

Pt. Broughton

Pt. Pirie
Pt. Gerrnein

Baroota

Pt. Augusta

lVhyal l a

72

8

9

10

11

50

26

17

63

65

33

39

36

20

10

56

10¿o

26

22

I3
77

19

33

44

77

t6

15

2L

2B

26

9

20

81

86

84

99

111.

736

35

37

2B

21

34

33

25

22

I7

t4

c9

54

59

43

47

38

40

39

36

s4

25

24

45

26

1_1

38

59

52

72

62

49

57

22

30

5

5

2

15

16

26

39

7

37

2L

21,

55

20

27

11

27

24

3L

9

6

4

2t

A

8



Rainfall nm

JulJan Feb sep 0ct NovMar Jun DecApr May Aug

Moonta

Wallaroo

Pt. Broughton

Pt. Pirie
Pt. Germein

Baroota

Pt. Augusta

Whyalla

L967

L3

L2

18

33

24

L7

28

48

5

0

0

0

0

0

0

0

5

J

1

8

10

16

11

11

37

28

36

19

L3

L2

3

18

37

32

36

30

20

2L

15

26

30

22

28

25

24

30

10

11

28

36

24

I7

L7

T7

5

5

50

49

15

54

4L

49

22

26

70

5B

92

72

53

79

70

54

7

2

6

13

1,4

42

22

10

27

28

18

55

52

t20
27

15

30

15

22

23

3T

54

23

26

Moonta

Wal Iaroo

Pt. Broughton

Pt. Pirie
Pt. Ger¡nein

Baroota

Pt. Augusta

Whyalla

t97r

5

4

2

1

0

0

4

0

0

1

L

1

5

6

0

0

50

86

36

2t

33

2t

t6

31

4B

76

118

64

69

74

39

37

66

58

59

44

39

2t

7

2L

52

46

65

69

61

77

52

55

44

38

74

52

61

75

47

39

45

4L

29

58

37

34

19

26

39

50

51

47

33

45

23

20

9

4

10

6

3

4

1

1

47

46

s7

37

48

48

35

42

30

74

t4

36

45

42

32

20

Moonta

WaI 1 aroo

Pt. Broughton

Pt. Pirie
Pt. Germein

Baroota

Pt. Augusta

Whyalla

t97 2

45

24

11

32

26

33

36

37

62

36

47

L6

3B

27

73

JI

0

0

0

1

0

0

1

1

29

30

I6
39

19

30

4

5

11

6

2

5

3

B

2

4

T4

t3

8

8

3

4

4

4

55

56

51

49

39

52

T2

L2

7T

69

57

66

53

39

42

36

22

23

22

15

1,0

11

10

11

T4

7

16

t4

77

24

I7

27

B

5

7

24

15

20

8

19

2

5

6

11

77

11

7

L2



Rainfall mm

t973

Ivloonta

Wallaroo

Pt. Broughton

Pt. Pirie
Pt. Gernein

Baroota

Pt. Augusta

Whyalla

Jan lFeb l'Mar lApr lMay l.r* lJul lnug lsep loct lNov lDec

B

15

¿5

25

25

34

2B

29

66

90

96

150

130

159

93

7L2

38

34

27

13

8

L2

8

25

28

67

18

32

35

37

36

22

42

43

2l
25

4B

48

25

29

86

65

6'J,

6l
53

55

59

43

57

59

54

30

29

36

29

2t

63

69

60

66

67

B9

64

57

22

29

28

33

30

34

3L

25

43

64

73

159

132

TL3

70

76

15

L3

10

36

30

32

52

54

24

24

t2
28

24

28
'3s

21

L974

Moonta

Wal laroo
Pt. Broughton

Pt. Pirie
Pt. Germein

Baroota

Pt. Augusta

Whyalla

18

19

49

101

86

1,03

99

115

37

46

7I

35

40

23

59

B9

7

19

5

3

1

1

2

3

45

27

72

B3

BB

1a

48

34

B7

81

110

t47

723

116

t23

94

11

L5

t2

22

1,9

37

20

10

37

88

82

19

79

75

26

37

20

23

t2
25

32

33

28

16

40

48

52

54

56

64

43

44

97

96

89

707

88

111

79

79

9

9

5

4

5

7

L2

L2

4

4

1

4

10

1

0

2

L975

Moonta

Wa1 1 aroo

Pt. Broughton

Pt. Pirie
Pt. Germein

Baroota

Pt. Augusta

hrhyal l a

13

I7

T3

18

10

30

4

o()

3

2

2

4

5

2

5

4

26

46

23

40

19

16

10

74

9

20

19

23

18

20

9

19

5/

^o+o

32

32

28

32

16

2'Ì

2

7

1.

0

1

1

0

1

73

59

45

37

29

34

30

24

24

37

27

44

34

49

29

23

69

6B

65

59

40

32

27

37

79

1a

92

91

84

t72

64

7'7

19

t3

1B

23

15

11

8

1,2

t7

1-4

73

19

t4

2C

,o

12



TABLE G2

MONTELY EVAPORATIOIE (¡run) AT BAROOTA (fiq. 22). NORTHERN SPENCER GULF'

L967

1968

t969

L970

L97t

t972

L973

L97 4

l-975

J

301

302

347

283

319

258

338

264

303

A

I05

97

tL4

r07

92

109

98

87

98

L46

I40

151

]-2r

2TL

166

l-20

L34

o

203

230

22L

247

237

223

L97

L64

156

N

297

249

252

262

208

262

23L

228

265

D

304

319

278

284

286

347

277

295

287

sF M A M J J

254 229 r73 113 82 95

262 230 186 87 62 63

222 226 166 L24 72 73

27A 2I4 L67 I04 116 118

273 236 181 95 59 A2

276 246 198 133 L20 114

226 240 r83 133 65 79

20L 208 86 78 69 79

278 223 L94 r43 86 r33

97

¡
¡
I

I
(

i



TABLE Gð

RAINFALL OVER CARNARVON, SHARK BAY

* = Rainfall between 0.1 and 0.4 nn

Rainfall (nn)

1960

1 961

1962

1963

7964

L 965

1966

L967

1968

1969

L97 0

1977

r972

7973

t97 4

197 5

L97 6

Jan Feb Mar Apr 
I 
May Jun Jul Aug sep Oct Nov Dec Total s

2

14

L57

t57

0

2

0

777

6

0

1

42

0

1

19

0

6

B8

35

9

67

0

0

0

29

0

0

749

3

0

1

?

110

78

24

0

*

93

25

1

I4
6

0

0

27

0

3

20

24

2

25

2

47

2

4

B

4

1B

9

32

0

0

4

72

B9

29

9

64

143

1

25

3

44

L3

36

60

T7

71

22

70

L4

3

46

10

45

56

161

27

46

55

39

25

18

97

23

31-

67

95

10

21

96

59

99

18

8

1B

3

7

L40

t07

44

180

4I

2

22

L

5

2L

4s

9

36

3

*

4

38

2T

19

32

10

I
1

1

2

5

3

5

*

J

4

9

1

3

4

1

10

1

J

11

0

2

3

5

L

5

0

2

t0
4

1

2B

3B

0

0

0

*

1

4

*

0

0

L

0

1

0

ù

0

B1

0

0

*

0

0

*

1

0

1

1

4

1

0

*

tr

1

30B

189

276

5s6

240

37L

75

299

T2B

93

293

292

303

L22

395

485
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APPENDIX H

Osmotic Concentrations in the Haelnolymph of juveniLe Penaeus Latisuleatus
t)

The replicate haenolynph freezing point depressions ( A) of each

juvenile prawn are represented in each row of table Hl. The

salinity and fteezing point depression of the mediun in which the

various groups of prawns were held in the laboratory are also

recorded. Rows narked * represent the replicate As of the haemolymph

of wild prar{rns. All other deterninations were rnade on cultured

pfal,\tns.



TABLE H1

FREEZING POINT DEPRESSIONS

^
OF THE HAEMOLYMPH OF JWENILE PENAEUS

LATISULCATAS

Salinity of
mediun

L09oo

I59o"

79.6e*

20e*

24.59o"

A of nediun
oc

0.535

0. 786

0.990

1.010

7.230

2s456
mean A of
haemolymph
for each prawn

7.240

L.270

T.298

L.323

7.257

7.329

L.249

L.290

1.298

1,.290

1.355

L.190

1 .415

7.424

r.424

t.437

1.. 390

1.481

t.493

1. 354

1.603

replicate As of haenolymph

1.240

1 .365

L.300

I.320

L.255

*t.325

t.27s

t.325

L. 330

1. 300

1. 360

1.165

1. 380

7.44s

r.440

7.445

1. 395

1,.475

1 .495

1. 350

1. 6s5

L.255

L.260

1. 295

t.s2s

7.260

1.330

1.185

7.27s

1.2t0

7.280

1.355

1. L65

1.5B5

r.445

I "420

7.435

1 .400

1 .490

1. 500

t.370

1.600

I.240

L.270

1.300

L.325

1. 255

1. 330

L.295

L.275

7.210

7.295

1.555

1.185

L.370

I.430

L.420

t.420

1.395

1 .490

1.490

1.350

1.580

I.240

I.270

1. 300

t.32s

L.2s5

1.330

1.30s

L.275

1.400

I.280

L.345

1. L65

r.370

1 .400

7.420

1 .400

1.380

7.475

1 .490

1. 550

1 .580

1.22s

t.265

t.295

t.320

1.260

1. 530

1. 185

1.300

1,.340

L.295

r.360

7.270

L.37 0

1.400

7.420

1 .435

1.580

1.475

L.490

1. 350

1.600



Salinity of
nediun

47 .59oo

54.0e-

59.0eø

63.0e*

67.5eø

7 0 .09oo

A of medium

2.47s

2.795

3.125

3.280

3.540

3.700

replicate As
34s

of haenolynph
6

Mean A of
haemolymph
for each prawn

2.L37

2.162

2.178

2.048

2.L70

2.434

2.328

2.402

2.550

2.622

2.503

2.753

2.92L

2.705

2. 808

3.020

3.740

2.945

3.327

3.330

3.265

2

2.r40

2.t60

2.1s0

2.L20

*2.L70

2.430

2.36s

*2.400

2.550

2.620

2.505

2.700

2.950

*2.705

*2.800

3.020

3.140

2.945

3.325

3.325

* 3.2-3

2.L40

2.L55

2.LLO

2.L00

2.L70

2.430

2.330

2.405

2.5s0

2.625

2.500

2.825

2.950

2.70s

2. 805

3.020

3. 140

2.945

3.325

3.32s

3.260

2.I35

2.165

2.L10

2.000

2.t70

2.430

2.sLS

2.4I0

2.550

2.625

2.500

2. 800

2.90s

2.705

2.8t5

3.020

3.740

2.945

3.325

3.330

3.260

2.735

2.L65

2.1L0

2.010

2.170

2.43s

2.3L5

2.390

2.550

2.620

2.sI0

2.740

2.900

2.705

2. 805

3.020

3.140

2.945

3.330

3.335

3.265

2.L35

2.L65

2.110

2.010

2.L70

2.445

2.3L5

2.405

2.550

2.620

2.500

2.700

2.900

2.705

2.81"5

3.020

3.140

2.945

3.3,30

3.335

3.265



Salinity of
nediun

27 .59oø

30.09".

35.09o.

36. O9oo

40%,

A of nediun

1 .450

replicate
34

As of haenolyrnph
s6

Mean A of
haemolymph
for each prawn

I.454

L.454

1.624

1. 559

1.486

1.7r2

1. s39

L.69s

L.674

7.642

1 .8s8

I.757

1 .648

I,737

1 .803

L.755

1,.692

1.768

1.994

2.028

2.034

1.880

1 .904

7.974

1 .931

L.872

2.000

2.042

1.983

1.960

2

1.580

t.820

1.900

2.I05

1.460

1.460

L.670

1. s70

1.510

L.720

1.540

1. 7s0

1.680

1.645

1 .800

7.750

1.645

*1.735

*L.800

*1.755

*1.890

*L.770

1.99s

2.030

2.050

L. BB0

7.920

xt.g70

*1.895

1.875

1 .995

2.045

*1.975

*1.955

1 .460

L.460

1 .590

7.520

1 .535

L.7ts

1 .540

L.700

1.680

1 .640

1.830

1.7s5

1.645

r.740

1 .800

1.7ss

1 .690

I.765

1.99s

2.030

2.030

1.880

1.900

7.970

7.925

1.870

2.000

2.045

1 .985

7.963

1.445

1.445

1 .600

1.565

7.460

t.700

1. s35

1.690

1.660

7.645

1.B50

1.750

1 .6s0

7.740

1 .805

1. 755

1.69s

L.77s

1.990

2.030

2.030

1.880

1.900

I.970

1.955

1.870

2. 005

2.040

1.985

1 .965

L.460

1.445

1 .590

1.s70

t.470

1.725

1.540

1.680

I.675

1 .655

1. 850

1.750

1 .650

I.735

1. 805

1. 75s

1 .695

I.76s

1.99s

2.020

2.030

1.880

1 .900

1.990

1 .960

1.875

2. 000

2.040

1. 985

1.95s

t.445

1.460

1.670

1. s70

1 .4s5

L.700

1.540

L.645

I.675

1.64s

2.000

1. 750

1.650

t.735

1.805

L. 7s5

1.690

L.765

1.99s

2.030

2.030

1 .880

L .900

1.970

7.920

I.870

2.000

2.040

1. .98s

1.960

42.5%o 2.230
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APPENDIX I

CONCENTRATION OF IONS IN THE HAEMOLYMPH OF JI,I\¡ENILE PENAEUS LATTSULCATUS

In the following tables the concentrations of Sodiun, Potassiun, Calcirmr

and Magnesiun in the hae¡nolynph of juvenile P. Latisuleatus are recorded.

Concentrations are in parts per nillion (ppn - equivalent to mg/rni) and

each row in the tables represents the concentrations of each ion in the

haemolymph of each individual prawn.



TABTE I.T

IONIC CONCENTRATIONS IN THE HAEI\,OLYMPH OF JWENILE P. LATTSALCATUS

EXPOSED TO 11.59,O

Prawn Nunber Concentration (ng/rnl)

+
Na

5622.4

6149. s

675L.9

4367.4

514s .5

68s2.3

6526.0

6149.5

8734.8

7781.0

+
K

288.6s0

365 .205

311.49L

200.298

332.324

264.805

378.006

591.556

622.89L

326.55t

ca**

648.333

843. 360

607.L69

747.980

567.009

582.571

s61. 738

s96.376

6s6.867

458.577

155 .038

149. 596

tg]-.262

133. 050

789.254

773.692

236.944

204.063

737 .548

L49.345

++
Mg

1

2

3

4

5

6

7

B

9

10

TABLE 12

IONIC CONCENTRATIONS IN THE HAEI'ÍOLYMPH OF JIJVENILE P. LATTSULCATUS

EXPOSED TO 1.2.52""

Prawn Number

11

L2

t3

1,4

15

+
Na

6827 .2

77 30 .8

5296.7

7053.L

6626.4

7228.8

+
K

356.67L

389. 301

358.177

274.845

ssg.224

33t.320

++
Ca

822.743

604.978

490.365

772.661

772.404

607.548

80.320

109.436

L02.659

101.906

I78.974

1 1 6.966

++
Mg

t6



TABLE I5

IONIC CONCENTRATIONS IN' THE HAEI'IOLYMPH 0F JI-IVENILE P.: I'A,WflILCATUS

EXP0SED TO 16.Oeoo

7L28.40

6977.80

9061. 10

6124.40

7479.00

7279.00

7028.00

5095. 30

396.329

459.832

561. 189

3s9. 181

307.726

34L.862

377.253

519. 061

542.662

++
Ca

639. 159

623.739

1186. 862

939. 33s

810.716

478.79r

s11.687

484. 959

442.871

L43.823

L77.708

13L.775

58.734

125. 500

111.193

5s.975

130. 520

310.087

++
Irfg

69.778

174.L94

190. 760

109.436

6L.244

781.724

184. 485

165.158

161,.644

23L.673

367 .966

232.426

242.717

1Bs. 740

+++
MgK*Prawn Number Na

L7

18

19

20

2L

22

23

24

2S

TABLE I.4

IONIC CONCENTRATIONS IN THE TIAEMOLYMPH OF JWENILE P. LATISULCATAS

EXPOSED TO 28.59O"

26

27

28

29

30

31

32

33

34

35

36

37

38

39

+
Na

9633.4

6049. 1

10014.9

8107 .3

7580.2

9s12. 9

9j37 .2

617 4 .6

10190.6

8810.1

7103.3

7304.L

7881 .4

+
K

L29.0L4

484.932

404.36r

386.79t

202.557

369.723

308. 730

327 .304

499.992

511.789

67 4.786

430.967

587.340

399. 090

^++LA
302.957

1092.352

927 .4s4

778.L00

504.2s9

939 .493

915.146

792.658

1041.650

7712.934

940.246

9L4.644

977 .6s6

869. 715



TABLE t4 (CONTD)

Prawn nr¡mber

40

47

42

44

45

46

TABLE Ï5

+
Na

7981.8

L0s67.L

9839.2

9688. 6

8609. 3

L0993.8

9989. 8

348.137

394.572

472.884

461.840

330.06s

333.328

352. 6s5

ca**

LL37.030

1180.453

1003.498

1034.873

699.055

680. 963

1026.849

Mg**

367 .464

I70.L78

288.901

264.303

24t.462

224.645

L46.082

K*

43

IONIC CONCENTRATIONS IN TFIE H,AEMOLYMPH OF JWENILE P. LA

EXPOSED TO 3T.59"C

Prawn number

47

48

49

50

51

52

54

55

+
Na

l,0014 . 9

10165.5

10115 . 3

8709.7

1 006s. L

1,0265.9

9789. 0

9337.2

9111 . 3

9186. 6

386.791

s26.347

334.583

5L8.315

3t2.746

s29.108

463. 095

405.859

389. 050

448.788

^++LA

74t.4s4

1176.197

1149.018

841.603

814. 997

87 3.229

861.908

1050.937

801.694

855.400

150.349

71.033

115. 118

251. 000

762.746

782.728

t2I.735

154. 565

18s.999

L56.I22

MgK+
++

53

56

TABLE 16

IONIC CONCENTRATIONS IN TIIE II,AEMOLYMPH OF JWENILE P. LATTSULCATUS

EXPOSED TO 34.5eoo

Prawn Nunber ca** Mg
+

K
++

57

58

59

Na*

10943.6

8835.2

8960.7

285.387

426.95t

436.238

L700.023

679.708

r07 .428

92.870

251 . 000864.L93



TABLE t6 (CONTD)

Prawn nunber

60

61

62

63

64

+
Na

9538.0

10240.8

7089. 0

1 0165. 5

11730.6

s30.7L2

3s6.428

319.978

s04.761

544.921

'ca**

850.308

932.46s

633. 84 0

L0L2.032

927.804

L82.477

14s. 580

90.072

271.080

232.408

Mg
+

K
++

TABLE 17

IONIC CONCENTRATIONS IN THE'HAEMOLYMPH OF JI.JVENILE P. LATISULCAN]S

EXPOSED TO 39. O9,O

Prawn Nunber
+

Na

t2926.5

L7094.2

BsOB.9

8283. 0

70592.2

MgK+

s61.487

473.385

472.Lst

4s9.581

467.362

ca**

L262.384

1069. 634

717.80L

731.679

904.L26

4s7.877

357.674

26s.307

s2t.076

387 .042

++

65

66

67

6B

69

TABLE IB

IONIC CONCENTRATIONS IN THE HAEMOLYMPH OF JWENILE P. LATISULCATUS

EXPOSED TO 39.59O,

Prawn Nunber Na
+ ++

Mg

740.4s

793 .41,L

222.t35

284.885

794.1.64

158. 632

1,69.927

530. 363

2L7 .366

70 1094.2 41I.640 820.087

71,

72

73

76

++
Ca

+
K

74

75

77

17671.5

12725.7

9211,.7

10265.9

8182.6

L2750.8

1L197.B

426.95r

466. 358

395 .827

333.328

413.899

607 .671.

539.650

1015.664

895.131

1004.099

887.7 67

764.832

1630.773

950. 38678



TABLE I9

IONIC CONCENTRATIONS IN THE HAEMOLYMPH OF JWENILE P. LATTSULCATI,IS

EXPOSED TO 4L.S,"E

Prawn nunber

79

80

81

82

83

84

85

B6

87

BB

89

90

+
Na

17972.7

t2t23.3

L2675.5

8985. B

9236.8

10968.7

L7797 .0

12575.r

9989.8

1 0793. 0

r1t44.4

42s.939

s87 .842

480. 163

622.480

s44.670

417 .4L3

498.486

s28. 355

653.102

sz]-.829

724.1,3s

314.503

ca**

1026. 458

900.528

870.459

1043.934

922.887

1085.511

968. 119

867.118

895 .902

L224.OgL

1 0BB . 6s2

786.163

168. 170

238.952

168.672

251.000

358.930

Lrg.962

249.494

2t7.r75

4L0.734

189. 505

++
Mg

+
K

TABLE I.10

IONIC CONCENTRATIONS IN THE FI,AEMOLYMPH OF JWENILE P. LATTSULCATUS

EXPOSED TO 44.Ùeo"

Prav,rn number

91

92

93

94

95

96

97

98

+
Na

11395.4

11044.0

L2248.8

17794.6

8257.9

1287 6.3

L2073.I

L2725.7

72098.2

437.469

594.L77

537.813

489.450

45r.298

s38.t44

47 6 .1,47

463.597

694.015

ca**

947 .04s

876. 884

1338.970

1064.237

964.52L

709I.479

895.388

94s .7 60

997 .674

L86.242

479.1.70

382.775

158. BB3

563.746

246.984

223.739

140. 560

600. 141

27t.t82

MgK*
++

99

100



TABLE r.10 (CONTD)

Prawn number

101

702

103

704

+
Na

1 3505. I

L0692.6

12625.3

LL094.2

734.677

489.4s0

663.742

s6s. 754

ca**

7I2l.S4B

r079.657

1006. 155

7222.549

Mg**

293.670

r99.294

3L7.s04

322.535

+
K

TABLE I. 11

IONIC CONCENTRATIONS IN THE TI,AEMOLYMPH OF JWENILE P. LATISUT,CATTÌS

EXPOSED T0 50.Se"o

Prawn Nurnber

105

106

r07

108

109

110

111

t72

113

774

+
Na

LL922.5

12399.4

117II.9

11.646.4

12324.7

t2499.8

L1,646.4

10315.1

12801.0

11044.0

+
K

579.0s7

499.992

s96.627

630.261,

606.918

555.463

608.926

62t.721

587 .842

724 .637

++
Ca

LL84.97L

1 188 . 568

1009. 753

717r.663

87 4 .0s7

1191.709

897 .787

930. 540

1050 . 1 02

1198.648

Mg**

646.074

155.118

L84.7s6

794.164

777.935

L50. 600

169.425

744.325

163 .401

306.47r

TABLE I.12

IONIC CONCENTRATIONS IN THE FIAEMOLYMPH OF JWENILE P. LATTSULCATUS

EXPOSED TO 65.5%.

Prawn mrmber
+

Na

L3303.0

r5762.8

14332.7

12750.8

^++LA

7423.266

\22s.63s

1093.535

1058. s83

Mg**

793.9L3

77 0.319

229.4I4

794.L64

K*

573.786

604.910

675.44t

851.894

115

116

7t7

118



TABLE r.12 (CoNTD)

Prawn Number

119

L20

L2L

122

L23

L24

+
Na

L3654.4

t4ts6.4

t2826.t

Lt420.S

tL77I.9

LL746.8

576.296

637.289

702.298

599.639

524.088

L042.905

Ga+*

1081. 713

794.90r

1102. 016

1005.384

1215.096

Lt20.263

++
Mg

275.347

794.164

268.s19

141.313

230.669

794.1,64

+
K


