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SUMMARY

TFrroughout Austral lar populat lons of bony brea¡n are

characterlzed by thelr exceptlonal abundance. In the highly

reguì.ated Iower Rlver Murrayr cotiìlltêrclaI catches of thls

specles are lncreaslng whlle those of other natlve specles

are in decl 1ne.

Catches of larval bony brean suggest that Lake

Alexandrlna ls favoured for breedlng, A drop ln catch/effort
durlng wlnter nay lndlcate a seasonal offshore - onshore

nlgratlon. The donlnance of Lake Alexandrtna by bony breanr

suggested by the Iakes/Coorong comnerclal catches, ls
supported by sampling data. HowevêFr the relatlve abundance

of the bony bream ln the river channel is greatly

underestlnated by catches ln the reach flshery. The sanpllng

data support evldence frotn the f lshery catches for the

decline in relative abundance of other large freshwater

natlve specles ln the lower Murray, The bony brean

population is donlnated by young-of-year flsh with htgh

rûortaI lty rates. Adults however have comparatlvely Io¡r

mortal i t ies.

Bony brean ln the lower Murray show seasonal cycles of

condition (more pronounced ln smaller flsh) whlch suggest

wlnter starvatlon. Larger flsh show falIs in condltion
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associated t{tth spawning' Growth ln young f ish slows over

wtnter, and renewed growth beco¡nes apparent in October'

scale - ageing is shown to be valfd to age III+, but beyond

thtsprobablyunderestlnatestrueage.Femalesappearto

Iive longer and grow larger than males' In conparlson wfth

other glzzard shads, the bony brean ts both large and long-

I ived.

The reproductlve blology of the bony brearn resembles

that of other gizzard shads' The bony brean nìatures at a

rnedlan age of 2'3 year3, spaI{ns tn Decernþer-January at water

te¡nperatures of 2L-23'C and ts htghry fecund. spawntng

does not appear to þe dependent on floodtng. Reproductlve

ef f ort lncreases wlth slze ' The ova (mean dlanreter 0'83 nrnt)

and larvae (less than 3,5 nn total length at hatch) are

s¡nalI, and the yolk-sac ts Iargely absorbed by 3'5 rrin'

Developrrrent ls typtcat of clupelds except for the f ln-ray

sequence. sexual dlnorphtsn does not Ðccul" but f en;r'Iet

predorrlnate ln the Iargest slze-classes'

ThelowerMurraypopulatlonofbonybreamlssubJect

to an annual ep t'dernlc of the oomycete ÊEprgl-es.n'Lil

(prlnctpally S.. pAIÃfItl-ÊÊ.) and the bacterlum Ae.E9.U!.0n"1

b¡¡|ÅA.pbfl¡,' The eptdenlc ts spectes-spect f 1c; 1t af f ects
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ht,-a.ilily A.clu]t:. YltlrlËÉ EtlEc:Ë¡-rt i]ril ity m;1y lie incr-ea.¡et-l [-,y

stress due to wlnter cold. Mortal tty rates are not high.

Lestons occur on the nrld-flank and are characterlzed by an

external mycel lun, êPtdernaI eros lon, scale Ios3, hypoderntal

And nuscular oedena, haentorrhô9e, rryof lbral degenerat lon and

by the presence of Saproleqnla hyphae at aII stages of

Lnf ect I on, AI though A, þ.gd¡glhflg I s comrnon 1n advanced

Ieslons there 1s no slgnlflcant systemtc bacterlal

tnfectlon. Thls appears to be a prlmary nycottc dernatltls

and ls noteworthy because sgpr.aLÊ-g[,13. ls best-known as a

secondary pathogen.

The bony bream ln the Murray ls therefore long-I lved,

early naturlng, and hlghly fecund. Floodlng ls not an

essentlal cue for spawnlng, and larval mortallty !s hlgh.

Longevity and an exceptional natallty are Itkely to be the

rûaJor factors ln bony brean success.
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FIGURE 1- 1: The bony bream, Nematalosa erebi
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CHAPTER 1: INTRODUCTION

lJ I¡T. l-ü.pgËI.è!c-e. g¿ Lbg- bonv þgs-êJt j!. Austral la

The bony brearn, N9luèj.o.I.9.EE. ereb t (Gunther) (F lg. 1 . l ) '

occurs tn slow-flowlng rlvers, Iakes and irnpoundrnentS

throughout Australian warm-water catchments (Ftg. l'2 - Lake

1978),andhasbeendescribedasthenostwidespread
freshwater fish on the continent (AIIen, 1982) ' It ls

usually abundant (Lake, L97t; Kowarsky & Ross, 1981;

LleweIIyn, l983) and may be spectacularly so in the Iower

reaches of desert rivers (Ruello¡ I976; Glover' l9$2t

Puckridge & Drewien, l9B8) and in northern reservolrs (A'

Hanlyn, Flsheries Biologist' Sueensland Departrnent of

Prirnary Industr¡, Division of Fisheries Managefliente pêr"S.

comn. ). It thrives in both impounded (Gray ' 1982i

CadwaIIader, 1983) and unregulated waters (Hutchins, 1981),

ln eystems whtch are cIlmatically and hydrologlcally

predictable (Bishop, AIIen, PoIIard & Cook, in press) and in

sone whlch are excepttonally unpredtctable even by

Australian standards (Puckridge & Drewien, 1988). However,

numbers of bony bream have declined rnarkedly in the middle

Murray below the Hune and BurrinJuck dams, perhaps because

of the Iowerlng of sumrner water temperatures (Lalce , 197It



FIGURE L.2:
caLr:hl'rnenLs

sampl¡ng s¡tes

Tkre distribr-¡f-ion of ltort:- breanr irr Ar:stralian
( aclapted tro'n"Vtir-'iri"tt 6¿' St:Lrrnida' tg14) '
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Cadwallader, 1977>. The congeners [- çg¡g and N.-

vlamlnqhir êrld the related Anodontostona chacunda occur in

Australian estuarine and marine waters, and are localIy

abundant (Beuner, 1978t BIaber' 1980; Chubb, HalI, Lenanton

& Potter, 1984). In south-western 9ilestern Austral la a

substantlal ftshery supplylng batt for the crayfish industry

is based on Nr- yl-ê¡û,I¡gbl,

The bony brea¡n has been canned cornrnerctally by Uncle Ben's

of Austral ia (Í,lodonga, Vlctorla), but Its only present

commerclal use ls in the lower Murray, where lt is has been

caught conmercially as crayfish balt slnce the l96Os. The

catch decllned in the seventles, but has been steadily
increasing sincer so that the catch by welght of thts

specles now domlnates the lakes and Coorong glllnet ftshery
(South Australlan Department of Flsherles, 1988). In the

reach flshery of the rlver channel, bony brean are less

1¡nportant, but the rel lance on drurn-nets In thts f lshery

¡nltlgates agalnst the capture of the specles. The total

Iower Murray bony brean catch in 1987188 was 1O0O tonnes,

worth f400,000 (Rohan, 1988).

The bony brea¡n ls also lmportant as the only freshwater

Austral lan rnenrber of the Doroso¡natlnae' the glzzard shads,

an abundant and wldespread group. They are prtnclpally

euryhallne flshes of warnr shallow bays and estuarles

2
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throughout the Indo-Paclfic (NeIson & Rothman, 1973ì Beuner'

1978i Parlnala & Ranalyan' 1980) ln slow-flowlng and

standing fresh waters over nuch of North Anerlca (MlIlerr

1960i Noble 1981)' In Central Anerlcan lakes (Busslng, 1976>

and in both fast and slow-flowtng freshwaters of Papua New

Gulnea (Roberts, L978>. Of the 2L presently recognlzed

species (NeIson & Rothnan, 1973i Wongratana 1983), nine

nornally spend thelr Itfe-cycles 1n fresh waterr âod

flourish in warm Iakes and slow-flowing streams of North and

Central Amerlca' Indla' Bur¡na' Australia and Papua New

Guinea. Of the Netnatalosa specles, alI are ¡narlne or

estuarlne except the Australian [- g.Eg-þ.| and the Papua New

Guinean DIr- fJtg-g.Ê-i-g. and S- naouensls. Although moet

Ng-ü¡ltê,I-g-En species are sub-troplcal , the ranges of [-- nêg-U.Þ.,

[* vlaminqhi and [- erebi extend into te¡nperate waters. Nr-

gXeÞl Is therefore the only freshwater [!.gJqg$lg-gg. species

with a tenperate rànge. In thls respect it [s nìore

ecologlcally comparable wlth thê Dorosorna specfes of Ngrth

Anerlca, and particularly wtth DS-Eg-eg.Un g9.pf.4Þ.0J-ü.' than

wlth congeners such as the rnarlne and estuarlne Nr-

yË4!¡gbf. The troptcal freshwater Papua New Gulnean specles

have been little studied.

Gizzard shads are characteristtcally abundant (Jones &

Sulanslnganl, 1954t Jester & Jensen, 1972, Martinez, 1976r,

3



CHAPTER I Page 4

and in sone cases are the basis for substantial fisheries

(Kawanabe Salto, Sunaga, Maki & Azurnar 1968; Jhingran &

Gopalalcrishnan , 1973i Chubb 9L ê-l--, 1984) '

The North Amerlcan Dorosoma species illustrate this

ahullßlän.]e yrË I L Of I I nnet lc larval f t3h ln Western Lake

Erier S0.t sre D* qg.E^Ê4l3LU.U. or alewtfe At-A¡.q. EÃild'LË¡-l^63

(Mlzera, Cooper & Herdendorf, l98l)'

The bony lorean 1s also lrnportant because 1t perforrrs a

naJor ecologtcal role, The eÞËcleE haS been de¡crilred ñË an

algal grazer (AlIenr 1982), lllophagus (Lake, 1967)¡

detrltlvorous (Pollard, L974, a nacrolnverteþrate feeder

(Êue11or 1976) anet a ¡ntcrophaglc onnlvore (Btshop gl" ð1, ' ln

press), In the Iower Murrayr larvae and JUVënlIeS ÉrÊ

ãcrapltsrlktivorous, aclults prlnarlly det,rltlvorous (Atklns'

1984), Adult bony þream therefore feed near the þase of the

foocl eha.ln, The bony þrean ls also an lnportant colìlponent tn

the diets of such contnerclatly valuable flshes ae callop

UåEql¡.êLlê, ilþlSJ.O, (Herrlck & Mtdgleyr 1985), Murray cod

þ3ç¡LLIpçbg.LL¡. P99IL (Mtlward' 1965), redf ln Ee-EËl-

ÅLffft¡-flLl¡ (Weatherleyr t977 r, lrarranund I lrålÉå caf-cõr-lj-Ë-E

(M*ckittttottr 1964) an.l ari id *at'f iahea (Mort'iaayr HhFrtb'

data), It ls also wtdely reported ae a conponent ln the

dtets of waterbtrds (Lake, 1967 i Cadwallader '* Ba't=khou¡er

1983; Morrlsr Nlcholson & DaIz leI r 1984) ' The bony þrearn

4



CHAPTER I Page 5

therefore functlons ecologtcally as a maJor Ilnk between

Iower and upper troPhlc levels.

AII gtzzard shads, betng prlnclpally mlcrophagousr pêFform a

afrnilar role, Marlne specles such as AngdglJ.g¡J.9.u¡,9l¡ô9ll$lö.'

Cl¡¡En-g$g.p" pl¡.Uq!¡B¡¡. and [* U.ôES.ÍL are lrore zoo¡rlanktlvor'rut

(Chackof 1948t Rao, 1965i Kawanabe Êl 1L. ' 1968i Beuner'

1978), freshwater specles such as D.- qg.Ef,4lÄf¡¡.ü,r and Q-

EtLEqnE[¡.g. are ntore t1]<eIy to lnclude phytoptankton and

detrttus wlth zooplankton (MItIer, 1964i Bodolar 1966;

ileeter & ,Jensen , L972>, D.- qf.ff,j,¡-Êru¡Jt and Q- E9.tÊ.rc¡.fl.9. htere

lntroduced to trnpoundnents across the Unlted Statee as

forage for gane flsh (Range' 1973; Shelton & Grlnsteadr

lg73i Heldtnger A Inrbodenr Lg74r, and A.- qÊ.Ef,3l,LÊAl¡¡. le a

conponent 1n the dtets of L7 plsclvorous specles (MllIerr

1960).

Increases ln the range and aloundance of the bony breafir as

trnpoundnrent and regulat ton proceed are t lkeIy. D- CA.P9d,þ¡!.U.

ln North Anertca has extended lts range fro¡n the Atlantlc

dratnage Ífest Into gJyontlng, Colorado and t'festern New Mex lco

(ilester & ,Jensen, L972>, up the Mlssourl Into North Dakota

(Carufel & Ílltt, t963) and north lnto Lakes Huron and Erle

il.{l I lerr 1957) , ShaI Iow bays 1n Kansas reservo lrs carry I t 23

kgofDr-Cg.pg-d,fa!.l¡.U,perhectare(Cross&CoIItns,1975).'and

5
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thls sttuatlon 1s repltcated ln tmpoundrrtents acrose the

unlted states (Lagler & van Met€rr l95lt Lewls, 1953; Orth'

1980) . Further, bony þrean nay eerve an lttcreas tngl y

inr¡rortant forage role ln the stocklng of warn-water

reservolrgr and ln polyculture (Macklnnotr' tgB4) ' A 3tu'1y rlf

the I 1f e-hlstory character t st l,cs of the bony breamr and

conparlson tn partlcular wlth those of the Anertcan A9'89jl4'u¡t

epeclesr should contrlbute to the f orntulat lon of gu ldel lnes

onthestocklngofbonybreamandtheImpoundnentof
waterbodles tn whtch the specles ls found'

l*;| Ç,x¡nggå rD, þg.u.y. þr,Êjr.u, d r str rbut r on end. oþ¡usl¡¡gÈ lÄ lbÊ'

]-a.ssr. tt.u.E.r3r. B.igs-r--

In the lower and rntddle Murrayr thê bony brea¡n was

apparentl y abundant be f ore t rrpoundrnent (Ze Ltz, 1902 ì

Qa.ctwallader,L}TTl.InthelowerHurrayrcollllrlêFclaIcatches

have been tncreaslng steeply over the last decade l>oth ln

absolute terns and ln cornparlson wlth catches of other

specles (Rohan, 1988). The 1987/88 catch htas tsllce thë

welght of the European carp (Qy¡fl¡i¡rf. çöIPlg.) catch' and

nearly 20 tlnes that of the catch of callop, the second nost

abundant natlve flsh (Ftg, 1,3)' Howev€l^r the comnerclal

record ts not a reltable gulde to the relatlve abundance of

bony brean tn the lower Murray because both the

Iakes/coorong and the rlver reach are multl-speclee

6
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flsherles ln whtch effort dlrected at part,lcular specles ls

dlfflcult to determlne, The declared catch ls partlcularly

unrel lable as an abundance nìeasure because tlre nunber of

fleh kept and declared depends on the seasonal denand for

crayflsh balt (0. HaII, flsherles btologlst, Souttr

Aqstrallan Department of Flsherlesr pers. conm.). More

rellable catch effort data are needed to conflrn that the

bony bream ls lncreaslng ln aþundance relatlve to other

nat ive species.

Other freshwater glzzard shads appear to have been favoured

by impoundment. The canal system, lnpoundnent and del lloerate

lntroductlong have lncreased the abundance as welI as the

range of both D.- Cg.pÊd,|3DJ.ü. and [- pq[g.OÊ¡.Ê.g. ln North

Àmerlca (Carufel & ú{1tt' 1963; Grlnstead, Gennlngs' Hooper'

Schultz & 0,lharton, 1978t Loch' Derksonr Hora & Oett lng'

1979>. In the 1950s, the domlnance of lnpoundments by

Dorosoma spectes, particularly Dr- Cg.pg-d,|3¡¡¡.[r Íràs constdered

detrlnental to garrie flsherles' and expenslve' generally

unsuccessful attempts Ítere made at control and even

eradlcatlon (Parsons, 1957; Hulsh, 1959; Schnelder & Llttler

1973). The bony brearn has a comparable latltudtnal range to

D- qÊ.ÊÊd,¡-qru¡.!t, and lts success ln the lnpounded lower Murray

and in Sueensland and New South Wales reservolrs (Rohan'

1988i Cadwallader, 1983) suggests that 1t has the potentlal

7
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ftlr rlnlIar cl,rnll1,ltilltl rlf åFtifil:lâI waterbÖtlles' It' 'iÉÉ¡liE'

I ikelyr tlreref orer tlra.t tlre bÕny ]rrea.n Fr¡.¡ lreen favr¡urecl ]ry

tnrpoundment and regulat lon tn the lower Murr"ry'

l--å FgË.E-i-hl-Ë- eI!f-Ê!Àtl-a!Å f!.Ë. lhÊ. !¡çrÊ.ô89. l¡¡- Eþl¡lslatsÊ. qL

Þg¡.tt þrg-ô.!û. !t IÀ.r. l-e.ug-Ë. MgËÀr.-

The Rlver l.furray has been subJect slnce the 1920s to

progresslve regulatlon of the f Iow regtnter and aI lenatlon of

floodplaln habltats fron the naln channel (t'Jalker' 1985;

Cadwatlader, 1986), In assoclatlon wtth these changesr

catchee of naJor connerclal ftsh specles such as callop

(M¡Cq¡¡.OL!O, ô.Uþlg¡¡Â), Muruay cod (M¡g¡tLLAËbÊ-LLå. EË.ÉJ,I) antl

catflsh(IÄlslilrl.Ê.IrÃldil!.a)haverrrarkedlydecllned
(Reynoldsr lg76i Rohan, 1988, Flg. 1.3), and thts decllne

has been dlrectly I lnked to changes ln hydrology

(CadwalIader,lg78,l986;ÍlaIker,l983rt986a)'Tlroee

apecles ln the lower Murray (Murray cod and catflsh ) whlch

appear not to synchronlze spawnlng wtth the hydrologlcal

cycle, ðre belleved to þe sufferlng recrult¡nent fallure

(CadwaIlader, 1986t Plerce & Walkerr subnt' ) ' Even tl:e

¡lñrcrrËË of callop and sllver perch (EldfOru¡¿ þlSfEgSÉ.) -

specles nhtch do spawn tn response to f loodlrrg - þavç

euffered sone decllne, The bony brean [s the only large

natlve specles for whtch cðtches are lncreaelng ln t'he Iowet'

I
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Murray. A study of bony brea¡n I tfe-hlstory nðy reveal thË

rËB.-Rrrn-q for' thle suGCÊEÉr and add to our underetandlng of

factors contrtbutlng to the decltne of other specles'

Very I lttlÈ' work has been done on the I lfe-hl$tory of t'he

bony brean. (General connente only wtII be ¡nade on thle work

herer ãs nore detall ls glven ln the lntroductlons to the

followlng chapters). Onty lncldental data are avallable on

ð.ge and growth, and no valldated age-growth curve ls

avallable for the bony brean front any Australlan catchnent.

There have been few studles also of reproductlon ln bony

brean; nuch of the publ tshed tnf orntat lon ls anecdotal r aÈ.f

appears ln general telrts or revlews, Two connuntty studles,

Puckrldge & Drewlen (1988) and Blshop Êlf ôt. (tn press)

Constttute the only prlmary research. However' nelther of

these publ lcattons wàs tntended to be a def tnltlvè Ëtqßly Of

lrony brea.n reproduct lve blology' There 1s no puþI lshed

account of the relatlonshlps betrdeen slze or age and

fecundlty, slze or age and naturlty' or of egg and larval

developnent. What prtmary research ts avaIlable does not

refer to the poÞulatlons of the lower Rlver Murray-

Certaln Itfe-htstory tralts wtLl have ð predonltrant

lnfluence on abundance. It has been proposed that larval

surv I val rates depend pr I rnar t I y on the synchrony of spawn Ing

a.nd f loodlng, s lnce only durlng f Ioodlng does zooplankton

9
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success lon produce a suf f lclent dens tty of aÞPro[-'ria.teIy

E iEËil sçrri¡1I,1nktÈrE tö -tustaln developlng Iarvae (tlelcornne r

lg|g; Awachte, l98l; Arurrtugant & Gedde¡r l9B7i GÉflflÉE fc

Puckrlclge r ln press; Plerce & Walker, subn' ). If the specles

does not synchronlze spawnlng and floodtngr and hlglr larval

mortÉ.l lties occur, thls rnlght not I lnrlt populatlon growth 1f

adul t rïortat I ty ts lowr ae would be efiÞected ln a stable

ËyËtêtft such as an lnpoundrrent, But the bony brean ls also

htghly abundant 1n central Austral la under sonte Of the ntl;t

unpreellct,ahle hydrologlcal reglnes 1n the world (GIover A

3lm, lg?8; Graetz' 1980i Puckrldge & Drewlenr 1988)' and the

FrÉ-lrrrpourrrlnent Murray also wae subJect to an erratlc

hydrologlcat cycle (t.laIker, 1985), In these clrcultlstancesr

high Ð.dult lriortallttee nuet also be connon' dependent on the

ratto between the areas of flood and droqght habltat

(t{elcornme & Hðgborg, L977). . Mean populat ton dens lty

sustalned over cycles of flood and drought nay therefore

elepend norË on the rate of poÞulatlon recovery than on adult

f ood suppl les, Thts rate wlII depend on the nargln l>etwËÊll

natal lty and tnortal lty rates' Hlgh fecundlty' early f lrst

maturlty, Iow nean reproductlve age and lncreased longevlty

aIl ltrcrease natal lty' although Iower riean reproductlve age

has the strongest ef fect (Coler 1954; Caughleyr 1967). MË'1tË

( 1971) however lras shown that, for populatlons wlth htgh

10
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pre-reproductlve nortal tty rates (M)0.9), sntall changes ltr

thËEÉ raÏes have greater effects on aþundance than any other

I ife-htstory paraneter. So a specles I tvlng 1n

tryclrologic+IIy unprËdtctable envlron¡nents nust be capable of

e lther synchronts lng spairntng and f Iood cycles to retluce

Iarval ¡nortal ltyr or ntaturlng early wlth hlgh fecundlty to

naintain high natalltY rates'

In envlronnents such as the Lake Eyre catchnent, where

drought phases may extend for a decade (Tolcher, 1986)'

repeated recrultnent fallures are llkely, Longevlty of the

broodstock ln thls sttuatlon nray provlde a safeguard agalnËt

Iocal e¡¡tlnctlon, and ensure that rnature adults are

avallable to breed promptly ln response to lnprr.rvet-l

condltlons, 8lnce the lower Murray was also' before

regulat ton, .subJect to protracted drought (t'lalket', 1985) ' it

seens I lkely that the bony brea¡n of thls reglon ls a long-

I lved specles.

Glzzard shads ln general are characterlzed by early maturlty

(Jacob, Lg48i Tho¡nson, 1957; Berry' 1958; Bodolar 1966;

rfe¡ter & ilensen, L972i Chubb & Potter, 1986) ' hlgh fecundlty

(Rao, 1965; Ktlanrbl & BagI lnr 1969b; Chubb a Potter' 1984)

and rnoderate Iongevlty (Jester & Jensen t 1972î Tak ltar 1978ì

Chubb & Potter, 1986). Northern hemisphere freshwater

glzzard shads follow a regular seasonal spal{nlng cycle even

lt
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under the rnod I f ted hydrolog lcal reg I rnes of I npoutrdnËtltE

(Ba.gI [n A Hl lambt I 1968i Jester & ,Jensen , L972'l . Floodlng ls

therefore not an obllgatory cue for spawnlng, It 1e Iikely
tFrat bony bream wlII also show htgh natallty and a spawnlng

response whtch ts relatlvely flood - lndependent, HoweVËt'r

Itfe-hletorles are typlcally adapted to local condltlons

(Leggett & Carscadden, 1978i Mann, MlIls & Crlsp, 1984), and

tt ls lnportant that flndlngs under the ¡nodlfled

hydrologlcal regtne of the lower Murray þe conpared 9¡lttl

those front other reglnes ln the specles' range (Blshop gl

ô-L-, 1n pressi Puckrldge & Drewlen, 1988). The latter tldo

¡tudle¡ aIIow õ comparlson of reproductlve patterne fro¡n one

of the most predlctable and one of the most unpredlctable

hydrologlcal cycles ln Austral la' Slnce the present study

slte Iles at'the southern extrene of the specles' rangÈ

(Flg. L.2r, and the above-mentloned studles Ile at the

northern extrene and centre respectlvely' conparlso]l¡

between the three are Ilkely to be lnfornatlve'

JJI B¡.us.u.s. d,l¡s.ðEs. ðod. ![Ê l-up.LLsatl-a.u¡ fgr f.bÈ aþ!.u44sÊ.

aff. r¿¡,9Ê. Ê.f, f,hË. ÞÉ.uJt þEÊ.å¡¡- ald, f!.8 LhÊ. þ.4!¿ ÞËÊ.oü. f I sherv -

An annual eptdenrlc of f ungus dlsease tn bony bream has þeen

notlced by flshernen ln the lower Murray slnce at least the

l94Os (t. Gray, Mentngler S. Aust. r per3. comrn' ). The

L2
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condttlon does not appear to affect other specles'

F-rturlie= of dlsease condlttons ln the bony brean are rare '

There ls an anecdotal ItteratüFêr but the only 9clÉtrtlf it

¡tuqlle=, are those of ,Johnst'on & Bancrof t ( t92l ), Langdon,

Gudkovs, Hunrphrey & saxon ( 1985), Department of Ports atrd

Ftsherles (1986) and Puckrldge & Drewlen (1988). None of

these deals wlth a dlsease spectftc to the bony brearnr ôrrd

only the last refers to what rnay be a prlmary nycosls. No

prevlous study has been ntade of the annual f ungus dlsease ln

the lower Murray whlchr unllke the condltlons reported

above, ls exclusive to the bony bream'

A study of the aetlology and eplzootlology of the lower

Murray fungus disease nay indicate which envlronmental

condltlons pronote the outþreaks' and so potentlatly llmlt the

range and abundance of the species. It ls Ilkely,

conslderlng the lower Murray ls at the southern e{"Se of the

specles'Iatltudtnal range, and the specles 1s susceptlble

to nrase ntortaltttes perhaps tnduced by wlnter cold (Lake,

lgTli Cadwallader & Backhouse, 1983) that cold stress ls a

naJor contrlbutlng factor. For the flshery, such a study

wiII tdenttfy the health rtsks associated with explottatlon

of the resource for hunan consumptlon and the lmplicatlons of

the introductton of the specles to new habltats as a forage

fIsh. It nay also predlct the effects of future

13
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env I ronntenüaI change upon d I sease I nc ldence '

l..å Qþls.eLl¡¿s-g e.f. f,bs. ÞJ-urUå

Hypothe ses :

l. In the lower Murrayr bony bream abundance ls lncreastng

relatlve to that of oüher large natlve specles'

?,. Bony brearn are relatlvely long-I lved contpared to other

gLzzard shads.

3, Bony brean elther have an exceptlonal natallty' or thelr

spawning ls synchronized with f Ioodlng.

4. The range and abundance of bony bream ls affected by

fungus disease, Induced by wlnter coId.

The obJectlves of thls thesls are:

1. to test the above näJor hypothesêsr and a nunber of

nrlnor ones' through fulftlnent of the followlng goals:

a. Estf nate the relatlve abundance of the bony breant

ln the lower Muruay ln relatlon to the abundance of

other Iower MurraY sPecles'

h, Descrlbe seasonal cycles ln catch per unlt effortr

and the etructure and re lat I ve lnortal t ty råtes of ttre

L4
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Iower Murray bony brean populatlon'

Ê, Evaluð.tË scale-readlng as an approach to the

agelng of lower Murray bony brean, and descrlbe the

ö.ge-grovrth relatlon and seasonal cycles of body

condltlon.

d, Descrtbe the reproducttve blology of the lower

Murray bony brearnr part icularl y gonadal cycles '
sparrrnlng cuesr spawnlng sltesr sex ratlo' egg and

IarvaI development, fecundlty, reproductlve effortr ô9Ê

and length-naturtty relat lonshlps.

e. Identify the prtncipal pathogens lnvolved In the

saprolegnlasls of Iower Murray bony brean' describe the

pathology and epizoottology of the lnfectlon' and

deternlne the envlronnental factors assoclated wlth the

initiation of the outbrealcs.

2. To deternlne the tmpllcatlons of the above flndings for the

bony bream do¡nination of Austral ian r{arm waters' and of the

I ower Murray env I ronrnent ln part i cu I ar .

3. To compare bony brean Iife-history to

glzzard shads, and declde what this may

trends in the range and abundance of the

that of other

imply for future

bony bream,

4. To exanlne the I¡npl lcatlons of I lfe-hlstory f indlngs for

l5
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the bony bream fishery and for the use of bony bream as a

forage species.

1.6 Outl, lne gL Lbg. thesIs

Tt're t|¡es.1s corrslsts of a core of f our chapters' each deal lng

with an area of bony bream Ilfe-hlstory. Each of these

chapters ts presented essenttatly as a dlscrete paper' etlth

separate sunmary, lntroducttoûr Ílethods, regultg and

dtscusslon, These papere are lntegrated through an overall

lntroductlon, discusston of general nethodsr ôrld concluslon'

Chapters 5 and 6 are dupllcated tn thelr essentlals [n

appendlces II and III, which are papers (II submttted' III

accepted) derived fron these chapters'

l6
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CHAPTER 2: GENERAT METHODS

2. | . Ae.Þcr.Lül-ell

2.1.1. Sanpling sites

Ftsh were sanrpled prlnclpally at Zadow's Landlng (ZLl. (Lat,
olol34, 58 Long, 138, 59) on the lower Murray and Polnt Sturt

(Ps) (Lat.3ai 58/ Long. 139 i d> in Lake Alexandrlnar but

lchthyoplankton trawls were also conducted south of the

mouth of the Rtver Marne (M), and at the ¡nouth of the Flnnls

Rlver (F) South Austral la (Flg. 2.4>.

ZL is a shallow pernanent backwater with a nud-clay

substratun bordered wlth rushes ('Juncus sp.), broadleaf

cumbungi TfpE gl.teÂ!ÀL¡-e. and comnon reed Ebf¡g.tll.e-Ê.

ô-U.Êf.EÀLlår ðûd densely vegetated wlth rlbbonweed lle¡Ll¡neÊlg.

spiral is. Glllnets rdere set parallel wtth the edge of the

nraln channel þetween lslands of wlllows ($ELl¿ sp. ), 18nt

se ines were hauled paral IeI to the rnain channel along the

rlver channel border of the bac]<water, and 2n selnes were

hauled from lorn of fshore into the reedbed border of the

backwater. Flve ichthyoplankton trawls were made in an

upstrean direction, five downstream along the naln channel

20m offshore parallel to the backwater.

P3, on the northern side of Polnt Sturt, ls a bay protected

L7
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frorn the prevail ing winds, but stlll subJect to occaslonal

strong r{ave actlon, It has a sand on clay substratum, and

only very sparse fringing vegetation - principally

Phraqmltes austral is. Gitlnets were set at PS paral).el to

the shore and 200n offshore, l8n selnes were hauled

parallel to shore and 20m offshore, 2m selnes were hauled

lOm offshore into shorer âod the l30m seine was hauled fron

5On offshore onto the beach. Ten lchthyoplankton trawls were

rnade 50m offshore and parallel to the south-western shore of

the lake,

31te F ls a broad shallow lnlet' bordered wlth dense stands

of cornmon reed, and densely vegetated wtth t{äter nllfoll
(llrcl¡pb¿Ll¡¡. sp.). Ten lchthyoplankton hauls elere nade

paralIeI to the shore and 50n offshore fron tlest to east

lnto the lnIet.

31te H ls a Z-kn reach of the naln channel of the Murray

lmnedlately south of the Marne ¡nouth, bordered wtth wlllows

and f iver PËd gun (EffÈHE-[-t¡-Ë. namalrlulannin), Five

lctrthy.rÞlankton hauls were nade ln an uÞËtrË.1nt cl ireet ic¡nr

f ive rlowtintreð.n pÐ.ral IËl to the shore and 20n of f shore ln

the nraln channel south of thÉ Mat'ne nouth'

18
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2 . | .2 SamPI I ng me thods

A set of eeven 50 rn gl I I nets (nesh s tzes 20- 1 10 rnm ln

approxtmatety geontetrlc lntervals, after Laglerr 1968)'

threÉ _ße lnes (Iengths 2t 18, 130 n; nesh slzes 2' L2, 30/50

mn respectlvely), and a 0.Snr dtameter 500 ur¡l lïe3h

lchthyoplarrkton trawl were used, HoweVêrr only ttro of the

seven gtllnets (rnesh stzes gOr l lO) r{ere used at P3, and the

l3(Jrn ËËlne Ìta.s not ueed at ZL, $ltes M and F irere sanpled

only wtth the lchthyoplankton trar+l' GIII-nettlng took place

over a 24 to 72 hour perlod, wtth nets enptled at a

frequency of 0.5 to I hours, dependtng on catch rates'

Selnes and trawls Tlere conducted tn mld-afternoon. The

dlstances hauled per selne were 5rr, 2orrtr and 50nt

rËEÞìect l Ve I y, The lchthyoplankton trawl Í{as hauled at the

surface for.3 nlnutes at 3-4 krn/hr. Catch rate of a Snlth-

Root (GPP 7.5 h) boat-mounted electrof lsher htas tested at

zL.

Gillnet Éê.npllng was condqcted ntonthly at ZL and PS from

Septenber 1983 to Decenber 1984, but from then to Decenber

1986 took place only durlng the fungus dlsease and breedtng

seasons (June to Dece¡nber). Ichthyoplankton trawIs were

conducted from October 1985 to Aprll 1986; 130n selne hauls

from February 1985 to February 1986, and Zrn and 20rr eelneg

fro¡n October 1983 to Decenþer 1984'

l9
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2.1.3. Processlng of sanples

Dependlng on catch sLze, the whole catch or stratlfted

randon sarnples (s tze-cIass lnterval 50 mr¡t total Iength (TL) )

were rËtalned and processed at the PS and ZL fleld stattons.

Slnce there ls no obv lous sexual dlnorphlsn ln bony breantr

captured flsh Ìrere dlssected and sexed untll at least three

f tsh of each se:( ln each of e tght s lze-classes f rorn 50 [o

450 nnt erere caught and processed, Although thls goal l{as not

always fuIIy attatned, the resulttng length-dlstrllrutlotr

f,r.cl I ltdted the detectlon of gradtents ln sex rat lo,

condtt lon factor (CF) and gonado-sontat lc lndex (GSI ) wtth

.-lze r and enhanced the preclslon of such expresslons as the

we lght-length relat Ion'

tcF = to5<boay we lght - gonad we lght) /(total Iengttr)31

tGSI = tO2{gonad nelgbt)/body wetghtI

However, tn GSI and CF anal ys ls, s lze-claeses were grou¡re,l

te-¡ glve tl:ree categorles: Iarge adults (300-450 TL), snalI

adults (l50-300 Tt) and Juvenlles (50-150 TL)' AII larvaI

a.ncl juvenlle flsh þelow 50n¡n were ldenttfted and measured,

but rdere not f urther processed ' D I seased f t sh wËrË

-iËgrËgated at catchr and pathology procedures cornpleted

before routlne processlng (see 6,3), AtI flsh wÉrË nËaåurÉd

(TL, LCF, and body depth to I mn) ' we tghed (to 0. I gn) '

20
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dlssectedr gonads photographed tn sttu, Ieft and rlght

gqlnrcl¡ we ighed (to 0,01 gtn) and neasured (wldth, to 0' lrrtrn),

then preserved ln elther Gllson's FIutd or l0t buffered

fornal ln (App. I ). About ten scales were renoved lrrrrnedlately

posterior to the ttp of the Ieft pectoral ftn (after Berryr

1958i A1-Rawl & Toetz,1972ì Bagenal & Tesch' 1978)' and 1n

1986, the Ie f t pectoral f tn was rernoved f or f ln splne

sect i on ing.

2.1.4. Analytical procedures

Data was analysed on Osborne and Sanyo 555 rrlcrocomputers,

uslng þoth prograns wrltten by Dr. K,F, Walker (Departnent

of ZooLogy, Universlty of Adelalde)' and Nt'lA Statpak Verslon

3,1 (Northwest AnaIyttcal, Portland Oregon 1984), GSI,

CF, gillnet catch/nesh slzelhour, nean selne and trawl

catch/hauIr specles conposltlon of catches' and length

frequencies of bony brean catches were calculated'

At each glIInet slte on each sampllng occaslon, wlnd

strength and directlon were subJecttvely estlnated' trater

IeveI neasured tn netres below a daturn on a staker rrionthly

water tenperature read at 0.2m by alcohol-ln-glass

thermoneter and together wtth dlssolved oxygen ln ppm at

0.5m depth Intervals tdlth a YsI model 5tB o¡(ygen neter, ÞH

r{as deterrnlned wlth a Metrohn ¡nodel 8604 pH rûeterr

2l
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conducttvtty ln uS/crr sllth a Radloneter CDM3 condut=tlvlty

neter (converted to TDS ln rng/L at 25 C) and Seccht depth

r{as recorded ln cn. Dlssolved oxygen, PH and conducttvlty

mètera trere caltbrated every three rìlonths. Data on modal

monthly day length at Adelatde Í{as prov lded by the Bureau of

Heteorologyr and the South Austral lan Englneerlng and 0'later

Suppl y Departnent suppl ted nean hteekl y wdter tertlÞeraturÈË åt

Mannu¡n and Mllangr fiiêðr dally dlscharge per nonth ln

negal Itres at Lock t (Blanchetown) and rûonthly water

chËïtlstry data fron Mannurn (organo-chlorlne pestlcldesr

total Ironr eoluble lron' total ðIunlnlurrr soluble

alnnlnlurnr total cadnlun, total chromlum' total copper'

¡r-rIuþ1e G.lpÞËr' tot,tI teadr tÐtåI ñåttfút1ËËË r ËoIublË

nanganese, total ztnc' aII 1n ng/L)-

0n1ï tWO E itGË tlËt'e rout lnely santpled' þecause of trd.nsport

costs and tr¡e ttnre necessary to obtaln adequate nunbËrE ']f
flsh ln each slze-class per slte, Varlances tn GSI were both

large and varlable wlth eeason, For exanpler to obtõln a 95'ï

confldence lnterval for nean large adult GSI wlthln 254 of

the nean would have requ lred a catch of ) 120 f entalesr 3

nrales 1n Decentber 1983' 3 fenales, 1O ttialee tn JuIy'

Further, both eex ratlos and slze conposltlon of catches

va.rled strongly ttlth seasonr whlch nade standard conf ldence

22
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lntervals dt f f lcuIt to matntaln. In pract Ice I a ntnl¡nunr

c.3.tçh of three ftsh of each eeË per slze-cLass, nlth catches

of large males somet tnes Iess, r{a3 rout tnely achleved,

Larger collectlons were nìade for speclflc purpoees' such as

determlnatlon of age lslze at f lrst maturltIr slue-fecun,lity

relatlonsr or tlne of scale annulue fornatlon.

A lake and rlver stte (PS and ZL respectlvely) were chosen

to ÞFovldê lnfornatlve contrasts and to repreeent t,he naJor

habltats of the lower rtver. The partlcular s ltes chosËtl

provtded easy access' and at PS' sone shelter from

prevalltng wave actton, whlch could otherwlse prohlblü

åË.ntFI lng, Entra sltel M and Fr used only for tchthyoplankton

trawls, were chosen on the basls of resenblance to SpðWnlng

t'r¡.liitátË of lrouy breanr ð.nd DelLaE-oü¡. ËpÉclËE descrlbed ln the

I iterËturÊ (Lanrlrour 1965¡ Ëhelton, 1972î Llewellynr 19613) '

Year:round ïtonthly sanpl lng at both PS and ZL was

dtscontlnued tn 1985 þecause effort had to be ratlonallzedr

and thË Bpal{nlng and dlsease cycles rÍere of paranount

lnterest. The f uI I -scale sarnpl lng conducted at ZL could not

þe repl lcated at PS because of personnel and tlme

constralntsr so effort at PS was focussed on sanpllng of

la.rge adqlts (whlch showed the clearest gonadal cycles and

were most suscepttble to fungus dlsease), and on larVae and

23
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snaII Juvenlles, às lndlcators of spawnlng and recrultnent,
Tha.t 130m =eltre and lchthyoplankton trawl sanples were not

conducted through the lntetrslve ran¡rI lng perlocl l9ö3-84 i¡
unf ortunã.tË r as th ls would have prov lded both use f uI

conparlsons wlth other gear and supèrlor populatlon

aa.nrpl ing, HrrwevËpr nelther tlne nor personnel were avallable
to do this.

GilInËtÍ r1rÊ welI-known for a tendency to selectlvlty
(LagIerr 1968; Jester, 19771, For a specler trlthout Ëplne¿

or othËr nÈttable proJectlons llke the bony bream, catch

depends Iargely on body cross-eectlon (although occaslonal

enall specl¡nens w11I brtdle ln large-¡nesh nets)r and the

gear 1s prectsely selectlve, Such selectlvtty lg obvlous ln

frequency hlstograìte of glllnet catch /hour / rresh s|ze
(Flg. 2,5), The larger ¡nesh-slzes show arrple overlap ln the

rdngË of ¡ I ze-cla88ea caught r lrut thËrË ia leaa ovÊrlË.Þ

between the snaller nesh catches. A closer spaclng of ¡nerh

slzes would have lnproved overlap and provlded a nore

efflclent tracklng of year-classeer but thls was not

feasible becaqse of flnanclal constralnts, Howevêrr gtllnets
had a htgher catch rate / person-hour for adult atrd larger

¡uvenile bony brean than elther selnlng or electroflshlng,
and thls allowed nore Inter-catch processlng tlnre, Furf,lìËr,

thË f leet of gl I Inetl coqld þe operated loy one person - a
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crltlcal conslderatlon ln a progran relylng on voI'utrtary

pereontreL The varlatlon 1n glllnet lmnerslon tlmes and

enptying tlmes Ylas unavotdabler because catch rates varle.l

Éë greatly on a seasonal basts (Ftg. 3.13).

The 2n and lSrn setne nets provlded adequate sanpl lng of the

young-of -year f lsh (Flgs. 2.6, 2.7, 2.8) although no bony

brean were caught ln the 2n selne at ZL. The 130¡n selne

Êould orrly be used at P8, where there r{ae sultable ground,

but tt caught nearly aII slze-classes, and gave the best

data for the tracklng of age-classes and estl¡nates of

populatlon slze/age structure (Ftg. 2,9), Further, aB dn

actlve nethod of capturer sêlnlng provtded a check on the

actlvlty cotnponent tn the passlve glllnet captures, Howevêtsr

It was also labour-lntenelver and durlng wlnter, catches

were low. AII selnlng was conflned to the afternoon to

reduce varlatton dqe to dturnal cycles tn onshore-offshore

novenent. Electro-f tshlng nornally provtdes low-selectlvlty
catches, but teste ln wlnter gave negltgtble returnsr âIrd lt
was not consldered that the nethod could efflclently provlde

the slze of catchee neceesary for the purposes of the

project.
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CHAPTER 3: DIETRIBUTION, ABUNDANCE, POPUTAÎION STRUCTURE

AND MORTATITY

3. I SUMHARY

varlatlon ln catches of larval bony brean suggest that
Lake Alexandrlna 1s favoured for breedlng, A drop ltr
.-i'ì.tch/effort durlng wlnter may lndlcate a seasonal offshore

- onshore nlgratlon. The domtnance of Lake Alesandrlna by

F-rorly breanr 3r¡ggêsted by the lakes/coorong co¡nrnerclal

catches, ls supported þy sanpl lng data, Howevêtr the

rela.tlve abundance of the bony þrean ln the rlver channet ts

greatly underestlnrated by catches ln the reach flrtrery, The

aanplltrg data support evldence fron the f tshery catches for
the decllne ln relatlve abundance of other large freshwater

n,3.tlve epecles ln the lower Murray. The bony bream

population ls doninated by young-of-year ftsh wtth very hlgh

me-rrtal ity ratea, Adulta however have conÞÉratively Iow

nortal l t les,
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3.2 INTRODUCTION

In Chapter 1, the abundance of the bony bream throughout

Austral [a, and comnerclal catches ln the Iower Murray were

docurnented (Ftg, 1.3), HowevêFr the co¡nnerclal record ls not

a rellable gulde to the relattve abundance of bony breant ln

the lower Murray because both the lakes/Coorong and the

rlver reach are rnultl-specles flsherles ln whlch effort
rllrected at partlcular specles ls dlf f lcult to deterrnlne.

The declared catch ls partlcularly unreltable as an

ðbundance neasure because the nu¡nber of f lsh kept and

declared depends on the seasonal denand for crayflsh balt
(D, HaII, flsherles blologlst' South Australlan Department

of Flsherles, pers. co¡ntt. ). Catch/ef f ort f lgures f ro¡n

experlrnental'glII and setne nettlng are presented below;

these are a nore rellable gutde to the relattve abundance of

najor rpecleer and also provlde data on habltat preferencêer

seasonal behavlour, and populatlon structure of þo¡1y breant,

It was suggested ln Chapter I that specles whlch do not

synchronlze spawnlng and floodlng rlsk hlgh larval

nortalltles, The populatlon structure of bony breanr ln 1983

and 1985 ts descrtbed here to provlde evldence of larvalr

Juvenlle and adult nortallty rates.
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3.3 METHODS

The slte-p. and capture nìethods used are descrlbed ln Chapter

2. It was not practtcable ln the routlne eampllng progrån tÞ

welgh specles other than bony breant, The followlng abundance

est lmates are theref ore based on nu¡nbers of f lsh caught' ln

Êontrast to the f lsherles datar !{hlch are based on welght.

Thts enhances the proportlon of bony breant ln the santpllng

rla.t¡.r ¡inee thË lrony bre*rr p.)pula.tion haË Ð. Ï'Ël¡.tiveIy lower

nË,l¡ TL anri lengttr = w*ight firtio than ttre .)thÊr rlonnËrt=ia.l

åFÉcieE, Howev€rr the dlfferences ln relatlve abundance are

so substantlal that effects due to unlts nray be dls.loutrted,

3.4 RESUtTS

Throughout thls teEt, length nteasurenents are ln total

length (TL), but the convers lon equat ton to Iength at cau.lal

fork (LCF) for the lower Murray populatlon ls LCF = -1,406 +

0,84(TL) (r2 = O.gg7t rr=71¡ P(F-test)(O,OOl).

3,4,1. Inter-slte conparlsons of cätches of bony breanr

Irr thÊ lower Muruayr fiean Ëatch / ha.ul of l6nn seine¡ (i,c,

of Juventles) was not signific.-rntly dif'fet'ent üt thË L.rkË

Alexandrlna (Pg) and the rlver backwater (ZL> sltes (palred

sanple t-test of Iog-transformed data, Flg, 3.10), Howev€Fr

catch/effort of large nesh glllnets (1,e, of large adults)

28
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was s lgnt f tcantly htgher at PS (patred sanrple t-teet of log

= tranËforned data, P(0,01, FIg, 3,11). Mean catch of bony

bream larvae and snal I l uven I les per 2m se I ne hau I 1l¡ü$

negl lglble at ZL, but very hlgh at PS (Ftg' 3- 12) -

3.4.2. Seasonal changes ln catches of bony breant

A etrong decllne ln catch/effort for both gtll and l30m

selne nets durlng wlnter r{as nottced at the narglns of both

the rlver <ZL, and the lake (PS) (Flg' 3. l3) -

3.4.3. Spectes conposltlon of catches

Bony brean domtnated gtllnet catches at both ZL and PS

(Table 3,1, Ftgs. 3.14, 3.15), wtth carp about l/5 and

cðllop about Ll2O of the bony bream catch' Catches of sllver

perch and catf lsh rrere negllglb1e at ZL and zero at PS. No

Mumay cod were caught at aI l .

In the 1985 t3Om selne catches, äs ln the gtllnet catchesr

bony þrearrt r{ere agaln tnost abundant, Wlth carp agaln l/5 of

the bony brearr catch, but ¡uvenlle redf ln (PS¡çO,

fl¡¡.t1tlll¿) were second nost abundant' Prlnclpally because

of a partlcularly strong 1984 year -class (Flg' 3'15)'

In the l8n selne catchee, bony brean and smelt (Bgtf9,p.l¡ne.

Þs-tg.ul) had by far the greatest abundance ln catches at Pg
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and ZL. (Ftgs. 3.14, 3.15)'

In tlre tm bËir1Ë ËB.tehËÉ ;at Et HöËrluitÈf i¡li Íl¡-nlir¡-ai¡- ËltÈiÀi-a

1aere the nost nunerous speC tes r liut '3't PB I.1t'V'11 ;L¡1d ¡naI I

.iuvÉnite bcrnY Frrean were nost abundant (Flgs. 3.14, 3' 15) '

At PS tn Decenber 1983r IarvaI atrd post - Iarva'I btlllf bre;rnt

fron an early rpawnlng were the nost nunerous specles ln the

snal I f lsh populat tonr ae ts 1I Iust'rated þy the plot of Èn

Bnd 18rn selne catches (corrected f or area hauled: FIg'

3. t6), The ¡nean 1985 t30m setne catch at PS (corrected for

area hauled) 1s also shown.

Fron the pealcs ln lengt,h - frequencles and by conparlson

çlth scale agelng results (Flg. 4.24r, the 1984 (I+) and

1983 (II+) cohorts can be tdenttfted, Assurrtlng ttiË äl'Ë;1=

corrected lârge and small setne catches are cornparable, the

nrortal lty of the 1983 cohort over the f lret t¡ao l¡ËûFË tlf

I ife i¡ 99,99t, Aesutlrlng also that the 1984 cohort was of

s t¡rl lar s Ize to thàt tn 1983 - t 'e ' the larval pot)ulat ton af,

PB was slnllar tn 1984 and 1983 - then nortallty ln the

flrst year of tlfe was 99.9t' From the thlrd year of Ilfe

ofrr nortal lty renalns comparatlvely low unttl a Tt of at

Ieast 300mn. (The lmpresslon of Iow nortal lty ratËË lll'1y bË

êfirì.ggera.ted ln Éuch data by the overlap of the length-

classes of older f tsh as growth rates slow down) ' TtrrÞugfitrut'
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TABLE 3.1: KeY to lower River

Murray spectes.

bony brean

snelt

hardyhead

btg-headed gudgeon
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Ne¡oLoJ-e¡n 9.tr9.þt

B.ql.Eep.Luti, Es¡gil
@ÊJrg¡lland Q,-

@
Eb!¡pnadg.u" gËÀld,LcÊr¡ and l-

sÞ.

G¡l¡¡¡-l¡¿ DÃc'¡¡lÀE¡.ü.

Pseudoqoblus gl-A¡¡¡ü,

Pj.Ë,çÀ fluvlatllls

tEpe.rl-s.pbJ¡. r¿lürÀf.u¡L

P¡s-udôlbrltl¿ ¡¡¡IYILU-

G¡¡þ¡urtq o.f.il¡-t¡ belþrs.a!.L

H¡p¡e.ls-sHlr. kl unzlnserl

MgJ-ilgr.êgn,ta Eplsnsl,t3õ,

f Iuviatll ls

AfpJ¡S.Z caro i o

MEcqgörl.l ô.uþls¡¡.o,

Agrg¡¿Is.fl. agËÀLg¡L

ElSrs¡¡¿ þld¡¡n¡r,E

Tandanus f¿nSlgn¡¿

ÊêJ-tp. r.r.gILö.

BB

SM

HH

BHG

CG

BG

PF

8g

coN

MF

I.JCG

RF

connon galax las

blue-spot goby

redf ln

randy sprat

congoll I

nrosqulto f lsh

nestern carp gudgeon

cr [ ¡nson-spotted

ra lnbowf i sh

connon carp

cal I op

goldf I sh

sllver perch

catf I sh

brown trout

CAR

c

GF

SIP

CF

BT
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the year, the populatlon ls domlnated by young-of-the-year

(YOY) flshr a,s the sun of the year's selne catches

denonstrates (Fig. 3. l7).

3.5 DISCU9gION

The hlgher densltles of Iarvaer snalI Juvenlles and Iarge

adults at PS suggests that lentlc condlttons ntay be

prËfËrred for breedlng, and such condltlons perhaps support

euper I or growth rates ( see aI so 5 . 4) , LI oyd and l,lalker

( 1986) f ound J uven l Ie bony brea¡n ln aI I aquat tc habl tats of

the lower Murray, but dtd not conpare the lake and rlvÉr
envlronnents, D.A.Eg.?g.UÃ. sp, have been found to f lourlsh
part lcularly ln srarm turbld shal Iow lakes (tlester & tlensenr

1972)r and bony bream nay also (see Hutchlnsr 1977i

LIeweIIyn, 1983; Blshop ÊL ôI.' ln press). Howevêrr a nuch

larger range of sltes would have to be sarnpled to deflne

such a tendency.

A cleerease ln tenrperature - dependent actlvtty of bony breanr

durtng wlnter could be expected to reduce pasrlve gËar

(glIInet) catch rates, þut thls does not explaln the

parallel decl lne In se Ine catches. ,Juvenlle bony brean 1n

Coorrgle Laker oorth-eastern South Austral lar have been shown

to move between the lake shore and off¿hore watËrË otl R

eliurnal baels (Puckrldge & Drewlenr 1988), and these
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novements appear to foI Iow thermal gradtents (Puckrlrlger

utrpub, data) , A w lnter f al I ln shal l ow water catches has

been observed wtth Anerlcan Dg.Eg-Êq¡¡. specles ln Florlds.

(Moody, 1957>, and the sane specles ln cool tenìperate

habltats are known to over-r{lnter offshore (Madden' l95l;
PahI & 9JtIlfahrt, 1962ì Jester & Jensen, 1972>. Such

behaviour in lower Murray bony brean would account for the

eeaaonallty of catchee. The conmerclal catch data gtve

IittIe infornatlon on thls matter, slnce effort ls not

accurately calculable for the reasons glven above (3.2). A

seasonal program of cornparatlve of f shore and onghore

sanpllng, uslng trawls and echosoundlng, would provlde

nelevant data.

The donlnatlon of catches by bony brea¡n and the low ytelds

of other freshwater natlve specles reflects the pattern ln

the lakes/Coorong cornnerclal catches closely (Ftg. 3,18).

It appears that the latter, despite the lack of comectlon

for effortr Feflect the real abundances of these specles

in Lake Alexandrlna. However, the commerclal reach catches

of bony brean greatly underestlmate the abundance of the

specles ln the rlver channel and backwaters, and conflrn
that reach flshernen are dlrectlng thelr effort toward other

specles. Relatlve catches of carp are conslderably lower

than the conrnerclal catches' but sone proportlon of thls
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dtscrepancy nust be due to the greater weight per lndlvldual

carp, OveralIr the bony breant 1s clearly flourlshlng under

rlver regulatlon' and the IoeJ catches of other large

natlve specles suggest that thelr decllne tn commerclal

catches reflects real decllnes ln abundðnce,

The firatchlng abundance of smelt and luvenlle bony brearn ln

both the rlver and the lake reflects flndlngs [n the Cooper

systen (Puckrtdge & Drewlen' 1988)' and means that bony

bream J uven t les nay f ace compet I t lon f ro¡n another abundantr

nektonlc zooplankt lvore .

A ¡nortal i ty curve cannot conf ldentl y be der I ved f ron the

area-corrected selnes catchesr slnce the dlfferent gears

are not strlctly comparable, It ls poeelbler f or exaÍlplÊr

that larvae r{ere concentrated closer to shore, where 2rn

se Ine hauls r.rere taken, AIso, larger f lsh nay be les¡

åusceFrtlble to capture, even ln the l3onr selner than are

larvae ln the 2n selne. But even wlth a 100-fold reductlon

ln Iarval catches, the pattern of extrene early nortalltles
would renaln. Thls pattern Is slnllar to that for A.-

ÊÊ.pÊ{LA[¡¡J¡' where rrrortallty of young-of-year nay exceed 99t

(BodoIa, 1966; Houser & Bryant, t967; Jenklns, 1974r. Such

hlgh early nortalltles suggest that the specles nay be

relylng more on the nragnltude of reproductlve output thån on
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the reductlon of mortal ltles by f lne-tunlng of ttrË =¡rawnltrg
ËyclË to hydrologlcal cues, If thls ls the case, the lower

Murray populatton should þe characterlsed by early naturlty'
hlgh fecundlty and plolonged lteroparity,

Low nortallttes ln older flsh are to be expected ln a flsh
wlth a broad trophtc base (see Ch, l), and large adults nay

also be less susceptible to predatlon, as is the case for Qo

ceneellanum (Fagan & Fltzpatrlckr 1978).such a broodstock

should glve resilience to the populationr allowlng lt to

survlve Iong lntervals of recrultment fallure occasloned for
exanple by protracted droughts.
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CHAPTER 4: AGE, GROWTH AND CONDITION

4.1 SUMMARY

Bony bream ln the lower Murray show seasonáI cycles of

condlt lon that suggest a wlnter fast, The cycles afÈ filore

pronounced ln srraller flsh. Larger flsh show falls ln

condttlon ässoclated wlth spawnlng, Growth ln young flsh

¡lows rlver wlnter and renewed growth beco¡nes apparent ln

October, Scale - agetng ls valtd to age III+, but beyond

thIs nray underestlrnate true age, Fenales IIve Ionger and

grow larger than nrales. In conparlson wtth other glzzard

shadsr the bony breanr ls large and long-llved. Longevlty nay

contribute to the abundance of the bony bream ln a vartety

of envlron[rentsr and ln the lower Murray ln partlcular.
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4.2 INTRODUCTION

AÈra.rt fronr their lntr1nelc 1rltereBt, patterns of growthr

age lng and condltton are centräI to I lfe-ht¡tory¡ .1[tl r1FË

nrilJ or deternr lnants of the ecol og lcal roles of spec les, I n

accounting for bony brearn abundance, a knowledge of the

length of reproductlve llfe, and partlcularly of the

relation bet¡veen f irst naturity and âgê, is essentlal. For

nanagetnent of the f lshery lt ls necessary to knowr for

example, the mean ages of recrultment and naturlty. In

regard to the use of bony bream as a forage specles, growth

rate wiII deternlne bionass avallable to predators¡ and

condltlon cycles may be used as lndicators of stress.

There have been no prior studies devoted to age and growth

in the bony brea¡n' but sone lncldental data are available.

Cadwallader <1977) esti¡nated lengths at age ln the nlddle

Murray from length frequency analysis, and Bishop et gI.
(in press) provlde data on seasonal condltlon ln the MageIa

Creek, Northern Terrltory. Estlnates have been nade of

growth in the f irst year and ¡nax lnum s lze f or populat lons ln

north-western and south-eastern Austral la respectively
(Allen, 1982; Cadwallader & Backhouse, 1983). HowevêFr no

valldated age-growth curve 1s avallable for bony bream fro¡n

any part of Austral ia.
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[.Jtth respect to other glzzard shads, there Is fragmentary

inforrnation on the subtropical congeners $=- q.S- and I
qgJIIS, and on the wldespread Angdg.Llg-¿t9.üê, çbEg.U.OSl¡. (Thomsonr

1957; Rao' 1965; Parlrnala & Ra¡nalyan, 1980), However'

thorough studies have been nade of äg€, growth and condltlon

ln an estuarlne congener, N- yl.3Jû.I¡ghl, ln 9ùestern Austral ia

(Chubb & Potter, 1986), Dg¡.C¡.9.U.ê. sp. ln North Anerlca

(BodoIa, 1966i Bryant & Hauser' 1968i ,Jester & Jensen, 1972>

and KgngÊl-trU.Ë. Þunctatus In .Iapan ( Tak t ta, 1978 ) . General l y r

glzzard shads ln tentperate waters are of rnoderate slze and

Iongevlty, with rapld early growth and pronounced seasonal

cycles ln condltlon (llester & Jensen, 1972i TakIta, l97Bî

Par I ¡nala & Rana l yan, 1980t Chubb & Potterr 1986 ) .

Fro¡n the success of the bony brean under a wlde varlety of

hydrologlcal' reglnes' and partlcularly under reglmes subJËct

to prolonged and unpredlctable flood fallur€r lt rrrlght be

expected that the spectes would be capable of both prolonÐÊd

lteroparlty and rapld early grordth, Fron the posltlon of

tttË lower Murray at thË ËouthËrrl ËHf,rËfrË öf thË lrrilry þrean

range (Flg. L,2r, and from reporte of bony brea¡n wlnter

mortal ltles (see 6.5), lt rnlght þe expected that frlntÉr

cold Btress wot¡ld produce a strong seasonal cycle ln
condltlon, Accordtnglyr thls chapter Êxanlnes bony bre;rn

patterns of gro$rthr dgslng and condltlon ln the lower
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Murray, tests the foregolng hypotheses, and relates thÉ

or¡tcones to the ecologlcal role of the specles ln the lower

Murray and throughout lts range,

4.3 METHODS

Flsh were collected at ZL and PS over 1983-1986 ustng the

nethods descrlbed above (2,l). Mean condltlon per nrorltlr of

flsh ln glll-net catches through 1983-1984 was ptorred for
dlfferent slze-classes and for nales and females at, PB and

7,L. Dlf ferences between overall neans and varlances for
nales and females and for ZL and PS were tested ( palred-

sanplen t-test and F-test) for untransfor¡ned and log-

transformed data. Untransforned and Iog - transforned

welght-Iength relatlons were derlved for ¡nales and fenales

over all seasons from 1983 to 1985 at ZL, and the slopee

compared (d-statlst lc) .

The length-frequency dlstrlbutlon of the sanple chosen for
agelng corresponded to the dlstrtbutlon ln the l30n selne

catchr trhtchr on the þasls of the frequency dlstrlbuttons of

catchesr rùäs the Ieast s Ize-select lve rnethod used (see Flgs

2.5t 2,8). Slnce scale sarnples rdere taken throughout the

year, the sanple of f lsh f or age lng r{as so selected that the

Iength dlstrlbutlon of the flsh chosen for agelng was

natched to the Iength dlstrlbutlon for the annual catch,
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Scales were stored In paper envelopes, eKanlned under a

dlssectlng nlcroscope at 40xr and unless blown (1.e.

replacement scales) r{ere taped between nlcroscope sI ldes.

The nunþer of annual growth checks (true annul I ) vlere

counted on 8-LZ unblown scales per flshr ðnd the dlstance

fireaÊured from the f ocus to the anterlor rnargln of the

annulus ln mtcroneter unlts. True annull were dtstlngutshed

by the followlng:

a. Annulus contlnuous ln þoth flelds,

b. CIrcuIt nore closely spaced posterlor to the annulus

than anteriorly.

c, ClrcuI I lrregular at annulus and/or clrcul I cuttlng
over at annulus.

e, More than 50 4 of scales show the annulus

cIearl y.

f . A1t annuI l of conrparable dlstlnctness.
FaIse (sub-annual) annul I falled to futfÍI one or nore of

these criteria.

A regresslon of scale length (SL = focus to anterlor edge)

aga inst total length ( TL) eras f I tted to data f or each 3ÊE r

and tlr€ EIopes conpared (d-statlsttc), The $L-TL regresslons

were used to correct TL at each annulus for each flshr ttre

ñËÐ.r1 TL at the laet annulus was calculated and compared to

back-calculated we Ighted means, the age-Iength curves were
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plotted and polynornlal and e¡(ponent Ial curves f ltted. The

EloÞËs of Iog-transforfted IûaIe and fenrale age length

regresslons were compared (d-statlsttc). A Von Bertalanffy

growth curve tras fltted to the data for each sex by the

nethod of RafaII (1973).

4.4 RESULTS

4.4.1 Condition

Slnce gonad welght ls deducted fron body welght ln the

calculatlon of condttion factor tCF = l05(body wetght-gonad

welght)/(total length)31, thls factor acts as an tndex of

fatness exclusive of the state of the reproductlve organg.

At ZLr shrãller bony þream (100<TL(200 mm) show a dlstlnct

seasonal cyole, wlth a loçr in late wlnter - early sprlng and

nraxlnrun ln sunmer autumn (Flg. 4.19>. In f lsh of TL 200-

3O0 fihr a sl¡nllar but less marked cycle occurg. Howev€Fr

ftsh of TL)3OOrn¡n show a dlfferent pattern' wtth a short peak

in early spring, a steep fall durtng spawnlng in Novenber-

Decerrberr and a rlse over late surriner autumn.

Over alI nonths, vartabtl lty ln ntean condltton of the

Iargest stze-group ls less than for srnaller flsh (F-ratio'

n1=n2=16, P(O.01). At ZL, there Is no signlf lcant dlf ference

(palred samples t-test) 1n log-transforned Ílean nonthly
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condItion between the sexes for aIl slze-classes together

(Flg, 4,20), Males do have a slgntf lcantty htgher

vartabll tty ln untransformed mean condttlon than fe¡naIes on

a monthly basls (F-ratlor D1=n2=16r P<0,05). The Iog (x+1)-

transformed ntean condltlon of larger flsh (TL>3OOmn) at PS

and ZL ts ldent lcal (Fig. 4.21> , but the varlance of

ÊÈìnditiorl 1¡ htgher at ZL than at PB (F-ratlor rrl=511,

n2=340r P(0'001 ) '

4, 4, 2, Lenqth-sre lqht relatl onshlo

The slopes of the loglgwelght - Ioglgtotal Iength relatlons

f or males and fenrales for aII ¡nonths conbtned ( 1983 - 85)

are not slgnlflcantly dlfferent (d statlsttc). Data for both

sexes co¡nblned gave the followlng relatlonshlp:
logtq body we lght (Sl) = -5,290 + 3, 104 loglq Tt
(F-test r rI= t524, P(O, OO 1 ) .

4.4.3. Agg. e¡d. gIg-E¡C.

Bony brea¡n have large readlly shed cyclold scales, wtth

weI I-narked annul [. False annul I occur' part lcularly loethreen

the flrst and second true annull, but they dlffer fron true

annul l' chtef Iy tn f or¡nlng an lnconplete and less dtst lnct

mË.rkr B.nd ln belng absent on nìore than 50t of scales, The

flrst annulus ls often less dlstlnct' þut provlcled lt r{aÈ
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unbroken tn both the anter I or and poster lor f te lds r 1t !{¡r,9

accepted ð3 a true annulus, Occaslonal deep scorlng also

occurs, and was not accepted as a year-nrark' Blown or

rÈgrown Bcalee have a large area around the focus elther

transparent and srnooth or wlth a cross-hatched effect, These

lnvalldated sone samÞles, partlcularly ln older flsh.

The plot of nrean ecale length beyond the last annulus shows

il clear annual cycle ln I+ and II+ flshr ttlth the new

annulus appeartng In October-Noventber (Flg. 4.22r. Growth

beyond thls annulus ls raptd through suÍrlnerr ard decl lnes 1n

wlnter, nlth evldence of growth cessatlon and even scale

resorptlon ln ilune-.Iuly. The pattern for III+ flsh Is

slmtlarr but the pertod of annulus formatlon [s less clearly

narkËd, Nevertheless the annqlus ls a val ld year-mark for

ftsh to age.III+. Because annulus forntatlon takes place ln

Octoberr and spawnlng ln Decenber-rlanudrlr there ls a

dtscrepancy between length at annulus and length at agé.

Beyond III+, there ls no clear annual pattern of growth and

renewal of the post-annulus scale (Ftg' 4'23).

The scale length (SL) vs total length (Tt) regresslons are

htghty slgnlftcant for both 3e¡(ee (F-teet' n(females)=208r

P(0.001t n(nales)=2Q3, P(0,001) and the slopes of these

regreselons are slgnlftcantly dlfferent (d statlstlcr
P)0,001), The flnal plots of total length at age (corrected
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f ro¡n the respect l ve male and f enale TL-SL regress I ons ) g I ve

åÊEyrrrÞtotlc curve$ (Ftg. 4.24r. Fentale growth 1s rapld and

alnost Ilnear from I+ to V*, then slows abruptly' Male

growth ls sl¡nllar to IV+, decl lnes ln year V*, then levels

out. Growth contlnues beyond age VII+, but ean¡rIe nunbËrå

are too low to prov lde rel lable est I rnates of rates,

Length - frequency plots of notrthly glllnet c$tchëË üt ZL

for 19ð3=84 do not Ehörl a.llËÉr ÞrÞgr€E=lon of l]Êf,kg whlctt

could be ldenttf ted as age-classes (Ftg. 4'25) ' Howevët'r Ðll

the length frequency plots of 130n selne hauls for 1985-

86 (Ftg. 4.26) the growth of O+ and I+ f lstr nay be tracetl as

a progresslon of peaks. The October nean lengths of these

age-classee <7O nn ðt Otr 160 nm at I+) approxlnate to thË

lengthr at annulus fornratlon (ln October) derlved from scale

analysls (length at annulus I = 8l ütlrir at II = l48 nm) '
3lnce only the flrst three annull have been conflrmed as

year-¡narksr and only the f lrst two years' growth checkecl by

length-frequency analyslsr the rest of each curve ls

provlslonaL HowevêFr wetghted nean þack-calculated total

lengths at each annulus (Table 4.2> approxlrnate to dlrectly
observed lengths at aIl ages el(cept II '

For both EÊr{€Er the best ftt, to the age-Tl data ls provlded

by quadrat lc equat lons; f or f e¡nales TL = -44,9 + 123 ' 3A
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B,7Aâ (rz = 0,98r rì=7r P(F-test)(0,001), and for malee TL =

:44,3 + lä3,64 = !,64Ê ft,Z = 0,99 t ït=7 r P(F-teEt)(0,001),

FIr.tÉct V,rn Bertalsnffy t:urvea '1r'Ë highly triönifir:ant (nalear

ï=7 t P(Cht-square)(0,001; fenalesr rr=7 ¡ P(Cht-square)<0,005)

(Table 4.3), The parameters K and Lnax are 0,44 and 369,5nn

for nales and 0,I I and 745.9 for fernales. Actual naxl¡nun

ages and lengths observed (but not tncluded ln the age-

Iength curve) were l0 yeare and 480nn for fernales and I
yeärs and 405 nrm f or males. Overal I r fenale ïlean lengttrs at

a.ãË r1rÊ tlgnlflcantly hlgher than nale (palred sanples t-
test, P(0,05) ' but a contparlson of the slopes of the nalË

and fenale llnear log-1og regresslons shows no slgntflcant
di fference (d-stat lst lc) .
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TABLE 4.22 Mean back-calculated total Iengths at each scale

annul us.

AGE N MEAN BAI)I{=I]ALI]IJLATED TL (NNI} AT ANNLILL¡B

1234567
FEMATES

172

249
322

48

54

67
73

I.¡EIGHTED
HEANS

MALES

I 8l

242
323
45
56
63

HEIGHTED
MEANS

81 .7

78.5

83, 9

98.2

1 18,7

88. 1

93,9

80.2

79.2

84.9

98.8

95,9

83. 4

t47.3

175,6

191.1

196,9

166 .8

186,9

148. 4

175.6

r92.9

170. 5

153.6

244.6

269.5

269. t

240.0

264. I

309. 2

315,3

295. 4

314.5

372.O

335.9

337,8

369.9

360,4 388.8

83,2 162,6 252.0 306.6 346.6 367.1 388.8

236.7

268. O

24t.8

220. L

302, 6

293,0

270.8

344. O

313. t 347.5

81.8 l6l.0 240.4 291,7 333,7 347.5
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TABLE 4.3: Ftt of total lengths at age predtcted by the Von

Bertalanffy curvee to the Iengths at age observed.

SEX AGE OB3. TL ENP. TL

HALE I 80.2 51.7

2 148.4 164.4

' 3 236.7 237 .2

4 302.6 284. I

5 344,0 314.4

6 347 .5 334. O

7 349,0 346.6

Lt = 37Ot l-e <- .44( r- .56 ) ) I' P(Ch1-squared)(0.001

FEMALE I

2

3

4

5

6

7

8L .7

147.3

244.6

309,2

372.O

369.9

388.8

(-.11(r-.38))

105.2

t7r.9

23t.6

285. 1

333. r

376. O

414.5

Lt = 746t\-e P( Ch I -square ) <O . OO5
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4.5 DISCUSSION

4,5.1, C^eng.&les

TFre pronounced seasonal cycle ln condttlon of young bony

brearn euggests ä w lnter f ast, probabl y ln response to low

tËnÞÈråtur'ËÉ, In thÊ Magela Creekr Northern Territoryr

condlt ton peaks ln late wet-early dry af ter the perlod crf

naxlrrtun feedlng whlch follows floodlngr and falIs ln the

Iate dry (Blshop ÊL OI., [n press) ' Thts cycle ls governed

tnorÉ by hydrologlcal than thernal changes' I+ N.- J¿.}¡.U,I¡ghI

and O+ - III+ A.- CS.Efd,Lül¡.!û. show a pattern slnllar to tlrat

of young bony þreant ln the lower Murray (Plerce' 9f lsslng'

ilakorsk l, Glvens & Megrey, 1980i Chubb & Potterr 1986) ' Low

wlnter tenperatures rnay be stressful to bony breanr ð3

dlsease lnctdence typlcally peaks tn August/Septenberr after

thë rluly temperature mlnlmum (see 6,4), and Dg¡g¡g.U¡,

pqlgl¡gl¡.Eg. ts suþJect to cold etrese at conparable wlnter

tËntperaturËÉ (Grlfflth, 1978), The absence of a pronounced

late wlnter low [n condltlon of large bony brearr rnay þË

related to the greater netabollc efflclency of larger shad

(Pterce, ['llsslng * Megreyr l98l ) and the lr superlor

tolËrance of cold (Adarrrs' McLean & Huf fntan' 1982)' The

presence of a low tn condltlon of larger bony brean during

apo.wnlng rrray be due to the greater dernands reproductlve

output nakes upon thts stze-class (see 5,4), The occurrencë
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of greater stresses tn nature nales than ln femaleg ls

ÉuggÉ.-.ted by greater varlabll lty ln condttlon evldent ln

¡naIe f tshr the reduced ltrclqìetrt:e of nf,IËË ltr tlre Iarget'

size-claeses (see 5,4) ' and hlgher nortal lty In older ¡nales

(see below). Prolonged spawntng by rnales (see 5 ' 4) r fttr1[r

account for hlgher nale stress leveIs.

4.5 .2. Ase- en4 gxe.E.Lb.

The tdenttty of the length-welght relatlons for the sexes

suggests that the preponderance of fenales ln the larger

length-classes 1s not due to a sexual dlfference ln body

shape of older f lsh. The length - welght relatlon for loony

brean ln the lower Murray may be conpared wlth the equatlon

loglç 9,1 = -1.92 + 3.12 loglq LCF for bony brean [n the

Magela Creek (Blshop gf, AI, ln press, ), ¡rhlch gtves a

slnllar elope but a dlfferent lntercept (because tCF ls used

lnstead of Tt). The equatton loglç t'f = -5'l + 3'041o919 TL

for D,- Cg.pg$¡-ð¡l¡.U, (,Jester & *Iensen, 19721 ls very cloae ln

both lntercept and sloper õ.nd denronstrates the unlfor¡ntty of

glzzard shad body shape.

A clearly narked perlod of annulus fornatlon ln older bony

brean nay be absent elther because lncreased reproductlve

stress prolongs annulus fornatlon (see 5.4)r oF because the

growth lncremente are snalI and reeorptlon at the scale eclge
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ls constderable. Annulus formatton ln older flsh nay only

occur in seaeons of exceptlonal growth, It seens llkely
that scale agelng underestlnates true age for older bony

Frfêãfirr but a larger sanrple and callbratlon agalnst another

age lng techn lque are needed to conf lrnr th I s . t Dr ,John Harr le

(N,S.t4. State Flsherles) has undertaken to provlde estlnates

of age fronr pectoral ftn-splne sectlons to compare wlüh the

scale - agee presented here. I

The slgnlflcant dlfference ln the slopes of the ¡nale and

fenale body length scale length regresslons ls unusual and

dtfflcult to explaln ln a specles where serual dlnorphlsn ls
otherwlËe sl tght (see 5.4) , It rnay be an art lf act of the

Iarge numbers lnvolved ln the regresslone, The steeÞ slope

of the early grordth curve nray reflect a need to outgrow

predators, as for D.- Cgpg$.lru¡¡¡, (Fagan a Fltzpatrlckr
197ð)r or to naxlnlze efflclencles of slze (Beltlngerr

Tho¡nrnes & Splgarelll, L977i Plerce¡ 19771,

Although there ls no overall dlfference ln male and

female growth rätesr females appear to both Ilve longer and

to contlnue growth longer than ¡nales, Thls ls ref lected ln
the dlfference ln Von Bertalanffy paraneters for nale and

fenale bony brearr, The values of these paratneters may be

conpared w I th K = Q.l7 and Lmax = 381 rnn f or [* !.Lå¡.I¡ghl,
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þoth ser(es contb lned (Chubb & Potter' 1986) ' MaIe bony brean

B.FÞËåP trl rea.ch mð.¡E lnun s lze f aster' fernales slower than

thls cogener. MaIe and fetnale bL yl¡¡.I¡gbl. show no

Ë igrl i f ica.nt rli f f er"enee in nË;1n lengthe åt age or ln the

slopes of the scale radlus - total length regresslons' There

ls also rro dlfference ln the slopes of the growth curves of

males and females of D- pgIgDÊ¡Eg.' þut ntales have a hlghet'

nortal lty rate (Bryant & Houser, 1968i ilohnsonr 1970), In
western Lake Erle, fentale A* gÊ.pg$þLg.!û. grow faster but

there ls no evldence of dlfferentlal mortallty (Bodolar

1966).

The lengths at ðgÊ, rraxlmun lengths and ¡naxlÍtun agee derlved

in this study may be conpared wtt'h those suggested for bony

brean ln the nlddle Huruay (Cadwallader, 1977 ) and ln the

Magela Creek (Blshop e¿ åI., ln press), and wtth data fron

other dorosorratlds (Table 4.4r. . The preeent study tn the

Iower Murray glves a slower overall growth rate and greater

longevlty for bony breanr than do elther Cadt¡allader <1977>

for the mtddle Murray or Blshop Ê1" âI' ([n press) for the

Hagela Creek, The Perth herrlng has nore raptd early growth

than the bony brea¡n, but gro$ts more slowly after age IL
Both Q* oetenense and Kg.Ug.fl.l¡¡¡¡. pl¡¡qf.ôlÊl¡.g. appear to be

shorter-l tved specles. HowevsFr the great varlatlon ltr
growth rate of D.- CS¡f,$t¡nU.ü, fron dlfferent parts of the
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United States I I lustrates how Iabl Ie dorosontat ld growttr

rÉ.tes tray þe, Bony þrearr ln the present study were f ound to

be as long-Itved and to gron nearly ae large as the largest't

firf-¡Ët long t lve,t populatl0n of D- q9.p9lll'g!,¡u.' Low adult

nrortal lty ts also suggested by the s lze - structurÈ of tl:e

bony brearn populatlon (see 3.4).

It was argued earlter (1.4) that the abundance of the bony

lirea.n in tFrÉ rÉgulated lower Murray (where catches of other

nat lve spectes have decl lned) r ls nore I lkely to Lre due ttl ;1

pçrtËnt1ilI for rapld populatlon lncrease than to Iongev1ty.

Certatnly the nattve spectes for whlch catchee have decllned

tìtost drastlcally Murray cod and catf lsh - are also long-

Itved (Davlsr t977; Cadwallader a Backhoreêr 1983)- However

the reg l I lence prov tded þy a long-l lved broodstock ntôf r ln

the case of .the bony brean, supplelûent a hlgh potentlal for

increa.se r ÞÐ.Ft lcularly where an unf avoqrable hydrologlcal

reglne causes repeated recru ttnent fallure (t'lalkerr 1983¡

Cadwallader, 1986i Plerce & Walkerr eubn')'
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TABTE 4.4t Lengths at ägê, na¡{lnìum lengths and marlmun

ages of nemþers of the Dorosomatlnae compared

wtth the results of the present study,

gEX MEAN LENGTHS AT ANNUtU3 (TL/SL)

I II III IV V VI VII VIII
MAX MAX
AGE S|ZE
AMAX tMAX }JMAX

A.- Cg-pgg|¡[gü. (,.Iester & .Iensen,

M+F 94 l5l 183 219 254

p- ceoedianum (BodoIa' 1966),

ll l4l 273 313 343 349

F 140 285 335 364 386

Qr oetenense (Bryant & Houser,

M 62 Lt7 123 LAt

F 66 118 134

[r ounctatus (Takltar 1978a)'

M+F I 48 189 zLQ

N.- yl¡¡j¡gbl (Chubb & Potter,

H+F 90 t62 t72 200 2t8

[* erebl (Cadwallader, 1977),

tt+F 67 173 245 340 387

[- erebi (present study)r TL

H 80 148 237 303 344

F 82 r47 245 309 372

1972' MlIler,
273 291 324

st

1968), TL

st

1986), Tt

271 31 1

Tt

286

1960), TL

l0 521

361 555

470 2000

348

370

349

389

388

437

8+

lO+

405 57 4

480 953
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CHAPTER 5: REPRODUCTIVE BIOLOGY

5. I SUMMARY

The repl*aductive lrlology of the bony brearr resenbles'that of

other glzzard shads, The l>otry bre,rn n.iturÉË út å netliåtl ,1ËÉ

Êf' t=3 yÊã.t"Er ÊpawrlË in DeeenFrËF=Januapy at ïratêr

tenperatures of 3,1-23oC and ls htghly fecund, Spawnlng does

not appear to be dependenc on floodlng, Reproductlve effort
lncreases wlth slze, The ova and larvae are srûall, the

yolk-sac stage ls brlef and developrrent ls typlcal of

e Iupe idr except f or the f ln-ray sequence, Sexual dlrnorphlsrn

does not occur, but fenales predonlnate ln the largest slze-

clarses, The Buccess of the bony brearn appears to be due to

an exceptlonal capaclty for populatton recovery rathËr than

to eynchronleatlon of the spawnlng cycle and floodlng.
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5.2 INTRODUCTION

A paper based on thts chapter has been subnltted for
publlcatlon In the Australlan Journal of Martne and

Freshwater Research (Puckrldge & çJalker, subn., Appendtx

II).

In chapter I lt ls argued that the characterlstlc abundance

of the bony brea¡nr and lts succese ln the lower Rtver

Hurrayr lndlcate elther an exceptlonal reproductlve output,

or close synchrony of epawnlng and the flood cycle, Thls

chapter exanlnes these features of bony brearr ltfe htstory,

There have þeen no naJor studles of reproductlon ln the botry

bream, Most lnformatlon ls anecdotalr 1n general terte and

revlews. Cadwallader (1977 ) provldes estlnatee of the agè ðt
flrst naturlty of the bony brea¡n tn the rntddle reaches of

the Hurray, and Lake <1967) glves anecdotal tnfornatlon on

the breedlng eeason, the slze of ova, approrlnate fecundlty,
probable slze and age at nraturlty and sexual dlnorphlsn of

the specles ln the Murray-Darllng system. Llewellyn (1993),

referrlng to the New South [,laIes Murray-Darl lng populatlotrËr

adds anecdotal notes on rrraxlnru¡n slze and wetght, breedtng

sltes and ovun buoyancy. McDowaII (1980) and Cadwallader t
B+ckhouse (1983) provtde stnllar notes for the upper and

55



CHAPTER 5 Page 56

nlddle Murray populattons, A co¡nnrent on Frreedltrg Éeð.Fotr l-F

Þrtlvifled fer the Iower Mrrr-ra.y FoÞulatlone by Scottr Glover &

Southcott ( 1980), Ho¡revêtsr tw.) comnunlty ¿tuclle¡r t'u*kriclgr

& Drewien (1988) and Blshop Êl¿ ôI. (ln press) constlrute rhe

only prlrnary research, Blshop Ê¡¡ ôI, provlde prel inrinary

lnf ornat I on on f ecund 1ty, and nìore extens I ve data on

maturltyr reproductlon and condltlon ln relatlon to

hyrlrologlcal and seasonal cyclesr seN rat los and spawnlng

sltes of bony brea¡n ln Magela Creekr troplcal northËt'rl

Auatra.lla, Puckrtdge & Drewlen (1988) provtde data on

reproduct tve cycles ln relat lon to season and trytfroltrgy f ronr

the North-west Branch of cooper creek, central Austral la.
These t¡ro studles allow ä conparlson of reproductlvÈ

patternã.fron one of the nost predlctable and one of the

most unpredlctable hydrologlcal cycles ln Austral ls.,

Howevêrr nelther wae lntended to þe a deflnttlve srudy of

bony brear¡ reproductlve blology, The work of Blslio¡r Ë.L ÉL
ia baaed on a per Ëeagon earrrpllng frequencyr and puckrldge &

Drewlen based thelr accounts of reproductlvË cycle= ötl

catches of larvae and runntng rtpe flsh, There ls no

publ tshed account of the relatlonshlps between sbze or ð.gË

and fecundlty, slze or age and ¡naturltyr or of egg and

IarvaI developrrent, tlhat prlnary research ls aval labIe rltleg

not refer to the populatlons of the lower Rtver Muruay.
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Several other glzzard shads have been thoroughly -studted,

There are comparatlve data on ovun developnentr fecundlty

and spawnlng novenents of the estuarlne Perth herrlng¡ N*

yJ.Êü.bgbf, ln $ùestern Austral la (Chubb & Potterr 1984), Ovunr

and larval characters are descrtbed ln detal I f or* ühe Indlo.n

Aggdg¡L¡¡¡.tg.U¡. ç.¡¡g¡U,fl¡" (Thangarala & Ra¡narnoortht, 1980),

and there are nunrerous reports on the btology of rlapanese

and North Anterlcan glzzard shads (e,9. Kl Ianrbl & BagI ln,

1969a, 1969b; tfohnsonr 197 t; Jester & .fensen, l9:12; Tak lta,
1978a' 1978b; Klm & Lee' 1984),

In thts chapter gonadal cycles, spawnlng sltesr eeH ratlor
egg and Iarval developnentr fecundlty, reproductlve effort
and age/Iength-naturlty relattonshtps are exanlned for bony

brean [n the lower Rlver Murray, Conparlsons are also made

wlth data for other glzzard shads to ldentlfy the partlcular
attrlþutes of bony brea¡nr ôrrd wtth data for other natlve

spectes to elucldate reasone for the compàratlve abundance

of bony brean ln the regulated Murray envlronment.

5.3 METHODS

5.3.1. Samoltna

Sanpl lng sltes and general rrrethods are descrlbed ln Chapter

2
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5.3.2. Reoroductlon

Gonads were staged (vlrglnr maturlng vlrgln, recoverlngr

spent/developtng, nature rlpe and spent) accordlng to

colourr slzer texture a.nd shape (nodtfled fro¡n poltard,

1972>, t,he stàges were also val ldated aga lnst Gonado-somat lc
Index (GSI) and Ovunr-Dla¡neter Frequency (ODF) cycles.

ovun dlanetere were determlned from naterlal preserved ln
Gllson's FIutd, About 200 ova were rneasured for etght
randornly selected fernales each ¡nonth for one year. The ova

I{ere freed by ehaklng¡ dlluted ln suspenslon to lI, rernlxed

and a lo nl subsanple taken for vlewlng wtth a Lettz Dlavert

conrpound nlcroscope fltted wlth a vldeo canera a.nd nonltor,
Ova were neasured (Iargest d1õneter) wlttr eler:tr:onig

ealipËpË recorcling f'rom thÊ nonitor ËsrËÊn to an 0=þorne I

¡nlcroconputer vla an ArIec MPF-l nrlcroprocessor',

Þ*¡*Ê.. Snawnlnq Êüd. Iarval develoonent

Monthly between Novenber 1985 and February 19a6, and agatn

ln Aprll 1986, ten 3-rntnute surface hauls of the lchthyo-
planlcton trawl rÍere nade at 3-4 kn h-l tn ¡nld-afternoon on

consecutlve days at the four samplIng sltes, sarnples were

flxed ln t0t buffered fornalln for thro weeks thètr preserved
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in 7OZ ethanol. Later the larvae r{ere ln¡nersed ln

glyceritrer nteasured and drawn under polarlsed I tght. In

this way a serles of speclmens was developed (fron enbryos

to readlly ldentlflable Juvenlles), whlch facll ltated

tdentlflcatton of the earl ler stàges,

5. 3. 4. Fecund t tv

The ïrature ovarlee of 27 f lsh (c, 4 f lsh per 50nnr slze-

interval from t50mn upward) captured between Iate 0ctober

and early December 1983-85 rrere preserved ln Gllson's FIuld.

Fecundlty was deter¡nlned by the volunetrlc nethod (Masotrr

Beanlsh & ì{cFarlð,nêr 1983). Ova of )250 urn diameter were

counted as ODF analysls showed that only these r{ere I lkely
to be spawned ln the current season, Subsanples were

repeated unttl the 954 conf ldence lntervals for the nrean

were <10e of the mean.

5.'-3,.Þ,, Agg- a.od, ls¡sf.b, gÊ. t¡f.$r-LtL

The sexual naturlty of flsh was assessed fron gonad

appearance and nean GSI (calculated nonthly for each ee¡( and

EizÉ=elaoalr and yalida[Êel by ODF analyain, Eecorda øf lo6

rnean GBI per nronttr r{Ére con¿rarerl for fenalea }SÖt) nn Tt frtln
FB anrl ZLr uslng f Ieh eelected frorrr the October-Decenber

catches when the dtstlnctlon þetsreen naturtty and lnrnðturlIy
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was clearest. Age determlnat Ions Í{ere based on scale

readlngs supported þy length-frequency analysls (see 4.4>.

The frequency dtstrtbutlons of stze-classes of flsh us+d

trere þased on those of the 130 n selne catches for thls

perlod, þecause these nost closely approaËhëd ü Påtrdoilr

sarnple, The age ve percent maturlty and class rntdlength vs

percent natur t ty re lat tons f or each se¡( r¡ere anal ysed

f ollowlng Lesl ler Perry & Û,latson ( 1945).

5.4 REgUtTs

5 - 4' I Ggrcrl Marpbc.l-cs.r.

The gonads of þoth eetes are palred and elongate' sonetlnes

encased tn fat deposttsr enclosed by the perltotrêtllrtr and

opén extêrnalIy through short' Pâlred gonadal ducts. The

teft Iobe nornally ls the larger ln þoth seres, The slope

of the regresslon of left vs rlght gonad welght was

stgntftcantly hlgher for females than males In(fenales)=4llr

rr(naIee)=310r fl-statlstlcr P(0,001 I, lndlcatlng that the

Ieft Iobe ts relattvely heavler ln fe¡nales'

[-A.J. Seasonal CXCt-e.

In 1983-85 GSI of bony brean (both sexes conblned) at ZL

showed a d lst lnct seasonal cycle ¡r t th a peak ln Noventbet'r üt

water tenperatures of l9-2OoC (Ftg. 5.27A) a day-Iength of
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FIGURE 5.28: Mean GSI of male and female large adult bonv
bream at ZL, 1983-84.
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FIGURE 5.29: Mean GSI of female bony bream of three size-
grorlps at ZL, 1983-84.
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14 h (Fig. 5.27C), and up to two nonths after the seasonal

f Iood peak (Flg, 5.278). The patt.ern was synchronized (to

within a nonth) both for the sexes (Fi9.5.28) and the

dlfferent slze-classes (Ftg. 5.29). The pattern was

repeated at PS (F19.5,30). However, for fish of matched TL,

the peak log fe¡nale GSI at PS was slgnlflcantly higher than

at ZL (Flg, 5.31, n=29, pàlred L-test, P <0.01). At nelthÈr

Êlte vras there any apparent ad¡ustment of the GSI cycle in

response to flood timing and intensity (Fig. 5.278).

Vltellogenesls apparently begins in Septenber-October

(sprlng)i naturlty ls attalned ln Novenber-Decenber and

spawnlng occurs 1n Dece¡nber-February at water temperatures

of 2L-23oC (Table 5.5). ODF analysis confirns this

interpretation (Ftg. 5.32). From the background of prlmary

oocytes (nean dla¡neter 104 um), vitellogenic ova (diameter

>25O un) first appear in substantial numbers in October. In

December, spawnlng begins to deplete the nature eggs and

thls process 1s substantlally completed by January. OnIy

one najor cohort of ova separates fron the reservoir of

prlnary oocytes durlng the cycle, although a few nature-size

oocytes are present ln some lndlviduals nuch later ln the

year (March, JuIy and August).
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TABLE 5.5: Gonad ståtes of bony bream ln 1983-84 at ZL.

Note that appearance ls recorded !¡. ÊIilL and colours dlffer
when the gonads are dlssected free of the perltoneun,

Stage Sex Months Appearance
Gonad Length/

Body cav lty

Vtrgtn F AII year Grey, translucent thtn
str I ps

M Atl year 
!;liå:t-"" to grey-whlte

Creany plnkr

Orange -p I nk r
flrn' gullted

opaque, flrm

trans I ucent r

2t3

2t3

3t4

3t4

4/5- l ,0

1.0

L(t

l.0

Haturlng F Apr-Aug
Virgin

M Apr-Aug

Recoverlng F Apr-Sep
Spent /

Developtng M Apr-Sep

Mature F Oct-Dec

Plnk-grey¡ tranelucent, f lr¡n

Creany ptnk, f lr¡n' smootht 4/5-1,0
opaque

M 0ct-Dec

F Dec-rlan

M Dec-ilan

F Dec-Mar

M Dec-Mar

Creamy whlter türgld' blocky 1.0

Yel lor{-orôngê r bloodshotr
granular, opaque, gü11ted,
d i stended

Translucent ln patchesr I lght
yellowr qutlted, dlstended,
ova distinct

Gre y-p I nk, wðteryr 3êlil I -
translucent, flaccld

Plnk to dark ptnk' brulsed,
flaccld

*R tpe

Spent

Creany whlter turgldr blocky 1.0

0

rrGonad products extruded on pressure
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Þ.'3.',¡. Êp¡g.ul¡g.

Bpawning waa not clir.ectly observed and attenrpte to rear
artlftctally-ferttllzed ova t,lere unsuccessful. Fernale flsh
[{ere-rarely encountered 1n rlpe condltlonr but tïost ¡nales

¡nalntalned thls condlt lon throughout the breedlng seaËßln.

At only one slte dld lchthyoplankton trawls yleld

substant lal nunrbers of ovai thls was of f a eandy shore west

of PS early 1n Ja.nuary 1986 (Ftg, 5.33), The carch/ef f orr
of bony brean larvae there was slgnlf lcantly hlgher tttan at

ZL (Hann Hhltney' P=0.001) (Flg. 5,34). No larvae were

caught at sltes M and F.

5-4:4 flÊJr BÀtte.

The seEes ln bony bream are externally tndtstlngulshable,
There is no .s lgni f icant dl f f erence in the slopes of the

Iogtg body length vs logl6 body depth curves for the two

seEes tn(fenrales)=401, n(naIes)=341,fl-stattstlc; p >o,obl,

In ühe 1105 flsh exantned at both PS and ZL (Ftg. 5,35) the

ratlo of nales to females was O.86 and stgnlftcantly
dlf ferent fron unlty (Cht-squared, P <0,05). Fenales ¡rere

slgnlflcant.ly more aþundant ln the largest slze-class (TL

)350 ¡n¡n) than overall (n=263r Chl-squaredr P (0,001),

HowevÊrr they were slgnlf lcantly less abundant than rrales ln
the mtddle sLze-cIass (250 (Tt <350 rhnìr n=361r cht-squaredr
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P (0.01) and aþundances were not slgntftcantly dlfferent ln

f,tre Iower slze-cIass ( 100 (TL <25O fthlr n=481r Chl-squared, P

>0.05) . The f ernale to rnale rat los f or the pre- and non-

spawnlng perlods erere slgnlf lcantly dlf ferent (n=771, Chl-

squared, P (0.001) ' wlth hlgher catclres of fenales ln thË

pre-spaÌtnlng perlod and hlgher catches of nales ln the

renalnder of the year (Ftg. 5,36),

E -{.,5. E'ss. ild. tor¡¿¡I DeJ-Ê-IeEüÊ.ut

Bony bream ova are spherlcal, wlth a smooth chorlon and

flnely-segnented yoIk, The water-hardened ova collected by

lchthyoplankton tragrl (Flg. 5.37) had a meðn dlaneter of

0-829 nm (l 0.016 954 CI, n = 4L>, these vlere apparently

senl-buoyantr äs they were trawled front surface wùtËPË,

Newly-strlpped water-hardened ova were of s lnl lar dlanreter

(0.834 + 0.036 rìnrr n = 16), but yrere de¡nersal and adheslve.

In the trawled ova the yolk dtaneter wae 0,54 n¡n and the

chorlon thlckness c, 0.010 ftrrr leavlng a perlvltell lne space

of 0.14 nnr. The ova typtcally contalned a slngle large olI-
droplet (dlaneter O.26 nn) wlth the mlcropyle clearly

vtstble alongslde (Flg, 5.374), An extra-chorlonlc layer

traË revea.Ied by attached sand gralns, Twenty percent of the

trawled ova had clearly recognlzaþIe enbrytrs an,l thË norË

highly developed showed eye plgnentatlon and a ventro-

64



A.

B.

lmm

FIGURE 5-37: Bony breanr ova and ernbryos frorn trawl catches
at PS, Jart. 1986.

c



CHAPTER 5 Page 65

Iateral Ilne of nelanophores (Ftgs, 5.37BrC), The largeet

enhrryo found was 2,5 mm TL and the smallest free larva was

3.5 nm TL; the slze at hatchlng therefore probably Iles
between these ftgures.

The Iarvae of bony brearnr eltêIt (Retroplnna senont) and

western carp gudgeon (tlfp¡g,LÊ-gLfl-9. klunzlnqerl ) conprtsed

alrnost alI of the trawled catch. ú{estern carp gudgeon

larvae can be dlsttngulshed from those of bony bream by body

shape and nean nyonere count (31 1 O.97, n = B; cf.
44.7 J O.53 for bony bream, n = 33, with pre-ana1 count

38.5 I 0.83). The larvae of snelt have an eeI-I tke f or¡n

slnllar to that of bony breanr larvae (Flg. 5,38), and both

absorb the yolk sac early; hence dlscrlrnlnatlon of these

nust be based on neðn nryonËrË cÞuntË (53,6 I o.gb for snett,
n = 9). After dorsal fln developnent has begun snelt and

lrony þrean can bË read t ly d l st tngu l shed by rhe re lat l ve

posltlons of that fln and the anal prlnordlum along the

anterlor-posterlor axls (1n sneIt, the dorsal overlaps the

anal fln; [n bony bream tt does not). Although thls
descrlptlon 1s lnconplete þecause yolk-sac Iarvae $rere not

collected, the sequence of naJor changes ln larval
developnent ls clear:
(l) The yolk sac ls largely absorbed by 3.5 rûm TL.

(2) The caudal and pectoral flns develop rays flrst at
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approximately 3 mn TL. The dorsal fin follows at 7 rnn,

the anal f ln at l1 nn and the pelvic f in at 16 ntn.

Throughout Iarval development nelanophores are present

in a Iine along the dorsal border of the gut. After

6 mm TL a slngle melanophore becomes obvlous ventrally

and lmnedlately anterior to the clelthrun, and a palr

appears ventralIy i¡nnedlateIy posterior to the

cle I thrun. A f lne m Id-ventral I lne of rne Ianophores

also appears along the htndmost 213 of the gut.

Caudal flexlon of the notochord beglns at lO nm TL.

Anterior nlgration of the anus and the dorsal and anal

fins is noticeable at 17 mn.

Flrst scalatlon appears along the lateral 1lne at 26 mm

and i s compl e te by 35- 40 mrn.

5.4.6 Fecund i tv

Fecundlty (F) rlses fron 33r000 for
(body welght 88.9 g) to 880,000 for
(595.4 g) (Flgs. 5.39'5,40). These

the equat lons

a f lsh of

a f leh of

estlmätes

+ 3.725 (Iog19

0.88, F-test,

rnm TL

¡nm TL

derlved fron

199

403

dre

logl9 F =

(n = 27'

-3.923
2r

TL)

P(0.001)

and logtO F

(n =

1.290 IogtO (body

= 0.9 1, F-test '

we lght )

P(0.00 I ) .

2.188

27, r

+

2
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A Iog-Iog equatlon best descrlbes the relatlon between

fecundlty and gonad welghtr but the goodness of flt ls
Ilttle better than that for the equatlon þased on

untransfor¡ned data (r = 0.92). Thus

loglg F = 3.822 + 1.131 log19 (gonad we lghr)
(n = 27, 12 = 0.95r F-test, p <o.OOl).

There ls a slgnlf lcant relatlon between fecundtt,yr body

welght (excluslve of gonad welght) and TL, vlz.

F / (body wetght - gonad welght)
(n = 27, ,2 = o.28,

I 17.58 + 2.54 TL

F-test, P <0.O1).

Log-Iog plots of cSI vs Tt (Flg. 5.4l ) yleld htghly
s lgnl f Icant regress lons f or ¡rares and f e¡nales (respect I vel y,

IoglgGSI = -2.462 + l.253IoglOTL

tn = 87, ,2 = O.g2, F-test, P <O.OOI ) 1t

IogtqGSI = -5.515 + 2.547log1gTL

[n = 154, ,2 = 0,68, F-test, P (O.OOl)].

The slope ls slgnlflcantly greater for fenales (å-

statlstlc, P (0,001), lndlcatlng a nore rapld rlse ln GSI

w I th body s lze f or f enales conrpared +l t th nales .
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?-AJ Lg¡gl.þ, ö.ud, Agg. aL Matur l tv

For þoth sêrësr plots of percent nature flsh ln a length-

group agatnst the rntdlength of that gro.up produce stgtttoldal

curvËs (Flg, 5,424), Many nales nature at a snaller TL than

fenales, but lnnature males are also found to a greater

Iength, Problt ana.Iysle shows a slgnlflcant dlfference

betsreen the tntercepts of the regress lons f or nale¡ atrrl

fenales (Chl-squãrFêr n(nrales)=n(fernales)=13, P(0.005), but

not between the slopes (Ch1-square ) r (Ftg' 5 ' 428) ' Tlre

ntËdia.n lengtha dt naturlty for rnales and fenales are 159 nn

TL (n=108, 95t conf ldence I trnlts 144-175) and 199 lim TL

(n=121, 95t confldence I lnrtts 180-234, respectlvely.

S I n t larl y, tn a plot of percent nature f tsh aga Inet .ì.9Ë

(Flg, 5,434) r nrales ntature earl ler and consequently both

mature and lmriature nalee can be found over a grËatËt'rallgË

of agËa, In thls cdser howevêrr problt analysls shows the

regresslons for the seEes dlffer ln both lnterce¡>t (Chl-

EquarËr È(rrtales)=5r rI(ferrales)= 3r P(0,05) and slope (Ch1-

square, P(0.05) (Flg. 5,438) ' The nedlan agËE at nÉtut'ity

öre 2,4 y (a=212t 95t conf ldence I lnlts L6-3.4) f or ntales

and 2.? y (n=231, 95t confldence Ilntts 2.4-3'6) for

f ena.ler, Length at f lret matur lty (LFM) f or tnales was 126 rnrìr

TL (age O+) and for fenales 155 ntn TL (age I+)'
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5.5 DISCUSSION

In Þony brean, as [n nost glzzard shads' the seaes are

externally simtlar (MllIerr 1960i cf, Bodola' 1966) ' The

rûale: female rat lo of 0,86: I reported here contrasts wtth

that of 1: I reported for bony bream ln northern Austral la

(Blrhop ËL AI,, ln press), and wlth 1,6:t for [' ÊÊ.PÊd,Lo!l¡.!û,

(Jester & Jensen, L9?2>. In both bony bream and

D, gg.Ag¡f,lqf.g¡, however' there are more fenales ln the

Iargest s lze-ranges ' euggest lng that the ee8es ntay have

dlfferent growth or mortallty rates, The reduced lncldence

of nales tn spawnlng season catches nay arlse fron

seasonal þehavtoural dlf ferences that cause thern to

outnumber fenales on the spawntng grounds' as for A.AIg¡g.UÂ

3pp, (Harner, L941, Bodolar 1966; ilester & .Iensen, 1972> -

The observatton that males were runnlng rtpe throughout the

breedtng season (as tn D. qLEgngOEÊ., ilohnson' 1971) suggests

that ¡nuLtlple nattngs by nales nray be connon. Durlng the

spawnlng eeason thts would deplete by ernlgratlon the nale

population of non-spawning areas Iike ZL. Unfortunately an

equlvalent slze-dlstrlbutlon (and hence a comparlson of the

sex ratlo) Is not avatlable for P3' whlch ls close to a

lcnown spalrnlng ground.

The fecundlty of bony brean ls hlgh (cf . Lake, 1967; Merrlc[<
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& Schmlda, 1984i Btshop Ê.¡f ôI., [n press) atrd exceeds tt)at'

of othÊr glzzard shads (Rao, 1965t Kllanbl & BagIln, 1969b;

Chubb e Potter, 1984) ercept È. qË.EË4Lå[l¡lû. (Kllanbl *

Ba.gI inr t9694), The bony brean also shows an e:(cept lonal

råte of lncrease ln f ecundlty nlttr lrorly r ize' EÈtT Ë iEÊ

ËvirlËntly döËB rlot change slgnlflcantly wlth body slze

hence the trtv tal dl f ference between the untransf or¡ned atr,l

Iog-1og equattons for fecundlty vs gonad welght (cf. Mann &

MtIIsr 1985). Other relatlonshlps denonstrate that

reproduct lve ef f ort lncreases wlth s lze ' and that f errale

ef fort lncreases ntore raptdly than that of nales, The rðte

of change of reproductlve effort wlth slze evldently depends

on Iocal condlttone and/or stocks; sone populatlons of

4., gÊEÊd.L4g.t show an lncrease (Fagan & Fttzpatrlckr 1978,

and others a decl lne (Bodolar 1966i tlester & Jensen, 1972i

theltonr L972r. The steep lncrease of reproductlve effort
wlth slze ln the lower Murray populatlon of bony brealn i¡
eonËiatent wlth th€ specles' pattern of slze speclflc

nrortalttyr whtch neans that larger (and presunably oltler)

f lah provlde a nore secure reproductlve lnvestrient than

snaller (and younger) flsh (Murphy' 1968)' AIso, early htgh

fecundlty nay lnvolve a cost ln terne of reduced later
fecundlty and even survlval (BeII, 1980), HowevêPr an early

peak in fecundlty 1s more effectlve ln ralslng natallty than

a nuch hlgher fecundlty later (Meate¡ 1971)r ã.) itr thiå
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respect bony bream Itfe hlstory favours securlty over

potentlal rate of populatlon lncrease.

Bony brean ln the Lower Murray Späwn ln Decerrber-Jan\lütsf r

Iater than ln New South ['lales (Octoþer-Decenber: LIeweIIynr

1983), but at ühe salrie tt¡ne as N.' vlanlnqhl ln the swau

ëstuary (Chubb & Potter, 1984), Bony brearrt ln troplcal

Australta show ItttIe spawnlng seasonalltyr although there

le a peak ln the early Í¡et season whlch probably represents

a response to f loodlng (Blshop É AI., ln press) ' Floodlng

ls not an eseentlal cue to spawnlng ln the Rlver Murray

populatlorsr as tt 1s for certaln other Murray spectes (cf.

Cadwalladerr 1986). Indeed' bony brean are known to spawn

ln tsolated r¡ater-bodles renote frorr the lnfluence of floods

(Lake , 1978i Puckrtdge & Drewlen' 1988). The present data

provlde no clear evtdence of synchronyr ln elther amplltude

or tlntng, of the GgI and flood cycles, Howev€rr an lntense

May-June spawntng occurred ln the northern lakes of the

Northwest Branch of Cooper Creek ln 1988 (Puckrldger uoPUb"

data)r followlng an exceptlonal flood peak ln Aprll' Thts

spawnlng took place four nonths later than that recorded ln

the prevlous year (Puckrtdge & Drewlen, 1988)' and at r{ater

tenperatures lOoC lower. It was conftned at the ttne of

sampltng to the most recently flooded of the lakes-

Evldently the spawnlng behavlor of bony brearn at least !n
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the Iower Cooper - ls responslve to certaln flood eventsi ln

the absence of euch eventsr epôwnlng occurs on a seasonal

basls. It rnay be that floodtng [s not as lmportant a

spawnlng stlmulus ln the lower Murray' where the scale of

hydrologlcal varlatlon ls nuch less thðn tn the Cooper,

AIso, to descrlbe a specles' spardnlng behav lour as f Iood-

dependent or not (g.E¡¡¡¡. Cadwallader 1986) may be too

rinpli=,tlc¡ it l¡ nroré llkeIy that the spavrnlng behavlours

of specles vary along a spectru¡Tr ln the lr senslttvlty to

flood stlnult, Flood-lnduced spawntng may also occur

lntermtttently ln the lower Murray populatloni but ttrË

ÈaturË and hence the frequency of flood events needed to

lnduce such spawntng ln the lower Murray ls unknown,

For bony brean' Lalce Alecandrlna (PS) may be a better

breedlng envlronnent than the maln channel of the Murray

(ZLri thts ls sqggested by the hlgher peak fenrale GgI and

catchleffort of larvae at the lake slte, Openr sf,lldf

ahallowa appear to be the preferred epannlng habltat ln the

Iower Murray, but ln reaches of thè Murray-Darl lng ËyËtËn in

New South 9lalee spawnlng reportedly occurs ln school.s ln

shal low backwaters (LIeweI I ynr 1983) , In nortlrern Austt'aI ia

ËÞúwnlng nõy krÊ concentrated 1n nuddy Iowland Iagoons

(Btshop Êl ôI., ln press). D., qÊ.ÞÊ$Lå¡¡J4 ancl l[, ¡rÈLË.ü.Ë.IlEÉ-

alao sÞa.nn ln backwðtere or lake coves ('Iester & ileneen,
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Lg72i Shelton, 19721' LtttIeJohn, HoIland, ,Iacobson, Hustotr Ê

Hornung, 1985) . UnI ike t¡-. EÊLÉ¡É¡IEÉ. (Gerdee & Mcoonnel I '
1963), the bony brean does not appear to spann near aquåtlc

vege tat i on .

Sone glzzard shader Ilke the bony breant' spaÌrn only a slngle

þatch of ova (Ann lger I I 1967, Chuþl¡ e Potter, 1984), othÉrl

Ëpawn serlally (Annlgerl, 1967i Baglln & Kllanblr 1968t

Johnson, 1971t). The naJor stages tn gonadal developnerrt for

bony brean show typlcal dlagnostlc features (e.9. Pollard,

lg72>, and resenble the hlstologlcally-based staglng

descrtbed for N.-ILLO.t!.1¡ghI (Chubb & Potter' 1984) ' The

presence of ntature-s lzed oocytes ln sone lndlv tduals Iate 1n

the year (March, July and August) suggests elther a capaclty

for opportunfstlc spawntng (perhaps 1n response to

eïceptlonal flood events) or lnconplete atresla (sone

spec i mens r{ere f ound w I th hardened egg-masses ) -

The snooth chorlon and flnely-segrnented yolk of bony bream

ova 1s typtcal of clupe tds (McGowan & Berry, 1984), Although

Llewellyn ( 1983) suggested that the ova Í{ere senl-buoyantr

they apparently have an early demersal and a later buoyant

phase nraklng bony brearn, l lke D' ceoedlanum' Iltho-

pelagophlls ÊgÂzu Balon (1975)' It has been suggested

(Reynolds' 1983) that the upstrean spawnlng mlgratlon of
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callop and stlver perch tn the Rlver Murray safeguards

agalnst the loss of pelaglc eggs to the sea. There is no

evldence for upstrean spawnlng mlgratlon tn adult Þony

þream, The cornblnatlon of an early denersal and later

buoyant phase tn bony þreant eggs riay be a co[tproïtlse betweÈn

the need for dlspersal and the rlsk of drlft lnto the sea-

The plgrnentatton patterns, body shape, gap between doreal

ancl anal f lns and forward rrttgratlon of the anus ln bony

brearn larvae are also typlcally clupeld (McGowan * Berryr

1984), Howevêrr the rate of absorptlon of the yolk-sac ln

bony brean after hatchtng ls etceptlonal (corrrplete by 3'5 ñÍt

TL)' aE 4., ÊÊ.pÊdj¡ruü, and [, p]LIg,Ug¡¡ÞÊ. retaln lt to at least

5 nrri Tt (Shelton & Stephens' 1980) and l,' qb4Êl¡¡glÃ, retairs

it untll 5 mril Tt (ThangaraJa & Rananoorthl' 1980). Thls nay

lndtcate a relat lvely raptd developnent rate ln bony brealt

enbryoe and pro-Iarvae' but thls awalts conflrnat'1on. The

early development of the pectoral f1n-rays ln bony brean

Iarvae ls also unusual anong clupelds (McGowan & Berryr

1984)' although observed ln A.-¡¡C¡¡¡SI¡. (ThangaraJa &

Ranamoorthl ' 1980).

It hae been suggested that larval callop, because of thelr

srral I total Iength at f lrst feedlng and the lr GonsequËlrt

poor prey capture abllltyr are partlcularly dependent at

thts t tnre on hlgh zooplankton dens lt les (Arunugant & GË.1.1ËË,
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1987). The development of Iarval calIop tn this nodel would

Ils.sE through a tcrltlcal perlod' resenbl tng that proposed

for the development of martne flsh larvae (HJort, l9t4),
Bony bream larvae exhaust thelr yolk supply at a snaller TL

than any other commerclal Murray specles, lncludlng caIIop
(Arunugan & Geddesr 1987), If the callop nodel 1s appllcable

to other specles, the survival of bony brean larvae must

clepend even nrore acutely on zooplankton denslty at f lrst
feedlng. Further, I f the rnodel of f Iood- lnduced zooplankton

sqccesslon ls correct (Arunragan & Geddesr 1987i Plerce &

WaIlcer, subm. ), then an adequate dens lty of approprlate

zooplankters can only be provlded by substantlal floodlng.

Accordlng to these nodels, the survlval rate of larval bony

þrean wtll depend on the degree of synchrony between

flooding and spawnlng; In this respect, the nodels resemble

the'natch-mlsnratch- hypothesls proposed to explaln

variatlon In recruitnent of North Sea co¡n¡nerclal specles

(Cushlng, 1972r. In these specles the ttning of spawnlng for
èach stock is relat Ively constant' but cI i¡nat 1c events whlch

deternlne the oneet of the sprlng productlon cycle are

variable. It is hypothesised that Iarval survlval ls

dependent on the degree of synchrony between spawning and

the productlon cycle.
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Hor{ÉyËr-'r thÉ clÉÌrËttt-lent::y.rf hi}Ey lrream Iat'vae r]n sc¡rlplBnktill

clena it iea B.t f ir¡t feecling haa Ìtrìt been testedr End the

tcrlt lcal perlod' concept tras beetr challengerl (M¡.y t Lfl74l ,

Further' the lnltlatlon of zooplankton successlon by

f loodlng has been demonstrated ln hatchery pondsr ÌtoË ln the

Murray, 0verall densltles of zooplankters ln the naln

channel of the lower Murray respond to a varlety of

prlrilIirêtersr aÊd do not show a clear relatlonshlp to elther

season or f Iows (Shtel r tlallcer & t¡1I1lans, 1982), In Lake

Àlexandrlna however, although total mlcrocrustacean

densltles are relatlvely stable, a decllne does occur durlng

perlods of low flow, and thls ls reversed by floodlng
(Geddesr 1988), Infornatlon ls Iacklng about zooplankton

rËsponses to floodlng ln lower Murray floodplaln habltats.

Although tt ls conrrion ln flsh blology to use ðn'age at

firet naturlty' lndex (AFM/LFM), thls lndex says llttle
about the age (or Iength) - Íriaturlty relattonshlp, Horeoverr

the lndec ls sensltlve to sanple slze, Problt analysee

offer useful supplementary lnfornatlonr as they aIIow

Ëta.tlstlcal conparlsons between regresslon relatlonshtps and

provtde a nedlan length (MLM) or äge at ïtaturlty,
Genera.IIyr howevêpr only AFM and/or LFM data are avallabte

for other glzzard shads, The LFM values of l26mn TL for
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males, and 155 nn TL for females ln the lower ì'furray ntay be

eonpared wlth LFM estlnates for bony þream ln the Murray ln

New South 9,lales, whlch lnclude àn lmprobably Iow 70-80 ïtnÌ TL

1n the f lrst year (Lake , 1967; Cadrdallader , L977;

Cadwallader & Backhouse, 1983). In comparlson, Blshop

Ël õ1, (ln press) reported LFM values of 156 mn for males

and 168 nìm f or f emales ln the [r f trst year ln Magela Creekr

Northern Terrltory, Conparlsons wlth LFM and AFM data for

other Dorosonat lnae (.Iacob, 1948t Thonrson, 1957 i Berryr

1958i Bodolar 1966i Jeeter & ,Jensen' L972ì Chubb & Potter,

1986) show that bony brea¡n conforn to the gtzzard shad

pattern of early maturlty.

The bony brean In nany respects ts a typtcal glzzatd shad.

It matures earlyr has snall ova and larvaer tro external

sexual dlmor:phlsrn' and favours warn, shal.Iow YJaterg. It Is

unusual ln certaln features of larval developnent and ln lts
except lonal fecundlty,

In Chapter I lt was argued thatr because of lts abundance

under a varlety of hydrologlcal reglftêer the bony lorean

nust be capable of elther flood-cued spawnlng or exceptlonal

reproductlve output. On the basls of the above proftle of

reproductlve blologf' lncludlng the unpubllshed data fron

Cooper Creek, 1ü appears that the specles ls capable of

both, In general ternsr bony breanr aloundance nay be
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attrtbuted to these capabll ltles, HowevÉtsr the Þ;aFtlcuI¡.r

ËoñtFrinatlon of a specles' potentlal ltles whlch 1s expressed

wlII vary between eÞvlronnent-q (Per¿ov' 197äi tlar¡c-:.1dtlen fe

Leggettr 1975; Mannr MlIls & Crlsp, 1984).

In the Iower Murray bony brean t)opulat lorrr apawn lng i¡ not

uaually flood-cued' and may occur 2-3 nonths after the flood

peak. In thls respect the bony brearn resenbles the thto

rratlve specles most severely threatened ln the Iower Murray

-the Murray cod and catf lsh, Further, bony Þrean larva.e årË

¡nalI' have a very brlef lnterval of yolk nutrltlonr and

thelr survlval ls Ilkely to be strongly flood-dependetrt,

Howevêrr the bony brean natures earlyr and ls erceptlonally

fecund. Both Murray cod and catflsh maturë late Iage IV-V

for cocl (Ca.dwaIIader t L977Ii III-V f or catf lsh (Davls,

1977b>l and have low fecundlty (cf , Lake, 1959i D'=vi¿r

1977b) and Eo cannot recover rapldly after prolonged

recrultment fallure, It seenB I lkely therefore that licllT

brea.nr Euccess ln the lower Murray ls due to an exceptlonal

natallty, Howevêtsr glven the fIetlblllty of rpawnlng

rËËponËe observed on Cooper Creek, lt ls also poselble that

certaln flood events nðy lnduce bony brean e¡rawning¡ anr-l

åuch ÊvËrrtÍ would support exceptlonal recrultnent,
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CHAPTER 6: DI3EA8E

6. I SUMMARY

The lower Hurray populatlon of bony brean ls subJect to an

annual eptderntc of the oonycete Ê¡p¡.4-t-Ê.g.0"¡-¡. (prlnctpally Ê-.

ÞÃrEEItl-cË,) and the bactertum Ag-[g-tg.OEL hvdroohila. The

eptdemic is species-speclfic; it affects malnly adults whose

Eusceptlblltty nay be lncreased by stress due to wtnter

cold. Mortal I ty rates do not appear to be h lgh. Les lotrs

oecur on the ntd-flank and are characterlzed by an external

mycel lum, êÞtdernal eros lon, scale loss, hypoder¡naI and

nuåcular oedenar haenorrhôgêr nyoflþral degeneratlon and by

the presence of Ê¡pf.Clg-g!,¡,¡. hyphae at aII stagee of

lnfectlon, Although À, b.ydf.A.Ablt0, ls conrnon 1n advanced

Ies lons there t s no s lgn I f lcant syste¡n lc bacter lal

lnfectlon, Thls appears to be a prlmary nycotlc dermatftls

and 1s noteworthy because Saorolecrnla ls best-known a3 a

secondary pathogen.
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6.2 INTRODUCTION

tA paper (Puckrldger [,ùaIker' Langdon, DaIey & Beakes, 1n

press. Journal of Flsh Dtseases) based on the rnaterlal of

thls chapter wae accepted for publlcatlon on 8th Novenrber,

1988, and ls bound as Appendlx III.I

The nrolt abundant large f lsh specles ln the lower Hurayr

the bony brea¡n, ls the only specles subJect to regular,

wldespread epldenlc dlsease, Flsherrnen ln the reglon have

notlced fungal lnfectlons ln Iate wlnter or early sprlng

since at Ieast the 1940s (t, Gray, Menlngle, S, Aust,, pere,

con¡n. ). In the f oI lowlng the prlnclpal pathogene are

identtfledr the pathology and eplzootlology of the lnfectton

are descrlbedr ðod trrrpl lcatlons for the role of the bony

brean ln the lower Murray are explored.

Oornycetes of the genus Ê¡p¡.g¡S.g!,t¡. lnclude a nunber of

facultatlve pathogens responstble for saprolegnlasls ln
flsh, Most ouübreaks follow bacterlal or vtral Infectlon
(Egusa e Nlshlkawa 1965; 9Jltloughby l97Oi Bekesl, Kovaks-

Gayer, Ratz & Turkovlcs 1984)' lnJury to the epldernls
(l{hlte 1975i Plckerlng & lfllloughby 1977) or condltlons

assoctated wlth captlvtty (tlllloughby & Plckerlng 1977ï

Crrpland & S¡tlloughby 1982), These lnfectlons nornally are

slngle or sporadlc, although t,here are reports of regular
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infectlons In wild saI¡nonlds subJect to spawnlng stresg
(Ne lsh 1977 i Rlchards t( Plckerlng 1978; PLckerlng * Chrtsrte

1980). Ê- pA¡A¡IUJ-C¡. ls the donlnant saprolegnlacean ltr

tFrete lnfectlons (t|llloughby 1978í ûùood, ÛJltloughby & Beakes

1988).

The bacterlun AÊEg.Ug.g.åÊ. bJ.d.Ëg¡hLLÕ. nay be a secondary

invader of Ieslons (Hunphrey 1985; Menasveta 1985) or a

¡.rrlnary Þathogen 1n systerrlc and lntegunentary lnfectlons of

flsh subJect to spawning, thermal or Iow-oxygen stress
(Rlchards & Roberts 1978i Esch & Hazen 1980i Nieto,

Corcobado, Toranzo & Barla 1985),

Ífhere both À, hvdronhlla and ggEEg,Lgg.U_[O. spp. have occurred

in an infection prinacy usually has been attrlbuted üo

A'hE*"tLþ (Egusa 1965i Thorpe & Roberts 1972; rnnan &

Bland l98tt Calllnan 1985). In the one reported exceptlon

known to ne a case where A, hId¡g.phlli. vras assoctated

wlth an otherwlse typtcal salnonld saprolegnlasla (Rlcharda

e Plckerlng 1978) -- þacterlal samples rÍere not taken from

lntegunentary leslons, Thls chapter reports ä further
exceptlon that occurs regularly ln a wlld populatlon of a

non-salmontd spectes - the bony breanr of the lower Rlver

Murray.
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6.3 METHODS

6. 3, 1 ÊE¡pU¡g.

The general sarnpl lng program has been descrtbed (2.1),

6.3-2 M-rçg.Lag-Y.

Mycellal sanples from leslons were cultured on

chloramphentcol-cornrneal agar (250 mg chloranphenlcol per

lltre agðr) and dupllcate sanples were placed ln sterlllzed
rlver water, The leslon lras photographedr rriapped on ä

grldded flsh outllner dlssected free to a depth of I cm and

preserved ln 10t buf fered for¡nal ln. Hyphal ttps front the

ågar colonles were subsantpled repeatedly untll bacterla-

free, The rnycella kept ln sterlllzed rlver r{äter trere

exa.mlned before suþ-culturlng to check the selectlvlty of

the agar nedlun (cf. gJtIIoughby 1978). For 60 tsolates thë

nycÉIlal clunps from sterlllzed r,tater and hyphal tlps fronr

agar cultures erere transferred to sterlle dlstllletl w.1tËr

prlor to oþservatlons of zoospore release, Flfteen lsolates

were rralntalned ln the dark at 7oC on sterlllzed henrp seed

ln ftltered and autoclaved Murray water to aIIow

ob¡ervatlons of the forntatlon of sexual structures (cf,

9JtIIoughby 1978).
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Selected lsolates were also e¡(antlned by Dr G'W' Beakes

(Ltnlverslty of Newcaetle-upon-Tyne) under tF¡ç tt'a.nErrrlgelon

electron nlcroscope to check the tr cyst eoåt morÞtlrlIogy

(Appendlx III ).

6 . 3. 3 E¡c¡Sr-l-g.I-AgJ.

In Septeïtbêr 1986 bacterlal satnpllng was lncluded ln the

protocol f or 34 lnf ected and 32 unlnf ectetl f i¡Ìr, Tltere

aanples $rere taken wlth a flarned loopr streaked on DIFCO

nutrlent agar ln a 9o-nrrn petrt dtsh and spread wtth a

sterlle swab dlpped ln sterlle saltne. If nycella rilere

present on a leston part of the nyceltal nat wae Ilfted wlth

Ëterl1 lzed forceps and the loop touched on the exposed

t tssue . I f nycel la were absent the ulcerated surf ace efag

sanpled dlrectly, A sarnple wae taken also front unaf fected

skln on the mtd-f lank. The f lank etas then seared and opened

along the swln-bladder uslng sterlllzed sclssors. The Ilver

and anterlor ktdney were lnclsed wlth a sterlllzed scalpel

and thË lnclslon sanpled, A control plate also was streaked

wlth the sterlllzed loop and spread as above'

Each lnfected flsh was palred wlth a slmllar-slzed

unlnfected f tsh caught at the sarle tlne and place; theee

ÍtËt.Ë trêated ln the same wâYr elßcept lng the les lon sanple.

The culture plates were stored for three days at about rlver
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tenperature ( l2-l8oC).

Prel lrnlnary ldentlf lcatlon of bacterlal lsolates wag

performed by C, Daley of the Instltute of Medtcal and

Veterlnary Sclence, AdeIalde. FlnaI Identtflcatlon of

presunptlve A.- b¡df.A.pbltÂ lsolates etae perf orrrted by Dr Dawn

Àustln of the Departnent of Brewlng & Blologlcal Sclencesr

Hertot-S¡att Unlversttyr Edlnburgh (Appendlx III) '

l,-3J Vlroloqv

In Septe¡nber 1986 three healthy, three sl lghtly lnfected and

three severely lnfected ftsh were frozen on dry lce and sent

to Dr''J,S, Langdon of the Australlan Flsh Health Reference

Laboratory at BenaIla, Vlctorla' who tested the sÞeclrreu¡

for th€ presence of vlral agents (Appendlx III)'

51.3..1 H I stol ocv

Bkln tlsÉuÊ ea.nrplee from nlne lnfected and three apparently

unlnfected speclnens were sublected to hlstologlcal

eranlnatlon Þy Dr.LS, Langdon (Appendlx III),

6.4 RESUITS

6.lJ Eolzootloloqv

The eplzootlc typtcally beglns 1n rlune-..IuIy, when

tËïrperatures are lowest for the year (F19.6.444) and
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f loodtng has not cotìtnrenced (Ftg, 6.448), Thts ts t,çto lìtrrntflú

lref ore the annual Iow ln t,he body Condltlon Factor (Flg.

6,454), three months before there ls a slgnlflcant rlse 1n

GgI and f lve nonthe loef ore spawnlng (Flg, 6,458). The pealc

rnonthly lnctdence of lnfectlon ls slgntflcantly negatlvely

correlated wlth the mean .Iuly-August l{ater tenperature

(r = -O,9, Spearrnan Rank Z = -2.Q8t n = 5' P <0.05)' but not

w I th fteõ.rr da 1l y d I scharge , Inc ldence reaches a peak ln

August and Septenber and lnvolves tO-64t of the adult

populatlon. iluvenlle flsh (Tt (150 rnrn) are rarely affected

( lncldence (0.4t). There ls no stgnlf lcant dlf ferencË ln

the lncldence of tnfectlon ln the two seaes corrected for
populat lon se¡( ratlo (Chl-squared' n = 166). There are no

elgnlfleant dlfferences ln riean Condltlon Factor (Iog(X+1)-

transformed) or mean GSI for lnfected and qnlnfected f lslt

(patred sanples L-testr rr = 86 palrs)r and no stgniflcant

correlatlon between condltlon and area of the leslon
(Spearman Rank).

The water qual lty data suggest thatr ovêr the sanpl lng

perlod, no heavy nËt,11ã 6r oPganÐ=ËlrlÐritre ÞÈEt icirlea

oe€:urred in the lower Hurray ln concentrõtlons I tkely to be

toxlc to ftsh. LeveIs of organo-chlorlnes were ln fact below

I trnlts of detect lon by Englneerlng and tfater Supply

Department technlques. Nor r{ere there changes ln PH,
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conducttvtty or dtssolved oxygen I tkely to cause 3tre33 to

tFre bony brean, No other f lsh specles showed slgns of

inf ect i on.

The proportlons of lnfected grld ceIIs (anong 168 per

flsh) tn four body reglons (flns' headr nld-flatrk ätrd

Þostêrlor fla.nk) on the left and rlght sldes of the body

were analyzed by St,epwlse Loglstlc Regreselon (BMDP

gtatletlcal Software 1987r progrân LR), The potentlal

effects due to dlfferences between lndlvldual ftshr body

reglon and stde (Ieft or rlght) were lnclqded as ntaln

effects tn the logtstlc nodel, together wlth a elde vE

reglon lnteractlon, The area of leslons 1s slgnlftcantly
htgher on th'e anterlor mld-f lank (F-testr P (0'001) t the

head and glllsr flns and posterlor flank are rarely

affected. Curlously, there ls also a slgnlflcantly greater

nean area of lnfectlon on the left than the rlght flank (F-

test, P (0,05). There ls no slgnlflcant lnteractlon þetween

alde and reglon (F-test), The mean area of leslon ls 5.3t

of the body surface (SD = 3,5tr n = 9l) and thË naxlntunt l¿

l6S, The least aevÉre and probably earllest leslons appear

as a thtn fuzz of nrycel la over skln wlth no obvlous

haenorrhage or lnflannatlon (Flg, 6,464), Dlstlnct Ieslons
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FIGUBE 6.46: Mycotic lesions on the skin of bony bream, A
slight B: moderate.
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wtthout fungus lnfectlon rarely were observed; therè 1.l.1E

ilßlËÉ.åiotral reddenlng of the skln a.nd elevatlon or Ioss of

scales, but thts ls typlcat of the react lon of bony brearr to

capture and handl lng.

Leeion¡ Þrogress by an lncrease ln the denslty of lnvestlng

nycel lar eroslon of thÉ e¡rlderrrrl= alìßl Þrotrubi.ln then IrlËË

af ¡caleer wlth lncreasl.ng perlpheral haernorrhage and

erythena (F lg. 6. 468) . Intermyotomal haerrorrhage ant{

fryonalaclA occur ln advanced leslons, One speclrnen only was

found wtth scar tlssue and ptgrnentatlon suggeetlve of

heallngr and only two rnorlbund spec[¡nens were captured'

Wtth few exceptlons the lnternal organs of flsh wtth

external leslons appeared normal.

6 .4.3 M¡ce.Ig.sx.

In nrycel la transferred dlrectly f ron les lons to sterl le

water there were occaslonal hyphonycetes' but the donrlna¡1t

OrganlSriS Írere non-septate oomycetee and aIÌ' apart frorn one

speclmen of t¡g.Ctg¡fil¡å sÞ., belonged to the Saprolegnlales'

In 60 of 62 lsolates of Saprolegnla1es the prtmary zoospores

cleaved wtthtn the zoosporanglunr and YÍere released

terntnally, Ten lsolates observed at the nonent of zoospore

release aI I de¡nonstrated act lve dtspersal of the prlnary

EooËpore8 fron the $poranglun mouthr âs 1s typlcal of
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Sanrolesnla. In only one of 61 lsolates (ACbJ¡¡. sp. ) ïrere

prlnrary zoospores found encystlng at the sporanglal openlng.

of 34 flsh wtrh Ieslons collecred In 1986, 3l ytelded

Sanroleqnla lsolates.

31x of the t5 lsolates (code nunbers 12891 1356,1376, 1431,

1494, 1570) malntalned on hemp seed developed oogonla wltttln
slx nonths, ,The lsolate whlch noet readlly reproduced

sexually (1494) hras ldentlf led as Ê.. Êg.ËOJt (Grulth.) Thuret

and the other f lve as 9., <llcllna Hurnphrey (after Seynour

1970). Electron nrlcroscopy provlded supportlng evldence for
these ldentlftcatlonsr ôrrd for the referral of the asexual

lsolates to Ê.- parasltlca (Appendlx III).

6-4.4 Bacterloloqv

The followlng groups were ldentlfled tentatlvely 1n lsolates

fronr dlseased and healthy f tsh: AË.Ëgüg¡l¡úÌ., P¡-ÉttsLo,-ü$ü.ÊË-'

Ale'¿LigÊlxËår @, @ and 'oxldase-

negat l ve granr-negat I ve bac I I I us' . Ag¡g.Ug!ÀE bydr_oÞblLË_ w.ra

iclentlfled ln 38/48 suspected Ag¡g.Ug4AE tsotares.

4,. þJ4C.Egp,bIL3. was lsolated fron 22134 skln leslons and 3131

akin aanplea fron healthy flsh, only 4/34 flsh wlrh lestons

ylelded 4,. b.[dlg.ehtl¡. fron Ilver and/trr klclney, Seven

aa.ntplea fron qnlnfeeted ekln arËag of 34 dlseased f leh gave

4,. bJdfgpblt¡, lsolatee (Flg, 6,47), Tlrere w;18 nrt ¡-lif Ìer'ËnrlË
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between the lnctdence of S.A.EE9.ISS.U.[ð. and è,' hJdIg.EbIL¡- itr

Ieslons (Cht-squared, P )O'05)' but of the 3134 ftsh that

dtd not yteld Ê¡pr.gJ-Êsl¡,Lo.r on€ dl,d not yleld A,' bJdË¡Ð¿lLLlÅ,

one showed an lntegunentary lnfectlon of A, bJ¿d.EgphILB. and

the thtrd had obvlous AgI9.U9.U¡"1 sept lcaenla'

LL.t Yl¡.g.Ig.gr.

No cytopathlc agents were lsolated fron the kldney, llver'
spleen or skln leslons of dtseased flsh'

ç.3r5 Htstooatholoqv

The prlnclpal Ieslons lnvolved eroslon of the epldertrrls and

Ioss of scales, hypodernal and rnuscular oedena' haenorrhage

and rnyof lbraI degeneratlon, The earl lest obvlous lnfectlons

consisted solely of fungal hyphae penetratlng the epldernls

and dernls, often ln scale pockets (Ftg' 6.484). Thls

progressed to eroslon of the eptthellum and hypoderrnal

oedemar as prevtously descrlbed for saprolegnlasts (Copland

& Wt I loughby 1982, . Bacterlal Invas ion also was conrnonl y

obeerved at thls stage ln developnent of the leslon.

Extenslons to the underlylng nrusculature occurred ln severe

cdeêer lnduclng haenorrhage and oederna' partlcularly ln the

lntermyotomal connecttve tlssue. Fungal hyphae were not

vlelble ln sectlone stalned wlth haematoxylln and eosln, but
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FIGURE 6.48: HistopatholoÉfy of Wcjfric dermatitis in bonv
bream. A: Frrnelal h¡rl¡hae (arrovr) in scale pocket in earliest
stage of infection (methen¡mine silver, X13O). B:
Haemorrhage and oedema of intenmyotomal connective tissues
at jurrction of pink lateral and vhite-rcuscle, and white
rnyof ibral deg;eneration (H+8, X|OO) C: Section similar to
SÈ Uut silver-stained to reveal funÉa1 hyl¡hae (arrovrs)
within haemorrhagic foci and myofibres (methenamine silver,
x130)
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nrÈttrènantlnË E I IvËr ttatlllng rËveä1Éd one or nore hyphae, þut

tlÉVËt'tlunÉrÉuË hyphaer Wlthln each haenorrhaglc focus (Flgs'

6,488, 6.48C), Indlvtdual ntyof lbres of tetr tlfrl'ttÉitiecl ¿

BLngle hypha wtthln the sarcoplasn' wlth or wlthout

sarcoplasmlc degeneratlon. Bàcterla r{erë rarely vlsible 1n

these deeper Ieslons.

No stage of the leslons showed leucocytlc Inflanmatory

response to the fungal eIe¡nents. Leslons rdtth substantlal

bacterlal Involverrent dlsplayed rnononuclear lnflannatory

tnftltratlon at the sltes of lnvaslon'

6,5 DISCUSSTON

I ru u p t i o n s o f Ê¿¡fef.Ê.g!.¡¡. and èÊIg.üg!Ãå hfSlfg.Pb.Ll¡. c o nt n o n I y

occur ln late wlnter and sprlng (Jester & ùensen l:17â¡ ttÈ

Figuelredo & Plunb 1977i Porak & TranquIIIl 1981). It
appears that low wtnter tenperätureÊ nay å(lt diret=tly to

Iower ð.ntlbody productlon and blood protelns and thereby

lmnunlty, or lndtrectly through tnhlbltlon of feedltrg

(Roberts t975i Clprlano' BuIlock e PyIe 1984i Brenden &

Hutztnga 1986a), The rtse of temperðturee ln sprltrg aleo

nð.y lowcr lntnunlty through etrêesr partlcularly In the case

of À. b¡df¡phflA lnfect tons (Esch & Hazen 1980i Nletor

Corcobador Toranzo & BarJa 1985) ' Sexual rûaturat lon nìay

contrtbute but the nechanlen ls unclear (Plckerltrg fc
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Pottlnger 1985, Plclcering 1986).

The general preference of bony brean for warmer waters ls

conststent wtth the wlnter-stress rnodeli the lower Murray

Iles near the southern extre¡ne of the specles' range, Bony

brea¡n posstbly are sensltlve to Iow temperaturee and Iow

otrygen concentratlons (Cadwallader 1977 i AIlen L9B2>, as

these condlt Ions are tnrpl tcated ln reported lnf ect lons by

bacterla and SOpfglg.g¡jô. (Johnston & Bancrof t L92L>,

Chllodonella (Langdon, Gudkovs, Hunrphrey & Saxon 1985) and

rhabdovlrus and AÊ.Ë.Q.Ug.UfuL (Departrnent of Ports & Flsherles

1986) tn thls specles. An except Ion to thls pattern ls thÈ

rrycoals (lnvolvlng AChfJ¡. sp,) of bony bream ln the

Northwes! Branch of Cooper Creek, whlch occurs under a

varlety of condltlons' Includlng both hlgh tenperatures and

hlgh dlssolved oxygen concentratlons (Puckrldge' unpul>'

data).

The t lrnlng of the eplzoot lcs ln the lower Murray also ls

consistent wtth the wlnter-stress nodel' Peak lncldence

occure after the wlnter tenperature nlnlnun ln JuIy, and the

IeveI of tnctdence ls correlated wlth the mean.Iuly-August

water tenperature. Howevêrr ln 1984 the lncldence of the

Iower Murray dtsease peaked before body condltlon reached

lts nrlnlnun. There was no dl f f erence between the condlt ion
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of healthy and dlseased f lshr âtrd condltlon r{äå üÞt

elgnlflcantly correlated wlth the area of leslons. If

wlnter-coId stress ls actlng as an lnlttattng factor ltr thË

rlieea=e cycler 1t seetne l lkeIy that lt ls dolng so dlrectly

through suppress lon of lrnnrunlty rather than by Iowerlng botly

condltlon through lnhlbltlon of feedlng,

Several authors have cofitnented on the lack of a leucocytlc

inf lanrnratory response to lnvadlng hyphaer and the presence

of haenorrhage ln the lnf lamnat lon lnduced lry the lryplrae of

Êarüef¡-qal¡, BÞ,, part lcularly ln deeper les lons (Bootsna

1973i Wolke 1975; Nelsh 1977 r Copland & Ífllloughby t9B¿),

The lack of such a reeponee ln bony brean could arlse frorrt

tenperature-nedlated lnhlbltlonr oF 1t nay reflect the

fungal epecles lnvolved (there 1s some cellular lnflarnrnatory

response to bacterlal tnvaelon), Thle contrastË wlth thË

nÐ.rked granulorratoqs lnf lannatory response shown by f lsh

lnfected by Aph¡¡g¡lgg,f. sp, (Noga & DykËtra 1986), Ebn-nå-

bEIeÃf-UJ¡. (Ross, Yasutake & Leek 1975), Aohanonvces

p.Lpç.LÊ.!-dn (Hatalr Takahashl * Egusa 1984) and E¡gEbl¿Lå

Ef.Ëg.Lph![n" (Langdon & McDonald 1987).

The fact that adults, rather than Juvenllesr ðrPê affected

IrEy arlse fron dlfferences ln the feedlng habltats of the

two (Atk tnsr 1984), whlch could cause dl f ferent låI ËrÞc)Eut'Ë

to the Þathogen, It also suggeste that hormonal changes
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assoc t ated w t th se xual rnaturat t on nìay I ncrease

åqFcÉptlblllty to the dlsease, In fact pre-naturatlonal

changes are lndlcated because the Infectlon becones Intense

tr{o ìrontfr8 before the onset of vltellogenesls, Slntlarly,
the annual floodtng of the Murray usually occurs too late to

affect the lnttlatlon of lnfectlon. However, tt may be

Instrumental In the cessation of the epldernlc.

Captlve sal¡nonlds and eels succunb rapldly to eaprolegnlasls

(CopIand & tltlloughby 1982i Plckertng * Wtlloughby l98e),

and lt ls posstþle that wlld populatlons also suffer htgh

mortal ltles (Ílhlte 1975), In the present case the scarclty

of heal lng or dead bony brearn ls dlf f lcult to explaln,

HowevêFr the absence of large numbers of dead or ¡norlbund

f lsh suggest.s that nortallty rates due to the dlsease are

Iotr. Both actual nortallty rates and effects on reproductlve

output, however, should be exanlned experlnentally, perhaps

in river enclosures.

The speclftclty of the lower Murray dlsease for bony brean

contrasts with the generality of a dermatttts attrtbuted to

Açh¡¿ô. sp, ln flsh of the Coongte Lakes reglon of Cooper

Creel< in central Australla' where bony brean' caIIop, desert

ralnbonf l sh (llg.LOU.qLðÊ¡,1O. sol end I da f.iltÊ-L) and goldf I sh

(Carassius auratus) are affected (Puckrtdge & Drewlen 1988).
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It seens I lkely that S.- pOf¡¡-ll-lçA Is the prtnclpal f ungal

ÈlÉ.thagÉn lnvolved ltr bony breanr derrnatltlsr ôs lt ls 1n

Brltlsh salmonld saprolegnlasls. But tn.Iapan fl-
d,l¡.Ltng also has been lnpltcated as a salmonf d pathogen

(Hatalr tllltoughby & Beakesr ln press)r so a deflnlte anËttÉr

nust awalt a study of the pathogenlclty of both taxa.

In saprolegnlasls the locallzatlon of surface leslons Is
dlstlnctlve for partlcular host-pathogen relatlonshlps. The

pattern seen ln bony brean, favourtng the nrld-flank reglonr

dlffers fro¡n that 1n salnonlds (Hhtte 1975t Nelsh 1977,

Rlchards & Plckerlng 1978) where headr dorsal surface and

flne are affected, It dlffers also ln belng not conslstent

wl,th lnltlatlon of lnfectton by tn¡ury, The slgnlflcant
dlfference ln lnfectlon area between the two sldes of the

flsh is not slnply explalned, and nay be an artlfact of

large eantple slze, Howevêrr there ls evldence of assynetry

ln parasltlc Infectlons (Moser, Sakanarl' f.lell lnga S

Lind¡trom 1984t Rohde 1984), and bony brearn have s lgnl f tcant

gonad aesymmetr^ft wtth the larger gonad on the norÉ aeverely

lnfected slde (see 5,4).

The Chl-square analyses reported by Rlchards a Ptckerlng
( l97B) are at best nrarglnal lndlcators of envlronnìental and

btologlcal effects, whereas the nethod enployerl here le
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multlvarlate ln nature and has potentlal for conprehenslve

åtudles of the relatlons between such effects and the

distributlon and intenstty of lnfection,

The task of establ lshlng prlnacy ln a conplex dlsease

process ls dtfflcult, and confltcttng evldence ls connon,

Thls 1s weII-shown by work on,.Iapanese "fungus dlsease" of

eels (Egusa 1965), UDN of saI¡nonlds (Carbery 1968) and the

Asla-Paclflc ulcer dlsease (Roberts, Maclntosh, Tonguthat,

Bronyaratpal tn' Tayapatchr PhtII lps & MlIIar 1986). In the

present sltuatlonr lt ts posstble that lnconsplcuous

prefungal À. bJdlgpbttg leslons occur lnltlally In the lower

Murray dlsease' and that Saproleqnla lnvades these before

they becone obvious. HowevêF¡ there are several llnes of

evldence to suggeet that thls ls a case of prlnary

saprolegnias.is:

(l) Saoroleqnla occurs ln the earllest detectable leslons.

<2> Gross haemorrhage and lnflammatlon are absent ln early

leslons.
(3) External and lnternal symptoms of systenlc bacteraenr[a are

absent.

(4) The yleld of À. þ.y.f!ËgpbtlÈ cells from lnternal organs ls

Iow (this is not uncomnron (Thorpe & Roberts 1972; Snleszko

L974) and the sllghtly enhanced levels that occur ln flsh
weakened by ÊEpf.g-Le-gnlê. Iesf ons are to be expected),
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(5) About a thlrd of les lons ( 1l /34) ytelded Ê¡pfgJ.Êg¡.lÀ but

not A. hvdrophila.

(6) Few leslons (2134) ylelded A._-h¡.dfgph|lE but not

Saoroleqn I a.

(7, Saoroleqnla hyphae occur ln the scale pockets ln early

Iestoosr and deep 1n the muscle 1n advanced leslons,
(8) Vlral agents r{ere not apparentr ðt least ln prel l¡nlnary

investigations.

The ev ldence presented here suggests that the Iower

Murray bony bream eplzootlc ls an addlt lon to the

conparattvely few known lnstances [n ftsh of prlrnary

pathogenlclty among aquatlc fungl (Ross & Yasutake 1973;

Ross, Yasutake & Leek 1975; Hatal, Takahashl A Egusa t984t

Noga & Dykstra 1986), In addltlonr thls appears to be the

flrst reported case of prlmary saprolegnlasls ln a wlld,
non-salmonid f ish populat lon,

Hycotlc dernatltls rnay be an expresslon of etresses

experlenced by a specles at the nargln of lts range.

Although nelther such stresses nor the dlsease appear to

cause substantlal mortalttles, margtnal changes ln the Iower

Murray Ênvlronnent could prectpttate naJor changes 1n the

severlty of the epldemlcs, The posslþ1e susceÞtlbll lty of

bony Frreanr to low tenÞeratures and the aesoclatlon of the

nycotlc dernatltls eptdenlcs wlth wlnter tenperaturË nlnlna
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suggests that change ln t,he thernal reglne could be

çrltlcal, For exanple, the proJected Greenhouse tenperature

rtse of 2-4oC by the year 2O3O (Graetzr Walker & lfalker,
1988), could eI l¡nlnate the outbreaks entlrely,
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ZJ I¿f.Ê. HJ¿lgÅv. ond, è¡lls.uglÃ¡lËå

Bony bre¡.n '=.re the noEt abunrlent large f lsFr speclee ln the

lower RIver Murray. Qther Iarge nat lve specles f or¡n only

nlnor pt'oFrortlons of the flsh pottulatlorlr atrd these

proportlons, partlcularly of the Murray cod and catflshr ðrË

decl ln lng.

In adult bony þrearr ntortal ltles appear to be Iow' although

thts should be tested experlmentäIIy, Annual eÞldenlcs of

nyc€rtic dernatltls are conflned to adultsr and do not appear

to result 1n hlgh nortalltles, Howeverr a suscepttblltty to

Iow water tenrperaturee ls suggested by the wlnter decl lne ln

condttlon and growth of young ftshr the ntovenent of aII

s lze-claeses away f ro¡n thernral ly varlable onshore waters ln

wlnter, and the occurrence of peak dtsease - lncldence ln

Augurt-3epte¡nber, Thls nay explaln the decl lne 1n aþundance

of bony bream tn the nrlddle Murray, where lnpoundnent haa

lowered water tenperatures (Lake, l97l; Cadwallader, 1977;

9,lalker, HlIInan & TJIII larns, 1978). The htgher ntortal lty
rûtË ln age V+ males suggests that spawnlng actlvlty also

may be stressfuL
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The large size of adult bony breant conpared to other glzzard

shads rnay mean lower mortal lty through greater metabol lc

efftciency, reduced suscepttbtltty to cold 3tre33, and

innurrity fronr alI but the Iargest predators. The lncrease ln

reproductive effort wtth slze may be advantageous In a

specles wlth Iow adult nortalttY.

Larval and J uven I Ie bony bream rnortal t t les appear to be very

hlgh, Htgh larval portal lttes nta.y be due to the small slze

at flrst feed, the brtef perlod of yolk-dertved nutrltlon

and the fact that spawnlng ls not usually flood-cued. A

model rnay be proposed ln whlch larvae are crltlcally

dependent on hlgh densltles of snall zooplankters at flrst

feed, and such denslttes are often unavatlaþIe becaqse

spawntng ls not synchronlzed wlth floodlng, whlch resets

zooplankton.successlon. The altered flood reglne of the

lower Murray, and the allenatlon of ¡nuch of the f loodplaln

f rom the naln channel f or aI I but e¡(cept lonal f Iood¡r ftlêðtt

that flood-lnduced zooplankton successlon (tf 1t does occur)

occurs more rarely and wtth dlfferent tlmtng than under the

natural reglne, To test thls nodel' flood-lnduced

zooplankton successlon on the lower Murray floodplaln and

the dependency of bony brearn larvae on such a Successlon

must be exantned. Further study ts needed also lnto the role

of hydrologlcal cues 1n spawnlng, glven the evldence for
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f Iood-cued spawnlng of bony breanr on the Northwest Branctr q1f

Cooper Creek (5.5).

Glven htgh Iarval nortalltles, the abundance of bony brean

ln the lowèr Murray and perhaps elsewhere ts Ilkety to be

baaed on an ËEcÊptlonal rratallty arlslng fron early rnaturlty

and hlgh fecundlty. In the st.able envlronment of ttre

regulated lower Murray, however, Iow adult ¡nortal Itles and

the steep lncrease ln fecundlty wlth slze may also play a

p.1rt by contrlbutlng to a large broodstock wlth htgh

reproduct I ve potent laI . In hab I tats I lke Cotr¡rer rlreekr where

Þrotracted drought nay lead to hlgh adult as well as larval
mortal Itlesr potentlðI Iongevlty nay not be real lee.l,

Since the bony þrean le able to flourlsh tn regulated

r¡aters, f urther rËgulat lon and lnrpoundnent ln warn-f{atèr

eatchrfrênts throughout Austral la ls t lkety to extend the

range and abundance of the specles, The s¡reciet l¡ likelf
aIão to be fa.voureel by the enhancenent of flows ln central
Austral la and the rlse ln tenperatures ln souuhërn AuEtraI i.1

Þ":dleted as a consequence of the Greenhouse Effect
(Ptttockr 1983i Graetz' [,laIker & [,faIket'r l986),

Bony lrreanr are ln many reËpects typlcal glzzard ehads, They

feed Iow ln the food chaln, have hlgh reprotln*tive ¡rotentiúI
and higtr ea.rly nortf,I 1ty, They favour !{artïr shallow waters,
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are stressed by wlnter coId, and are characterlstlcally

Ébundant, None of the freshwater glzzard shads demonstrdtes

f Iood-dependent spawnlngr and aI l specles ln regulate,l

flow envlronnents recrult successfutty. However' ln sone

respects bony brean (at least ln the Iower Murray) are

atyplcal- Thetr rnaxlnun fecundlty and the lr rate of lncrease

of fecundtty wlth body slze are excepttonal. They are

ËrrcËédËd ln naxlnunt slze only by D.- ÊÊ.eÊd.Lül¡.U.' and probably

are equal Iy long-1tved. UnI tke nrost f reshwater glzzard

shads, þony brean flourtsh under hlghly varlable and

unpredlctable hydrologtcal reglmes. An elentent ln the lr
success over a wlde range of condltlons nay be flexlbll lty
in spar{ntng response the abll lty to spaeln successf ully
wlth stable wõter levelsr and to spawn ln responee to floods

when opportunitY arises.

Sone lnportant tasks renalnlng ln the study of bony brean

I ife-history are as foIIoeJs:

a, Valldate scale-agelng agalnst another technlque - for

example mark-recapture 1n a snall conflned populatlon.

b, More aëcuratËIy eËtlnate ntortäI lty Pãtêsr Prlnctpally by

enlarglng sanple slze¡ reduclng selectlvlty of gear' and

tncreaslng repl tcatlon to provlde estlnates of vürlàn.lÈ.

G, Inprove teclrniquea of Etrlpplng gonadal products fron

riFË flsh, ln vltro fertlltsatlon and rearlng of larvae,
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to clartfy early development patterns, partlcularly ltr

the yolk sac stage.

d, De-¡crlbe ln relatlon to floodlng the successlon of

EeeÞIankters lnportarrt 1n the dlet of larval bony þreanr,

e. Examlne feedlng and surv lval of bony breant larvae '1t

dlfferent developnental stages ln relatlon to

success lonaI stages of zooplankton asserrtblagee '

f, Test the epannlng response of bony bream to hydrologlcal

.-iuËBr ln part lcular to the t lmlngr lntens lty and durat ton

of floodlng.

gr DescrlÞe the effects of nrycotlc der¡natltls eplde¡nlcs on

hony brean ¡irortallty rates and reproductlve output,

perhaps þy uslng ln - rlver enclosurea'

h, Uslng echosoundlng and trawlsr exarnlne the lnshore-

of f¡hore 'novenrents of the bony brean populatlon ln

responee to seasonal and dlurnal gradlerrts ln ütËan watËr

tenperature and tenperatqre varlance.

7-Z ths. El¡he.EJ.

The hlgh nortallty ln the 0+ year-class euggests that tf the

f tshery r{ere to expand substanttally - for exanple to

produce a canned or nlnced product - conslderatlon should be

gtven to focusslng effort on thts age-claesr pÈrha¡ru uËir1g

surface trawls.
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To deternlne'the effects of the ftshery on the adult bony

brea.n populatlonr age-structqre would have to be nonltored

over some years. Mortallty tn larger/older ftsh ls

relattvely low at presenti but populatlon stablllty ls

Itkely to depend on the nalntenance of a brood stock of

Iarge flshr tlhlch are htghly fecundr and wlII ttde over

years o f poor recru I tntent .

The flahery 1¡ heavlly dependent on the lakes envlronnent

both for the bulk of the catch and because of nråJt1¡ ËFåtnlitlÉ

eff thÉ lake ËhoreË, Greenhouse Induced sea level rtse

over the next 50 years (Barth a Tttus, 1984) nay necessltate

thË wlthdrawal of the þarrages' perhaps to Í.lelIlngton. Bony

bream are at present abundant [n the upper Coorong (HalI'

1986)' and are known to tolerate sea water sallnltles
(RueIIo, L976i Glover, 1982). Such a restoratlon of

estuarlne condltlons could be an effectlve way of convertlng

bony breanr blonass lnto blomass of nore contnerclalty

valuable estuartne specles, such as nulloway (Arqvrosomus

þ9-Ig-Lgp-lj.q!^gå), whlch at present utll lze bony brean ln the

Coorong (Hal1, 1986). Howevêrr sallnlty tolerances of bony

brean eggs and larvae and the ef fects of eallnlty ott

Bpawnlng behavlor are unknown. The lakes spawnlng ground

nlght be lost, and a }arge plsclvore Ilke the nuIlowày could

substantlally reduce the adult broodstock of bony brean.
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The Iakes and Coorong f lshery uses ¡nlnlnrurr gl I Inet me¡tr

¡ izes r¡f 50 nfrir whlch catch bony breanr of rL = IBB-z0g nn,

The medlan lengths at naturlty are lS9nm for nalesr lgltnn

for fenales, Sone reproductlon therefore ls taktng prace

ln ftsh below the capture slze, but pre-reproductlvê flr.h

Ë.rË al¡o be lng caught, Proportlons of f lsh caught

conmerctally [n the dlfferent nesh slzes through the year

need to be deternlnedr ard 1f the pre-reproductlve catch ts
hlgh, conslderatlon should be glven to l tf ttng the ¡rlnlrrun

rnesh s lze to 70 nrn.

A research prograîr lnto sorûe of the questlons ralsed by thts
study should be conslderedr for exanple:

a. t{ha.t le the overall pattern of spawnlng grounds ln the

lower Muruay, lncludlng the Coorong?

b. Í{hat are the saltnlty tolerances of bony breanr eggs and

larva.er úrrd the ef fects of hlgh sarlnltles on spawntng?

c. [,lhat are the seasonal and dlurnal patterns of moverilËnt

of bony brean Juvenlles and adults ln the lower Murray?

d. Are the lake and rtver populatlons genetlcalIy dlstlnct
s tocks?

e. How does the elze-structure of the connerclal catch

relate to the length naturlty relatton?
f . 9,lhat are the natural and f lshIng nortallty ratee in tttË
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populaüion?

g. [.lha.t are the present and fqture prospects for hlgher-

value connerclal usee (e,9, cannlng, plckl lng) of thls
re source?

Z*1 Bonv þË9ê.0, EE à fp¡gge. f I sh

Crlterta for evaluatlng the sultabtl tty of potenttal forage

specles have been developed for the Unlted States

lmpoundnent st,ocklng programs (Ney l98l ), Sultable specles

nust be:

a, Prollflc: Bony brean, wtth early naturlty and hlgh

fecundlty, have exceptlonal reproductlve potentlal.

b. Stable ln abundance: Bony brean catch ratee have been

relatlvely stable ln the last flve years. The longevlty

of bony bream provldes stabtltty to the broodstock' and

condltlons ln the lmpoundrrent envlron¡nents lntended for

stocking are llkely to be stable.

c, Trophlcal ly ef f lclent - l.e. f eed at a low trophtc

level: AduIt bony breanrr Ítor€ than almost any other

Austral lan freshwater f lsh, f uIf lI thls requlre¡nent'

d, Vulnerable to predatlon: Juvenlle bony brearn forn a

naJor corûponent of the dlets of nany of the maJor

freshwater connerclal spectes. However Iarge adult bony

bream are only vulnerable to top predators I lke Murray

cod, ¡nuIIoway, barranundl and artld catf lshes' Sltuatlons
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of over-abundance of Iargerr predator-free glzzatd shads

In tJnlted States lnpoundnents are no!{ dealt wlth by

stocklng top predators (NobIe 1981).

e. Non-ernlgratlng: Bony breamr pðrtlcularly Juvenllesr dr€

certalnly noblle 1n unregulated rlver systens' and are

effectlve colonlzers (Kowarsky & Ross 1981, Puckrldge &

Drewlen, 1988), However' slnce they are naturally

w ldespread tn nearl y al I Austral lan r{arnr{ater catchrnents,

such colonlzatlon should not nornally be cause for

concern.

t Innocuoue to other specles: Larval and luvenlle bony

brean are zooplanktlvores and so may conpete for food

wlth the young of other spectes. Effects on ühe survlval

øt la.rval ganre f lsh frorr conpetltlon by D.Alg.flg.tê specles

have been' debated (.Ienk lns, 1957; l'lorrls & FoIl lsr 197ît

Hydoakl & Bennett, l98l), However' several of the angllng

specles stocked ln Austral tan erarntwater reservo irg do uot

breed under lnpoundnent condltlonsr so Iarval

lnteractlons for those specles ðre lrrelevant' Furtherr

hony lrrean ha.ve the a.dvantage of belng lndlgenous to rìost

catch¡nents , and so the I arvae o f ntoÊ t I ocal PrËdðtor

åpËc1ëÊ should have adapted to conpete wlth larval bony

bream. Adu t t bony breanr be I trg utrusua.I I n AuËtt'å1 i¡.n

freshwaters as nlcrophaglc onrnlvorêsr are rarely ln
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trophlc conpetltlon wlth other tndlgenous specte=.

In additlon,

a, Bony brea¡n are pre-adapted to lrnpounded waters. Thelr

apa.wnlng 1s not flood-dependentr o.rrd lnrpoundrnent provldes

an enlarged and stable sedlment surface upon whlch to

feed (see also lll I ler 1960' ilacobs & Swlnk 1983) . Bony

breanr are apparently not dependent on hlgh detrsltleË crf

ð.quatlc nacrophytesr and f Iourlsh ln the open, less

vegetated waters often found ln Inpoundnents'

b, Bony brean are relatlvely free of parasltesr although

tfiey are found ln the lower Murray wlth occaslonal

trernatode cercarla (Puckrldger u[pub. data). HowevêFr

they are subJect to attack by the fungl ÊöpËg-L$gn[E and

ACbl¡¡,. The for¡ner ts specles-speclf tc, þut the lattËPr

whlch ls .connron [n warner northern waters, affects a

range of spectes, and could be a problen [n sub-optlmal

sonditions, AÊIgüg[gå by¡|fgpbfþ.' whtch ls comnon in

triycotlc ektn lealons of Þony breo.n, i¡ ålì in¡rot.tant fiah
pa.thogen ln Anertcan regervolrs (Hazen, Fllerrnanns,

Hirsch & Esch, 1978; Hazen, 1979r, and ntay also lnfect a

wlde range of vertebrate specles, lncludlng hurnans

(Shotts, Galnes, Martln a Prestwoodr t972; Brenden &

Hulzlnga, 1986),

c, Adult bony brean are not readlly nalntalned ln captlvlty
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(Puckrldger unpub. data), Thel.r feedtng rûodes BÌ-È

sklrnnrlng or pecklng the substratu¡n and mld-water fllter-
feedlng, usually ln schools. They are hlghty ¡noþ[Ier and

prolrably requlre Iarge feedlng terrltorles,. They show no

lnterest ln flne partlculate artlflctal dlets; lntenslve

arluaculture of the specles would probably requlre new

approaches to nutrltlon, However they flourleh 1n earthen

ponds and dans,
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APPENDIX I : Compos t t lon of preeervat I vee '

Buffered fe¡¡¡.Lt!,
Cone, formaldehyde

DlsttIIed water

Sodtun dlhydrogen phosphate

Dtsodtunr hydrogen phosPhate

APPENDIX I Page 109

100 ml

900 nI

3,5 gn

6,5 grû

(anhydrous )

(anhydrous )

Modl f led Gl Ison's EI-ULå

60? alcohol

Dlstllled water

80t nltrlc acld

Glaclal acetlc acld

Zlnc chlorlde

100 nl

880 nI

15 nI

18 nI

20 gn

109



APPENDIX II Page 110

Subn I tted to thÉ Àustr.rl i"rn rït¡urll-1l crf Harine .-itld

Frepåwater Researcl¡

Rcproductlvô btology of ã gtuzard öhad,

@ (Gunthcr) (Doroaonrtlnttt TËlcortl)r
tn the Rlvcr Murray, South Austral la.

qI. T. PUCKRIDGE AND K. F" 9JAtKER

Rlver Murrav Lahoratorv, ,Unlversltv of AdeIalde,

(Rece lved L I Ll I1988, Agç.Ê.p,LÊ.d.

AB3TRACT

The reproductlve blology of the natlve Australlan .bony

brean", Nematalosa ÊIf&-L, resë¡nbles that of other glzzat'rl

ahads, The bony brea¡n natures at a rnedlan age of Z-3 years,

spawns ( tndependently of floodlng) tn Decenber-January at

rrater temperatures of 2l-23oC and ls hlghty fecund,

BeproduetlvË effort lncreaaee wlth slze, The ova and larvae

ðre snal I, the yolk-sac etage ls brle f and developnrent 1r

typlcal of clupelds except for the fln-ray eequence. Sexual

dlnorphlsn does not occur, but fenales predonlnate ln the

largert slze-cIasEë8, In the regulated lower Rlver Murray,

)

I l0



APPENDIX II Page lll

catches of bony brea¡n are lncreaslng where those of ottler

natlve specles are ln decllne, Thls ls nore Itkely to be

due to an esceptlonal capaclty for populatlon recovèry than

to adJustnents of the spawnlng cycle ln relatlon to

env lronmental cues.
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I. INTRODUCTION

Tlre "hony hrËa.n" r üg¡¿[¿LÊE4 üÊ.þl (Gqnther) r occur= ln

slow-flowtng rlvers, lakes and lnpoundntentB ührougtlout the

tl;1rñÈr pÉrta of Àuetral la, It le a natlve nenber of the

gtzzard shads (Clupeldae: Dorosorratlnae)r a group cot'tlnon ln

r;oó.EtaI sha.Ilows and estuarles throughout the sub-troplcs

(MtIler, 1960i Nelson & Rothnanr 1973) and ln slow-flowlng

and standlng waters over nuch of North Anerlca (MlIler,

1960; Noble l98l), Glzzard shads are typlcally hlghly fecund

a.rrd ea.rly naturlng (Rao' 1965; Kllarnbl a BagI lnr 1969a,

1969b).

The bony brean populatlon of the lonrer Rlver Murray'

South Auetral la, ls of ecologlcal lntereet because lt ntay be

thê only la.rge natlve flsh speclee that has not decllned ln

abundance stnce the advent of flow regulatlon (cf,

Ca.dwal la.eler' 1978' 1966t Walkerr 1983, l986ar 1986b), Thls

ts desp t te the fact that the populat lon 1s eulrJect tit annu¡rl

epi,lemic¡ of nycotlc dernratltls (Puckrldge É ôI,, ln press)

that do not af fect the co-occurrlng speclee, The bony bre.tn

ËsÊtf,in8 a Iobster-balt flehery wtth an annual catch of 830

tonnee (South Austral Ian Departnent of Flsherlesr l:¡ðB) atrrl

l¡ lnportant also as a forage specles (e,9. MtIward, 1965i

f,leatherley, 1977r. Prlor studles of the blology rlf the
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B i alrop Êl. ÊJ.-,
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1967; Cadwallader, 1977 ¡ LleweIIyn, l9B:1i

1n press) have been lncldentaL

In thls paper rle examlne gonadal cycles, spawnlng sltesr
ser{ ratlo, egg and IarvaI developnent, fecundlty,

reproductlve effort and age/Iength-maturlty relatlonshlps

fr-r¡ þ-rç¡y brean ln the lower Rlver Murray, ú'le also rnake

conrparlsons wlth data for other glzzard shads to tdentlfy
the E,artlcular attrlbutes of bony breanr, and wlth data for

other natlve specles to elucldate reasons for the

conpa.rútlve abundance of bony bream In the regulated Murray

env i ronment .

II. I{ATERIAtS AND METHODS

SAMPLI NG

Samples were taken frorn the Rlver Murray at Zadows

Landlng <ZL) (34'58'S, 138'59'E), at the nouth of a

shallow þackwater, and fron an exposed shore near Polnt

Sturt (Pg) (34'58'3' 139' l8'E) ln Lake Alexanririna,

Ichthyopla.nktr.rrr tr*awls were nade also ln the Hurray below

the entry of a snall' lnter¡nlttent trlbutary, the Riv*r

Marne (M)r and ln a shallow lnlet at the mouth of the Flnnls

Rlver (F), a snalI trlbutary to Lake Alexandrlna (Flg, l),
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Sampl tng sras nonthly at ZL and Pg frorn Septenber 1983 to

December 1984 and frorr .Iune to Decenrber ln 1985 and 1986.

Seven 50 m gtllnets (20-110 mn ¡nesh), three selnes (2t l8

a.nd 130 nr lengths; 2r LZ and 30/50 nrn nesh) and an

lchthyoplankton trawl (0.5 m dlarneter' 500 un ¡nestr) were

used, OnIy tero of the seven glllnets (90, I l0 rrrn) were used

at PS and the 130 m selne eras not used at ZL. Dependlng on

the slze of the catch, elther the ent,lre catch or strattfted
randonr subsamples (slze-cIass lnterval 50 nn total Iength

(TL)) were retalned and processed on sIte. FLsh erere

measured (TL, length to caudal fork LCF and body deptlr,

accurate to I nn) and welghed (0,1 g) before dlssectlon.

The left and rlght gonads Ttere photographed l¡ ¿;LEE and

the 1r we lght (0,01 g) and wldth (0, I nn) deterrnlned before

transfer to Gllson's FIutd,

Routlne recorda were kept of wlnd nrovemente, water level,
erater tenperatuFê r pH, conduct Iv I tyr Secchl transt)arency antl

dlasolved oxygen, Day-Iength data were obtalned fron the

Comnonwealth Bureau of Meteorology' Adelatde and records of

wa.ter chentletry and dally rlver temperatures and dlscharges

were obtalned fro¡n the Englneertng & Hater Supply Deptr

Adelalde, The data were analysed uslng Mlcrosoft BASIC

conputer prograne wrltten by the authors or lncluded ln NÍJA

Statpak 3,1 (Northwest Analytlcal, Portlandr Oregon).
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REPRODUCTI ON

Gonacl:. wÉt'É rta.ged (vlrglnr nraturtng vlrgln, recoverlng¡

Bpent/developlng, nature rlpe and spent) accorrJltrg tÕ

e;ol our r B 12É r tÉ Hture and shape ; the stages were al so

vaI ldated aga lnst gonado-sonat lc lndex (GgI ) and ovurû-

dlaneter frequency (ODF) cycles.

Ovum dlameters were determlned frorn ¡naterlal preserved ln

GlIson'e Fluld, About 200 ova were rneasured for elght

randoml y se lected f enales each ¡nonth f or one yeðr, The ova

rlêrÉ f reed by shak lng, dl luted ln suspens lon to I I, re¡nlxed

and a lO-¡nl subsample taken for vlewlng wlth a Leltz Dlavert

conpound nrlcroscope fttted wlth a vldeo canera and nonltor.

Ova were measured (Iargest dlaneter) wtth electronlc
callpers recordlng fro¡n the nonltor ecreen to an Osborne t

¡n lcrocomputer v [a an Arlec MPF- I m lcroprocessor,

Spawnlng and Iarval development

Monthly between Nove¡nber 1985 and February 1986r ând

agaln ln Aprtl 1986r ten 3-nlnute surface hauls of the

tchthyo-plankton trawl were nade at 3-4 krn h-l tn nrtd-

afternoon on coneecutlve days at the four sanrpllng sltes.
Sanrples srere ftxed ln t0t buffered fornalln and preserved ln

70t alcohol Later the larvae were lmnersed tn glycerlne,

rneasured and drawn under polarlsed I tght. In thle tray
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serles were develo¡>erl f rom etnbryo= to ident l f iaþ1e

J uvenl les,

Fecund I tY

Ttre ñÐ.ttlr'Ê evð.rieË of 2,7 f lsh (c, 4 f lsh per 50ntn slze-

lnterval fron lS0rnnr upward) captured betweetr late 0ctOþer

ançl ÉÉ.rly Decenber 1983-85 were preserved ln GlIson's Fluld.

Fecundlty r{as deterntned Ì>y the volunetrlc nethod (Mason

Ê¡¡ AI., 1983). Ova of >25O um hrere counted as ODF analysis

showed that only these slere I tkely to be s¡rawne,l ln tþe

current Eeason, Subsatnples were repeated untll the 954

conf ldence lntervals for the mean were (tOt of thë nteüll

Age and length vs maturltY

The sexual naturlty of ftsh was assessed fron gonad

appearance'and the ntean gonadoso¡natlc lndex (GgI = 100 X

(gonad welght/body welght))r calculated nonthly for eaeh ¡er

and aize=elaåE a.nd valldated by ODF analysls' Records of

tog nean GSI per nonth were cottpared for fenalea )300 mn TL

fronr PB and ZLr uslng f lsh eelected frorn the October-

Decenrþer catches when the dtettnctlon hetwËËn naturtty and

inns.turity waa elÊarËËt, Age deternlnatlon-q were based on

scale readtngs supported by tength-frequency analyels

(Puckrldge e Walker, unpubllshed). The frequency

dtstrlbut lons of s lze-classes of f lsh used were natchetl to
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those of the 130 m se lne catches f or thls perlotl' because

these nost closely approached a randon sanrple, The age vs

percent naturlty and class mldlength vs percent maturlty

relB.tlon-:. for each ser were analysed followlng LesI ler Perry

& l,latson ( 1945 ) .

III. RESULTS

GONAD MORPHOLOGY

The gonads of þoth sexes are palred and elongate,

sonetlnes encased 1n fat deposltsr enclosed by the

Þerltotrêlllfir and open externally through short, pâlred

gonadal ducts. The Ieft lobe norrnally ls the larger ln both

sexes. The slope of the regresslon of left vs rtght gonad

welght was stgnlftcantly hlgher for fenales than nales (À-

statlstlc, P(0.001), lndlcatlng that the left lobe ls

relatively heavler In females.

SEASONAL CYCLE

In 1983-85 GSI of bony brean at the rlver slte <ZL>

showed a dlstlnct seasonal cycle wlth a peak ln Novenrberr ãt

¡{ater tenperatures of l9-2OoC (F tg . 2A) and a day-tength of

14 h (Ftg, 2B)' and up to telo nonths after the seasonal

f Lood peak (Flg. 2C). The pattern tras eynctrronlzed (tsr

wlthtn a nonth) both for thÉ ËËuÊË Ê.nßl the rllfferent Ë12Ê=

rt7



F
¡J P
.

9q c€

M
ea

n 
G

S
I 
(9

,T
L 

>
 3

00
m

m
)

¡lt
ltl

lll

M
ea

n 
G

S
I 

fT
L 

>
 3

00
m

m
)-

q¡

ltt
¡a

t
t,a

,a

o
N o

o o
ø o

o o
M

ea
n 

D
al

ly
 D

ls
ch

ar
ge

o (M

M
ea

n 
G

S
I 
(9

. 
T

L 
>

 3
0O

m
m

)
o

o
o

@
(¡

)

',h
.

ø o z o q 'n 3 =
(o

L
@

c
5

U
> o z o L 'n a

(o
L

@
g

(,
t

U
, o z o

g 
g-

E
 ä

 ñ
op c^

)5
aÈ

ø
ø

oc
f)

P
A

U
)

ts
Ð

.5
F

vH
oo

oo
o|

'c
0ó

õo
Þ

O
Þ

5H
F

ö
cf

O
o,

òo
.F

rc
l-Þ

pã
þõ

ct
+

-:
ts

A
p.

H
H

< I 
À

ãf
f 

d
qP

.P
o

cf
nd

P
'Þ

ro
es

g
!lc

l-Ø
pp

pc
rc

f
h'

tt-
F

,
'q

È
o

Þ
oc

rÞ
P

p,
-ö

çt
E

O
P

E
Þ

ts
cF

\J
P

oH
rÈ

'¡
P

.F
t-

ro
p

o.
òo

óF
JÊ

,
(D

c)
i+

o
.h

-i-
Ø

{
t\Þ 'F

rP
'Û

1
ro

S
r{

co
an

Þ
¡h

Þ
Þ

È
K

ol
''

Þ
-p

5
5r

yq
Ð

cr
ç< B

U

¡ 
l 

l 
l 

t 
I 

I 
I 

t 
t 

tl 
¡ 

llt
 

t 
I 

t

-,
,.:

:-
t*

'

N @ lt

N o
N

@
oã

ói
M

ea
n 

D
aY

 L
en

gt
h 

(h
ou

rs
ltt

rt
ttt

rr
N

O
t

o o
M

ea
n 

M
on

lh
ly

 W
at

er
 T

em
p 

(o
Q

),
,',

,
al

irl

tll
la

l

t 
t,,

, 
r,

,

| 
| 
tll

lll
¡l 

lll
ll¡

l

ttl
ll



APPENDIX II Page tl8

classes. It was repeated at the lake slte (PS)r although

the pealc log ferrale GSI r{ae slgnlflcantly hlgher (palred f-
testr P (0,01), At nelther stte trae there any ûpÞarÉnt

ad¡ ustrrent of the GSI cycle tn response to f I ood t 1n Ing,

Vltellogenesls apparently beglns ln Septenber-October

(sprlng)i naturlty ls attalned ln November-December and

spawnlng occurs ln Decenþer-February at nater tenperaturËE

of 21-23oC (TabIe 1). ODF analysls conf lrrns this
lnterpretatlon (Flg, 3), Fron the background of prlnary

oocytes (nean dlameter 104 um), vitellogenic ova ( )25O um)

flrst appear ln suþstantlal numbers tn October, In

Decenrberr spawnlng beglns to deplete the nature eggs and

thls process ls substantlally conpleted by,January, Only

onê naJor cohort of ova separates fron the reservolr of

prlnrary oocytes durlng the cycler ôIthough a few lriaturë=ËiEË

öocytÊE are ÞrËsent ln sone lndlvlduals nuch later ln the

year (March, July and August),

SPA$'NING

Spawnlng was not dlrectly observed and attempts to rear

artlflctally-fertll tzed ova were uneuccessful, Fenale flsh
t{ere rarely encountered 1n rtpe condltlonr but most ¡nales

¡nalntalned thts condltlon throughout the breedlng ãËåtotì,

At only one slte dld lchthyoplankton trawls yteld

lt8



APPENDIX II Page 119

TABLE l: Gonad states of bony brea¡n ln 1983-84 at 7,L.

Note that appearance ls recorded Lu- EttI¡, and colours .dlf fer
when the gonads are dlssected free of the perltoneum,

Length/

:::::_____:::__::::::::-_::::::::::_____ __::::_:::l::___
Vlrgln F Grey, translucent thln Zl3

str lps
M Colourless to grey-whlte Z/3

str i ps

Matur lng
Virgin

Recoverlng F Apr-Sep
Spent /
Developlng M Apr-Sep

Mature F Oct-Dec

*Ripe

M Oct-Dec

F Dec-Jan

Spent

M Dec-,Jan

F Dec-Mar

M Dec-Mar

F Apr-Aug Plnk-grey, translucent, flrn
M Apr-Aug Creamy plnk,

Orange-p Ink r
f Ir¡nr qu I I ted
Creany plnk,
opaque

Gre y-
trans
Ptnk
flacc

opaque, f tr¡n

trans I ucent r

f lr¡n, snooth,

3t4

3t4

4/5- 1 .0

4/5- 1 .0

1.0

1.0

1.0

0

Yel Iow-orange, bloodshot,
granular, opaque, gulltedr
d i stended

Creany whlter turgldr blocky

Translucent [n patches, I lght
yellowr qullted, dlstendedr
ova distlnct

Creany whlter turgld, blocky { I

Ipt
Iu
to
id

ok' rdatery, senl-
cent, flaccid
dark plnk, brulsedr

0

t.0

*Gonad products extruded on pressure

I t9



OctobelI 983

ovember 1983

December 1983

January 1 984

February 1984

March 1 I B4

April 1984

F .- 34um Intervals -- äo (Ova DíametersJ S

May 1984

June 1984

July 1984

August 1984

September
1984

C
o

(-
Ø

LL

@

o
CNc
(o
0)

()

o
f,o
o
tl.
o

(ú

õ
E

t

3-3aFm lntervafs+
o,q)

(Ova Diameters)
(o

I
r¡)
(o
(o

Fig. 3 Size-frequencies of bony bre¡m ova (Zadows

Landing and Point Sturt, 1983-84).



APPENDIX II Page 120

substantlal numbers of ova; thts was off a sandy shore wÉËt

r-1f tfE Ëó.rly in Fel¡ru,:.ry l9È6 (F lg, 4), The catch/ef f ort of

Þony þream larvae ttlere was hlgher than at ëithËr of thË

r'ivÉr ¡ltes or at the other lake slte

SEX RATIO

The ËÊHer lrr bony breanr are externally lndtstlngulshable.

Nor ls there a slgnlflcant dlfferetrce ln tlrË rlopea of tlrè

Ierrl lrodT length v3 log body depth curves for the two sexee

({-statlstlc; P >0.05).

In tl'¡e ll05 flsh ÉËanlned the ratlo of males to ferrrales was

0,86 and slgnlflcantly dlfferent fron unlty (Chl-Ëqqaredr P

(0,05), At both PS and ZL fenales were slgntf lcantly îrore

abundant ln the largest stze-class (TL )350 nn) than overall
(Chl-squared' P (0,001), Howev€rr they ¡tere less aþundant

than males [n the ntddle slze-c1ass (250 (Tt (350 rÍrÊr Chl-

aquaredr P (0,01) and of slnllar abundance ln the lower

slze-class ( 100 (TL <250 rìtrrir Chl-squared' P )0,05), The

fenale to nale ratloe for the pre- and non-spannlng perlods

are slgnlflcantly dlfferent (Cht-squared, P (0,001)' wlth

hlgher catches of fenrales ln the pre-spannlng perlod and

htgher catchee of rrales ln the refitalnder of the year'

EGG AND TARVAL DEVETOPMENT

120
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Bony brean ova are spherlcal, wtt,h a snooth chorlon and

flrrely-segnented yolk. The water-hardened ova collected by

tchthyoplankton trawl (F tg. 5) had a nrean d laneter of

0.829 nrrr (1 0.016 95?- CI, n = 4L>t these were at least seni-

buoyant r ås the traerl was f ronr the surf ace, NetrI y-Etr iÞÞË.1

water-hardened ova erere of s l¡n11ar dla¡neter

(0.834 t 0.036 nÍìr n = 16), but were denersal and adhesive.

In the trawled ova the yolk dla¡neter r{aa 0,54 nn and the

chorlon thlckness c, 0.010 ftïrr leavlng a perlvltell lne space

of 0,l4 Ínn. The ova typtcally contalned a slngle large oll-
droplet (dlameter 0.26 mrn) r¡lth the mlcropyle clearly
vlslble alongslde. An extra-chorlonlc Iayer was revealed by

attached sand gralns, Twenty percent of the trawled ova had

clearly recognlzable enbryos and the nore hlghly devëIoÞed

showed eye plgrnentatlon and a ventro-Iateral Ilne- of

melanophores (Flg, 5C). The largest enbryo found wae 2,5 nnr

TL and the snallest free larva was 3,5 mn TL; the slze at

hatchlng therefore probably lles between these flgures,

The larvae of bony brean, smelt (Retronlnna senonl) and

western carp gudgeon (tl¡p¡SLe-q[fl¡ klunz I nserl ) conprtsed

alnost all of the trawled catch, Western carp gudgeon

larvae can be dlstlngutshed from those of bony brean by body

aha.pe and nean nyonere count (31 ! O.97, n = 8; cf .

44.7 I O.53 for bony bream, n = 33, with pre-anal count

L2l
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Bony bream ova and embryos from ichthyoplankton

trawls (Point Sturt, February 1986).
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38.5 I 0.83). The larvae of snelt have an eel-l ilce f orn

s I nr I lar to that of bony bream larvae (F 1g, 6 ) ' .1nd ]rottt

ð.bac,rb the yolk Ëac earlyi hence dlscrlnlnatlon of these

nust be based on nean myoÍrrere counts ( 53,6 I o. 95 f or sme I t,
n = 9), Af ter dorsal f ln development hag begutr smelt an¡l

bony brea¡n can be readlly dlstlngulshed by the relatlve
posltlons of that fln and the anal prlnordlun along the

úntËrlor-posterlor axls (1n gneIt, the dorsal overlaps the

anal f tn; ln bony brearn lt does not), Although thls

cle¡crlptlon ts lncomplete because yolk-sac Iarvae were not

collected, the sequence of naJor changes ln larval
development 1s clear:

(l) The yolk eac ls largely absorbed by 3.5 nm TL.

<2> The caudal and pectoral flns develop rays.flrst at

åFproElrnately 3 nn TL, The doreal fln follows at

7 ftftr the anal f tn at lt nnr ånd the pelvie f in at

l6 nrn,

(3) Throughout larval developnrent nelanophores are

present tn a I lne along the dorsal border of the

gut, After 6 nlnr TL a stngle melanophore becornes

obvlous ventrally and lnnedtately anterlor to thë

cle ithrunr âtrd a palr appeare ventrally l¡nrnedlately

posterlor to the cIe lthrunr. A f lne nld-ventral

122
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Ilne of melanophores also appears along the

hlndnost 2/3 of the gut.

(4) Caudal flexton of the notochord beglns at l0 mn TL,

(5) Anterlor nlgratlon of the anus and the dorsal and

anal fins is noticeable at 17 mn.

(6) Flrst scalatlon appears along the lateral llne at

26 mm and ls conpleüe by 35-40 rnm,

FECUNDI TY

Fecundlty (F) rlses fro¡n 33'000 for a flsh of 199 nm TL

(body welght 88,9 g) to 880'000 for a ftsh of 403 n¡n Tt

(595,4 g), These estlnates are derlved fron the equatlons

Ioglg F = -3 .923 + 3.725 ( loglg TL)

(n = 27r ,2 = 0.88, F-test, P (O.OO1)

and loglg F = 2.188 + 1.290 logtq (body welght)

(n = 27t ,2 = 0.91, F-test, P (O.OO1).

A Iog-Iog equatlon best descrlbes the relatlon bettrËen

fecundlty and gonad wetght' but lt ls ltttle dlfferent from

the equatlon for untransforned data (r = Q,92). Thus

Ioglg F = 3,822 + 1,131 log19 (gonad welght)
(n = 27, ,2 = O.95, F-test, P (O.OOI).

r23
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There ts a stgnlflcant relatlon between fecundlty, body

weLght excluslve of gonads and TL, vlz

F / (body tletght - gonad welght) = l17'58 + â'Fr4 TL

(n = 27t ,2 = 0,28r F-test, P (O.Ol),

Log-Iog plots of GSI ve TL yleld hlgttly Elgtlifit:;rtit

regresslons for ¡naIes and fentales (respectlvelyr tr = 87 t

= O.32, F-testr P <O,OOl; n = 154, ,2 = 0,68, F-test, P

(0,001), Tlre åloÞË 1e slgnlf lcantly greðter f or f enales

srarlstlcr P (0,001), lndlcatlng a nore rapld rl¡e in GBI

wlth body slze.

(f,-

TENGTH AND AGE AT FIRST MATURITY

For both'ãêtËãr plott of percent ïtature f lsh ln a length-

group agalnst the ntdlength of that group produce Ëignctidf,I

GurvÊa (Flg, 7A), Many males nature at a snaller TL than

females, but the ¡nalee also ntature over a grËatËr rðngË .lf

TL, Frolrit analyats shows a elgnlflcant dlfference between

the lntercepts of the curves for ¡nales and fenale=r hut nrlt

lretween thË slopes (Ftg. 78), The medlan lengths at

naturlty f or males and f ernales are 159 (95t conf ltlence

I intit¡ 144=175) nm TL and 199 (180-234> ntn TL respectlvely,

Slnrtlarlyr ln a plot of percent nature ftsh agalnst 
"ì.9Ë

2r

t24
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(Ftg. 8A), males nature earl ler þut nale nðturatlon ectetrds

rrvèr a greater range of ages, In thls case' however, the

problt-transforrned data for the se¡(es dlffer ln both

lntercept and slope (Flg, 8B), The ¡nedlan ages at naturlty

are 2.4 (95t conf ldence I l¡nlts 1.6-3.4) Y f or nales and 2,7

(2.4-3,6) y for fenales, Even sor one nale nratured ln the

f lrst year at a total length (LFM) of L26 hrìrr and one fe¡nale

ln the second year at 155 nìm,

rv. DIscuSSIoN

Irr bony breanr ds ln rûost glzzard shadsr the sexes are

externally slnllar (MlIIer, 1960; cf, Bodola, 1966), The

n'=IÉ: f emale rat lo of 0,86; I report,ed here contrasts wl th

that of 1:1 reported for bony þrea¡n ln northern Austral la

(Blehop Êl. ÊI,, ln press)r and wlth 1,6:l for [, gÊ.pf,ll,Lo[.]¡.t

(Jester & '.Iensen, 1972r. In both bony brean and

E, ËÊEfÊd,Lô[l¡Jû' howevêrr there are more fenales ln the

Iargest slze-ranges' suggesttng that the se¡(es nay have

dlfferent growth or nortaltty rates. The predornlnance of

males ln pre-spawnlng catches nay artse front seasonal

behavloural dlfferences that cause thern to outnumber females

on the spawntng groundsr äs for DgIg.Êg-U¡. spp. (9üarner, l94l|
.Jester & ,Jensen, L972i Bodolar 1966). The presence of nales

runnlng rlpe throughout the breedtng season (as ln
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4., EÊ.Lg.[Êff¡.Ê., .Iohnson, 1971) suggeste thåt muItlÞIe ttðtltlgú

F¡y nales nay be conmon, Thls would deplete the male

populat lon of non-spaetnlng areae I tke ZL. Unf ortunatel! rltl

equivalent =lze-dlstrlþutlon (and hence a conparlson of the

sex ratlo) ls not avallable for PS, whlch ls close to ú

known spaernlng ground.

The fecundlty of bony brean [s hlgh (cf . Lake, 1967',

Merrick & Schnlda, 1984; Btshop Êå AI,, [n press) and

Éïceeds that of other glzzard shads (Chubb & Potter, 1984;

Rao, 1965; Kl lambl a BagI lnr 1969b) except 0., qÊ.pÊ{tð¡¡lLü,

(Hllanbl A Bagllnr 1969a), The bony brean also shows an

exceptlonal rate of lncrease ln fecundlty wtth body slze,

Egg,slze evldently does not change slgnlflcantly wlth body

slze -- hence the trlvlal dlfference between the

untransforned and Iog-log equatlons for fecundlty vs gonad

wetght (cf. Mann e Htlls, 1985), Other relatlonnhlpe

denronatra.tË that reproductlve effort lncreases wlth slze,

and that fenrale ef fort lncreases nore rapldly than that of

nales, The rate of change of reproductlve effort wlth slze

ev ldently depends on Iocal condlt lons and/or stocksi ËotrÊ

poÞulðtlone of 0.. ÊÊ.Ef,$t-tr¡¡¡q show an lncrease (Fagan a

Fltzpatrlckr 1978) and othere a decl Ine (BodoIar 1966¡

.Jeeter & ,Jensen, L972i Sheltonr L972r.

Bony bream tn the lower Murray spa$tn ln December-Januðt'f r

r26
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Iater than in New South f'lales (October-Dece¡nber: LIewel Iynr

1983)' but at the eane tlnre as N., ¡Ll¡¡.lggbl ln the Swan

estuary (Chubb & Potter, 1984). Bony brea¡n ln troplcal
Aqstral 1a show I lttle spawnlng seasonal lty, although there

ls a peak In the early wet season (Blshop gL ðI,, ln prees),

Floodlng ls not an essentlal cue to spawnlng¡ as lt ls for
certaln other Murray specles (cf. CadwaIIader, 1986),

Incleedr bony brean are known to spar{n ln lsolated water-

bodies renote fro¡n the tnfluence of any floods (Lake, 1978i

Puckrldge & Drewlen, 1988). The present data suggest no

adJustnent of the GSI cycle to flood tlnlng. Floodtng nay

enhance recrultment, howev€rr by expandlng and lrnprovlng

luvenile feeding habttat (Puckrldge & Drewlen, 1988).

For bony bream, Lake Alexandrlna (PS) nay be a better
breeding envlron¡nent than the main channel of the Mumay

<ZL>i thts ls suggested by the hlgher peak fenale GSI and

catchleffort of larvae at the lake site. Open, sandy

shallows appear to be the prefemed spawnlng habltat tn the

Lower Murray, but in reaches of the Mumay-Darllng systetn ln

New South 9,lales spawnlng reportedly occurs ln schools in

shallow backwaters (LIeweIIyn, 1983). In northern Australla
epawnlng nay Þe concentrated ln nuddy Iowland Iagoons

(Bishop e.f ôI., in press). 4.. eg.pg-dl3J¡¡UL and 0.. Þetenense

also spawn ln backwaters or lake coves (Jester & üensen,

t27
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1972i Shelton, 1972i Llttle5ohn qL ðI. ' 1985). UnI lke D.-

EÀt_É.nenÊ_Ë_ (Gerdes & Mc0onneI I ' 1963) ' the bony brearn does

not appedr to spawll near ãqu'1t1.1 vËgÉt+tl¡rn'

Sone gizzard ËhaclËr I lke the bony brean, spawn only a

s tngle batch of ova (Anntgerl, 1967i tlrltlrlr g< FottËt'¡ l9È4) r

othÊrË Épawn serlally (BagI ln & Ktlantbl, 1968i ilohnson,

197ll AnnlgerI, 1967). The mðJor stages In gonadal

developnent for bony brean show typlcal dlagnostlc features

(e,9, Pollard, 1972r, and reeenble the hlstologlcslly-lrated

ËtË.ging de¡erlbed fc¡r l|-J.A.U|qghl (Chubb & Potter, 1984),

The preeence of nrature-slzed oocytes ln sontË ltrdlviduala

late ln the year (March' JuIy and August) suggests elther a

capaclty for opportunlstlc spawnlng or lnconplete atresla
(eone speclnrens were f ound wlth hardened egg-tnasses),

The snooth chorton and flnely-segnented yolk of bony

lrrean ova l¡ typlcal of clupelds (McGowan & Berry, 1984),

Although LleneIIyn (1983) suggested that thË ovü wËFË aeni=

þuqryðntr they apparently have an early derrrersal and a later
pelaglc phase naktng bony bream, Ilke 4., cËnË.d-lå.ullfi,r litho=
pelagophtls Ê.Ê.¡¡tlt Balon ( 1975).

The plgmentatlon patterns, body shaper gaÞ between

dorsal and anal flns and forward nrlgratlon of the anus ln

bony brean larvae are also typlcally c:lu¡re lcl (Mr:Grlwan &

L28
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Berry, 1984). HowevêFr the rate of absorptlon of the yolk-

Ë'-1Ê in bony brea¡n after hatchlng ts e¡rceptlonal (conrplete by

3,5 Inm TL), as D. qgEq.d-[.å.UlÀ-U. and 4., Þetenense reta.ltr It t.]

at least 5 nn TL (Shelton & Stephens, l9S0) and A, chacunda

retalns tt untll 5 nn Tt (ThangaraJà & Ramanoorthl, lgB0),

Thls nay lndlcate a relatlvely rapld deveroprrent rate ln

bony brean embryos and pro-larvae, but thts awalts

r;Grrrfirnatlon, The early developnent of the pectoral fln-rays
ln bony brean Iarvae t s aI so unusual anrong cI upe lds (McGowan

tt Berryr 1984)r although observed ln A----chacunda (Thangara¡a

& Rama¡noorthl, 1980) , As the larvae are snal l and ttìe yolk-
Bac Btage ls brlefr the survlval of bony brean larvae*nust

depend acutely on zooplankton denslty at flrst feedtng (c,f,
Arunugan'& Geddes, 1987).

Although lt ls connon ln ftsh blology to use an.age at
flrst naturtty' lndex (AFM/LFM), thts lndex says Ilttle
about the age (or length) - maturlty relattonshlp, Further,

the tndex ls sensttlve to sample slze. Probtt analyses

of fer usef ul supplenentary lnf or¡nat lonr as they allow

statlsttcal conparlsons between regresslon relatlonshlps and

provlde a nedlan length (MLM) or age at maturlty.
Generally, howevêrr only AFM and/or LFM data are avallable
for other glzzard shads, cornparatlve LFM estlnates for bony

brean ln the Murray ln New South Í.lales lnclude an lrnprobably

129
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low 70-80 nrÍÌ Tt In the f lrst year (Lake, 1967; CadwðI Iaderr

L977 i Ca.elwallacler & Backhouse, lgB3). In comÞarlson, Btshop

Êl AI, (tn press) reported tFM values of lb6 tnn for nrales

and 168 nrn f or fenales ln the lr f lrst year tn Mage1a creelcr

Northern Terrltory, conparlsons wltt) LFM antl AFM rleta frtr
other Dorosonatlnae (ilacob, l948i Tho¡nson, lg57 i Berry,

1958; Bodolar 1966i ,.Iester & Jensen, L97Zi C[¡ubb & pottÉFr

t9ð6) ¡how that bony brea¡n conforn to the glzzard shad

pattern of early naturlty,

The bony brean ln nany respects ls a typtcal glzzard

shad. It natures earlyr has snalI ova and larvaer tro

enternal geuual dlrnorphlsnr and favours warn, shallow

waters. It ls unusual ln certaln features of larval
developnrent and ln lts exceptlonal fecundlty.

rnterestlng conpartsons may be drawn between bony breerr

and other epecles nd,tlve to the lower Murray. It has been

suggested (CadwaIIader, 1986; Plerce e Walker, in preat)
that the decllne of populatl,ons of Muruay cod

(@ pÊ.ÊIL) and freshwarer carf tsh L[4glå¡¡¡¡.A
tanrlanus) ts due to fallures ln recrultnent, Although

spawnlng by these spectes ls not flood-cued, IarvaI survlval
1¡ flood=depetrdent and alnrost certatnly there 1s extenslve

Iarval nortallty due to changes tn fIow, populatton¡ of
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callop (I|OCS-U-ALLO. ô.8þlSJ.0,) and sllver perch (Eld¡¡¡f¡¡,¿

þ.Ld.yÃruLt), ln whlch spawnlng 1s f lood-cued, have adlusted

more successf uI Iy. Curlously thenr the bony brea¡n ln

whlch spawnlng ls not flood-cued, whlch has snalI larvae

having a very brtef yolk dependency and whlch epalrns 2-3

months after the usual flood peak ls flourlshlng ln the

regulated flow envlronment of the lower Murray. Thle ls
IlkeIy to reflect a superlor capaclty for populatlon

increase. Both Murray cod and catftsh nature Iate (age IV-V

for cod (Cadwa1lader, L977)¡ III-V for catftsh (Davls,

1977)ri they also have Iow fecundlty (cf, Lake, 1959i Davlsr

1977) and so cannot recover rapldly after prolonged

recru itment fai Iure.

Thls proJect.Is based on work for a Master of Sclence degree

undertaken by JTP and supervlsed by KF9J. It Í{as funded by

thË Flrhlng Industry Research Trust Account and the

Unlverslty of Adetalde, Ruth Evans drafted our dlagramsr

Lance Lloyd' Bryan Plerce and Andrew Boulton ¡nade helpful

connents and a host of frlends, notåb1y Jack Porterr gâvê

essentlal help ln the fleld. He especlally thank Lena

Laplnskl for lnvaluable asslstance of many klnds.
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F iclures

Sampllng sltes on the Iower Rlver Murrayr South

Austral ia.

Mean GSI of adult bony brea¡n (Zadows Landtng,

1983-84) plotted agalnst data for sltes nearby:

(a) vs nean nonthly water tenperature at Mannun,

(b) vs mean daily discharge at Lock l,
BI anche town,

(c) vs mean day length at Adelalde.

Slze-frequencles of bony þrean ova (Zadows

Landing and Point Sturt, 1983-84).

Catches of bony brearn ova and length-frequencles

of Iarvae ln tchthyoplankton trawls (Polnt Sturtr
1985-86),

Bony brea¡n ova and enbryos from lchthyoplankton

trawls (Point Sturt, February 1986).

Bony bream Iarvae frorn

(Point Sturt, February

lchthyoplankton trawls

1986),

Percentage nature bony brea¡n vs rnldlengths of

total length classes (Zadows Landlng and Polnt

r4l
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Sturt, October Decentber 1983-85) : (a)

untranaforned data and (b) problt-Iog transforned

data.

Percentage nature bony brean vs age (Zadows

Landlng and Polnt Sturtr October - Decenber 1983=

85): (a) untransforned data and (b) problt-Iog

transformed data,
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APPENDIX III

Hycottc dernatttls 1n a freshwater gl.zzard shadr

the bony brean Ng.UAt¡,Le¡Ã Ê.ËSÞI (Günthcr)r tn thô Rlvcr

Murrayr South Austral la

.I. T. PUCKRIDGE and K. F. $IALKER Pluer Mrrrrav [,ÂhôPetôlñv^

lln t vers I tv of Ade 1a lde .

South Austral la

,J,9, LANGD0N Àustral Ian FIsh Heal th Pef er^encc f .aharetôr rr ^

Deoarrrnenr of Àqrlculture. EgnALI¡¡- I¿LgEÊLLÉ.

Tn*t-It-ute of l,ledlcal Vct-cr I narv Sc I enee -

South Austral la

G.[I, BEAKE3

Newcastlè uoon Tvne. Unlted Klnqdorr

Thc [In I verE I tv ^

Abstract- The lower Muruay populatlon of bony þrean ls

subJect to an annual epldernlc of the oonycete Ê¡pfgLe-gÂl,n

(prtnclpally g.- qöIiEItLCA.) and the bactertun èË.Ë9.üg¡¡åå

bfdfgpbf[a. The epldenlc 1s specles-speclf tc; lt af fects

matnly adults whose suscepttbtl lty nray be lncrease,l by

stress due to wlnter cold. Leslons occur on the mld-flank

and are charactertzed by an external rnycel lurrr, êÞldernal

eroglonr scale loss¡ hypodernal and nuscular oedena,

hae¡norrhâgêr myof lbrat degeneratlon and by the presence of

$¡nfg]ÊS!,¡¿ hyphae at all stages of lnfectlon. Although
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4.. b.yd.Ëgpbll¡. ls corrlmon [n advanced leslons there ls no

=igrrlflca.nt systenlc bacterlal lnfectlon. Thls appears to be

a pr I rnary nycot lc dernat I t I s and 1s noteworthy becauae

Ê¡nf.A.LSSf.[ô. 1s loest-knonn as a secondary pathogen,

Correspondence: .I.T. Puckrldge, Rtver Murray Laboratory,

Departnent of Zoology' Unlverslty of Adelalde, GPO Box 498,

AdeIalde, South Australta 5001r Australta'

Introduct Ion

Oonrycetea of the genus Êg¡Ë.qLÊSil.q lnclude a nurnber of

facultattve pathogene responslble for saprolegnlasle tn

fLsh, Most outbreaks foIIow bacterlal or vtral Infectlon
(Egusa e Nlshlkawa 1965t ÍJtlloughby 1970; Bekeslr Kovakg-

Gayer, Ratz & Turkovlcs 1984)' lnSury to the eplderrrrls

(Whtte 1975i Plckertng & $ltlloughby 1977) or condltlorË

É.EEoclated wlth captlvlty (t'¡tlloughby & Plckerlng 1977,.

Copland e tltlloughby 1982). These lnfecttone nornally are

alngle or eporadlcr although there are reports of regular

lnfectlons ln wlld salnonlds subJect to spawnlng stresË

(Ne ish 1977 i Rlcharde e Plckerlng 1978; Plckertng & Chrlstle

1980), Ê.- paf¡¡ltrLg4 ls the dorrlnant Saprolegnlacean ln

the¡e infectlons ($lllloughby 1978i Íùood' Hllloughby & Beakes

1988).
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The baeterlun AË.Eg.Eg¡Eå b¡¿d.etr.pf¡il¿ n,-ty he É ËË.::Èncl.1r'y

invader of leaion¡ (Hunphrey 1985i Menasveta lgBb) or a

prtrnary ÞathogËn ln EyËtËnlc anrl lntegunerltÉI'1, infet::titna of'

f teh subJect to spawnlng, ther¡nal or Iow-oxygen etresg
(Rfchards & Roberts 1978i Esch & Hazen 1980; Nleto,

Corcobado, Toranzo & Barla 1985).

Where both f,. hvdrophlla and Ê.ð.pËg-Lggglö. spp, have

occurred ln an lnfectlon prlmacy usuatly has been attrlbuted
to 4., bfdfgphuÀ (Egusa 1965i Thorpe & Roberts l97?i Innan &

Bland 1981; Calllnan 1985). In the one reported exceptlon

known to us a case where À, bI$¡gLhlLõ. was assoclated

wlth an otherwlse typlcal sal¡nonld saprolegntasls (Rlchards

& Ptckerlng 1978) -- bacterlal sanples ,were not talcen fron

tntegunentary les lons.

Thls paper reports a further exceptton that occurs

regularly ln a wtld populatlon of an Australlan freshwater

f lshr the bony brean (Ng¡ÀtÀIgÊÊ, erebt (Günther) ), Thls

specles, a gtzzatd shad (Dorosonattnae)r ls the rfiost

abundant flsh ln the Rlver Murray ln south Australla, where

It ls netted as balt for a narlne rock-lobster flshery.
Flahernen ln the reglon'have notlced fungal lnfectlons ln
Iate wlnter or early sprlng slnce at leaet the tg40e (L,

Grayr Menlngle¡ 3, Aust. r pers, comn. to .ITP). Herer erê

tdentlfy the prlnclpal pathogens and descrlbe the Þathology
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and eptzoottology of the lnfectlon.

Me thods

(1) Sanrpltna

Bony brean nere obtalned fron Zadows Landlng on the lower

Murray (34' 58'S, 138' 59'E), Sampl lng llas ntonthly and

contlnuous fron Septe¡nber 1983 to Decenþer 1984r but

thereafter conftned to the eptzootlc and breedlng seaeong

(June to Decerrber each year untll October 1987). Seven 50-nt

gtll nets (nesh 20-llO nrn) and three gelnes (lengths 2t 18,

130 mi neshes 2¡ lLt 30/50 rrifit) rrere used' Sanples

conprlslng elther the entlre catch or etrattfted randont

eubsanples (total length (TL) slze-class lnterval 50 ntn)

were retatned, Infected and healthy ftsh were handled

sËparately,' All f lsh lrere neasured (TL to I nn)r wêlghed

(0.1 9), and the gonads dlssected and wetghed (0'01 g).

AnalyÉes enployed cotTrputer-hased statlstlcal packages (BMDP

Stat tst lcal 3of tware 1987; NtlA Statpak 3' l, Nortlr-Úlettêt'n

Analytlcalr l,lashlngton) and our own prograne ln Mlcrosoft

BASIC. The Gonado-$ontatlc Inder

GSI = 100 (gonad wetght)/(body wetght)

and a Condltlon Factor
Eâ

lO' (body welght-gonad wetght)/(total Iength)"

were routLneIy calculated.
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[,fater tenrperatuFê r ÞH, conduct I v I ty, Secchl depthr

¡llesolved oïygen and rlver levels were monltoréd on each

sampllng occaston, and supplenrentary records of tenperaterër

rllncharge, water chenrlstry and organo-chrortne pest lclde
concentratlons were obtatned fro¡n the Englneerlng a gfatër

Supply Dept, Adelalde.

<2> Mrce.Iss¿

l.lycel laI sanples fro¡n Ies lons were cultured on

chloranphentcol-cornneal agar (250 ng chloranphenlcol pËr

Iltre agar) and dupllcate samples were praced ln etertllzed
rlver water. The leston was photographedr rriapped on a

grldded flsh oqtllner dlssected free to a depth of t cn and

preserved tn lOt buf.f,ered fornalln. Hyphal tlps fron the

agar colonles erere subsanpled repeatedly untll bacterta-
free. The nycel la kept tn sterll lzed rlver water rfere

examlned before sub-culturlng to check the selectlvlty of

the agar nedtun (cf. tfllloughby 1978). For 60 lsolates the

rnrcËllal clunps fro¡n sterlllzed water and hyphal ttps from

agar cuLtures r{ere transferred to sterlle dlstllled water

prlor to obeervatlons of zooepore release. Ftfteen tsolates

¡rere nalntalned ln the dark at 7oc on sterlltzed hernp seed

ln f lltered and autoclaved Murray erater to aIIow

oþservatlons of the formatton of sexual structures (cf.
9,JiItoughby 1978).
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Selected lsolates (TabIe 1) were also e¡(anlned under the

transnlsslon electron nlcroscope to check thelr cyst coat

morphology (see Beakes and Ford 1983; Hatal, [.ll I Ioughby a

Beakes l'n press), Colonles were groyÍn ln a I lquld glucose

peptone salts nedlun (GYPS: Beakes & Ford 1983) for ä4 lrourr

at roon temperature (c. 2Oo C) before belng tnduced to

ãpol'ulatË by transfer to sterl le lake rdater, For¡nvar coated

copper grlds (3.0 nn 100 ¡nesh) were placed ln tlrË botton of

ea.ch dleh a.nd left for 24 to 96 hours, dependlng on the

specles, The grlds were checked for the presence of BporËËr

then renoved and escess water was carefully drawn off uslng

hardened Í'lhatnan No. I f llter paper, The drted grtds wepe

ahadowed wlth gold palladlunr and coated ln carbon ln an

Edwards Vacuun coatlng unlt as descrlbed ln Beakes (1983),

The Epect¡nens were eranlned ln a Kratos CORA electron

nlcroscope operated at 60kV wlth a 25 unr aperture,

(3) Bacterloloqv

In Septenber 1986 bacterlal sarnpllng was lncluded ln the

protocol for 34 lnfected and 32 unlnfected flsh, These

sanples were taken wlth a flamed loop, streaked on DIFCO

nutrlent agar ln a 90-nnr petrl dlsh and spread wlttr a

sterlle swab dlpped ln sterlle sal lne. If rûycel [a were

present on a les lon part eÍas I I f ted wtth etert I tzed f orceps

and the loop touched on the exposed tlssue, If nycella were
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absent the ulcerated surface was sanpled dlrectly, A sanple

waã tÉ.kÊn aIEo fronr unaffected skln on the rnld-flanlc, The

f lank was then seared and opened along the swl¡n-bladder

uelng rterlllzed sclssors, The llver and anterlor kldney

rdere lnclsed wtth a stertl lzed scalpel and the lnclslon
sanpled, A control plate also was streaked wtth the

stertllzed loop and spread as aþove,

Each lnfected flsh was palred wlth a stnllar-slzed
unlnfected f tsh caught at the Bane tlne and place; thËE¡ê

tIËrË treated in t[:e Ëanê wðy, eEceÞtlng the leslon sanple,

The culture plates r{ere stored for ttrrËË daya at aþout I'iver
tenperature <12-l8oC).

The pÈlnary culture plates were eaanlned for osldase-

posltlve colontes uslng oxldase strlps (Instltut,e of Medlcal

& Veterlnary Sclencer Adelalde), These colonles were

observed, counted, sub-cultured to blood agar and lncubated

overnlght at 35oC, Sub-cultures were checked for purl.ty

before tnoculatlon varlously lnto peptone water (motlllty
read at 4 h), 0F nedlun and blood agar (lncubated

anaeroblcally).

Presuntpt lve Aerornonas Isolates rrere screened f or ox tdase

react 1v lty, not I I lty, fer¡nentat lon at 24 h ln an open OF

tuþer ãrlaêroblc growth at 24 I\ and colony morphology.
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Ver t f lcat lons were ntade us lng the API AOE

Telent-l+leatlon Svqf ê¡ft for Flnt-cr ô-

Facter I aceae and other Grarn-Neqat I ve Êotl¡ ( AFI Bytte nA Ë , A, r

Hontal leu-Vercleu' France ) .

( 4) YIl¡e.IesJ.

In September 1986 three healthy' three sI lghtly lnfected and

three severely lnfected flsh were frozen on dry lce and sent

to the Austral lan Flsh HeaIth Reference Laboratory at

Benalla, Vtctorla. Ktdney, Ilvêrr spleen and affected skln

sanples were lnoculated onto ralnbow trout gonad (RTG-2) '
redfln enbryo (R Fenb) and golden perch erribryo (G Penb) cell

Ilnes, A pass for cytopathlc agents was nade at 10 days and

checks nere conttnued for a f,urther tO days.

(5) El¿ls.lesr.

Ekln tlssue Éamples fron nlne lnfected and three apparently

untnfecied speclnens etere enbedded ln paraf f lnr sectlonetl

<2 Urn) and stalned wl.th haerrtotoxyl ln and eos In. Grldley's'

perlodtc actd-Schlff (PAS), Grocott-Gonorl and nethÉnaninË

ellver stalns also were used to detect fungal elenents.

Resul ts

( I ) [¡p.l¡peil-Q.lsg-r.

Ttre eplzoottc typlcally beglns ln ilune-,Julyr when
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tenperatures are rnlnlmal (Ftg, lA) and floodlng haa tlËt

r-;onnreneecl (Fig, lE), This it two ïlonths hefore the annual

Iow ln the body Conditlon Factor (Ftg, 2A)r three montha

loefore therË le B slgnlflcant rlse ln G3I and flve monthg

bef ore spawnlng (Flg. 2Br. The peak nronthly lncldence of

lnfectlon ls correlated wlth the tnean iIuIy-August water

temperature (Spearrnan Rank Z = -2,08, n = 5r P (0,05)r but

not wlth rnean dally dlscharge, Incldence reaches a pealc ln

August and Septenber and lnvolves t0-64t of the adult

populatlon, Juvenlle flsh (TL (150 nrn) are rarely affected

( <0.4t). There ls no slgnlflcant dlfference [n the

lncldence of lnfectlon ln the tÍ{o seaes (palred sanples f"-

test). There are no dlfferences ln nean Condltlon Factor

(1og(X+1)-transforrned) or rnean GSI for tnfected and

unlnfected ftsh (patred sanples t-têstr o = 86 palrs)r and

no correlatlon between condltlon and area of the leslon
(Spearman Rank).

The rrater quallty data suggest that no heavy ntetals or

organo-chlortne pestlcldes occurred ln the Io¡rer Muruay lu

toxlc concentratlons over the sanpllng perlod, Nor were

there changes ln pH, conducttvtty or dlssolved osygen Itkely
to cause strese to the bony brean. No other flsh specles

showed slgns of lnfectlon'
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The proportions of lnfected grid cells (among 168 per

flsh) ln four body reglons (flns, headr nld-fIank and

posterlor flank) on the Ieft and rl.ght sldes of Ëhe body

trËre analyzed by Stepwlse Logletlc Regresslon (BMDP

Stat tst lcal Sof tware 1987, progratr LR), Ttre Þotent laI

effects due to flsh' body reglon and slde r{ere lncluded as

naln effects ln the Ioglstlc ntodel, together e¡lth a slde vg

rÉglon lnteractlon. The leslon area 1s slgnlflcantly hlgher

on the anterlor ¡nld-flank (P (0,001)t thÉ head and glllrr
finr B.rrcl pßlËtËFi.lr fl¡.nk,1rË rarËIy affected, There 1s aleo

a s tgnl f tcantly greater nean area of lnfect totr on ttrÉ lef t
than the rlght flarrk (P (0,05), There ls no slgnlflcant
lnteractlon between slde and reglon' The nean arËa of

leaic'n ie 5,3t of the body surface (SD = 3,5t' n = 9l) and

the maximum'Is 16Y".

Tfie leaet severe and probably earllest leslons appear

as a thln fuzz of nrycel la over skln wlth no obvlous

ha.emorrha.ge or lnflannatlon (Ftg, 3A), Dtstlnct leslons

wlthout fungus lnfectton rarely were observerl:i thêrÊ wåE

rrGC:õ.Eiona.I reddenltrg of the skln and elevatlon or Ioss of

scales, but thls [s typlcal of the react lon of l>ony l¡rean tr-r

capture and handl tng.

Leslorrs Frogress by an lncrease ln the denslty of
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lnvest tng myceI la, eros Ion of the epldernls atr,l pt-otruE i(it1

tfretr Io¡r r¡f -eçaIes, wltFr ltrcreaslng perlpheral haenorrhage

and erythema ( F lg, 38) , InterntyotomäI haentorrtrage .lltql

nyonal.lclã oçcur ln advanced leslons, One speclnen only wae

found wlth scar tlssue and plgrrrentatlon suggestlve of

heal lngr and onl y tt{o ntor lbund spec I rnens etere captured.

[,ltth few ercepttons the Internal organs of ftsh wlttl

external leslons appeared nornal.

( 3) UJs.Ig-s¿

In rìryceI la transferred dlrectly front a leslon to sterlle

efater there were occaslonal hyphomycetesr but the donltlatlt

organls¡ns $rere non-septate oonycetes and aI1, apart from one

speclnen of t¡s.gtg.ulEJE sp. ¡ belonged to the saprolegnlales.

In 60 of 62 lsolates of Saprolegntales the prlmary

zoospores cleaved wtthln the zoosporanglum and were released

ternlnalIy, Ten lsolates observed at the rnoment of zoospore

rËlËÉ-ÊË aII clenonËtrated ð.ctivÈ rll=persÃI of thÊ Frln;1ry

E.l.)sporeE fron the sporanglun nouthr ã3 ls typlcal of

SEp¡elgg!,t¡.. In only one of 6l lsolates (AÊb.U¡. ;¡r' ) wÉrÉ

prlmary zoospores found encystlng at the sporanglal openlng.

Of 34 flsh wlth leslons collected tn 1986, 3l ytelded

ÊEp¡-glSS¡-è I so I ate s .

Slx of the 15 lsolates (1289' 1356, 1376, 1431, 1494,
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1570) ¡ralntalned on henp seed developed oogonla wlthln ËlH

Triontrrs, The lsolate whlch moet readlly reproduced sexually
( 1494) vlae referred to Ê., ferax (Grutth, ) Thuret atrcl tlrÈ

othËt' f ive tÐ Ê., d,Iqll¡¡Ã Hurnphrey (afrer Seynour l9Z0),

The lsolates eKanlned by electron mlcroscopy noËtIy fell
inf,r¡ t!{o grouÞs, None of the f lrst group ( 1323, l3sB t L372,

1380' 1408, 1428' 1504, l5l2) produced oogonla and (eur=ept

frlF l:'{Ëtl , tey' whlch halr nunrber was not deternrlned) alI had

Þqndle¡ of ð=lÈ þclathclclk hail'a 6,0=1.5,(, un lorlg oE thÉir
EËc:ÕndË.Fy cyst coats (Flg 48, TabIe l), l,lhere measured the

prlmary cysts of these lsolates (E tg 48) had unusually long

eplnee (Table I, c,f. Flg 47, Beakes 1983). Isolate 4345,

howevêFr although non-sexuaI, had slngle rroderately Iong

hoa.thook halrs on lts secondary cyst coat (Table l).

The second group ( 1289r 1376, 1494, 1570) procluc;ed

oogonla and had slngle short boathook hatrs on thelr
secondary cyet cases (Flg. 4D, Table l), In addltlon the

=lnple tubular splnes on thelr prlmary cyst cases were

slgnlflcantly shorter than those of the prevlous group

(Table l), Isolates 1356 and l43l also produced oogonta and

had sinllar prlnary cyst coat archltecture to the second

group (Flg, 4A), but dlffered [n havlng a snooth secondary

cyst coat (Fig. 4C).
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Figure 4

44. Part of a primary cyst coat of isolate 1356, showing

tufts of short primary spines, typical of oogonium-forming

species. x 15,80O.

48. Part of a primary cyst coat of isolate L372, showing

groups of much longer primary spines typical of the non-

oogonium-produeing fish lesion isolates. x 15,800.

4C. Secondary cyst case of isolate 1356, showing smooth

wall, without hooked hairs. x 9,600.

4D- Detail of part of secondary cyst case of isolate 1376,

shovring s'hort single boathook hairs tyl¡ical of oogoniun-

producing isolates (Ë- ferax and S. dielina). x 2O, OOO.

4JE,4e. Part of secondary cyst of isolate 1372, showj.nÉJ

characteristic bundles of hooped boathook hairs whieh

distinguish the non-ooÉfonium-producing isolates (S.

parasitica). x 5,920.
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( 4) Bacterloloov

Tlre fóI1Ëwlng gr(ruÞE wBre ldentlfled tentattvely ln lsolates
f ro¡n d i seased and heal rhy f l sh: A.Ê.Ë9.ü9.0.ð.L, EÊqgjlq.üg.U.å¡,

Aleal lqenetr @, Chranaþäcterlum and "oxtdase-

negat I ve gram-negat Ive bacI I Ius" . Aerononas bJd.Ëg¿hll¡. w¡._*

ldent 1f led 1n 38/48 suspecred A9¡.A.U.A.Uë"1 tsolares.

A. b.gd.EgLbILô. was lsolared fro¡n ZZt34 sktn les tons and 3/il
¡kin aanplee fro¡n healthy f lsh. onty 4134 ftsh wlth lestons
ytelded f,. hvdroohl la fro¡n I lver and/or k ldney, Seven

eanplee fron unlnfected skln areas of g4 dlseased flsh gave

A. hvdroohlla lsolates (Ftg. 5), There tlas no dlfference
between the lncldence of ßanroleqnla and [, hydronhtla ln
leslons (Cht-squaredi P >0.05), but of the S/34 fleh that
did not yleld E¿¡reLÊ.g¡&,r orr€ dtd not yleld f,. hrdronhlla,
one showed an lntegunentary lnfectlon of A. Lld.ËglbllÀ and

the thlrd had obvlous Aerononas sept icae¡nia.

(5) Vlroloqv

No cytopathlc agents were lsolated fro¡n the kldney, llver,
spleen or sk[n leslons of dlseased ftsh.

(6) Histooatholoqv

The prlnclpal Ieslons lnvolved eroslon of the eplderrnts and

Ioss of scales' hypoderrnal and nuscular oede¡na, haenorrSage

and nyoflbral degeneratlon. The earl lest obvlous lnfectlons
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cons lsted solely of f ungal hyptrae penetraLltrg the e¡-ricltr'nii¡

;¡.trcl cìer"mi¡.. rrf tÊrr in :,c.11e pr.¡ckets (Ftg, 6A), ThIs

progressed to eros lon of the eplttlel lr.rrn .rtrti lry¡rotlern;r.I

oeçlena.r B.-F [-¡rev iou-qIy deecrlbed f or Éaprolegnlas Is (CopIand

e gllllougttÞy 1982), Bacterlal lnva¡lott .tl=o tl'1Ë rlonft.tnly

ob,:.erved út thls stage ln developnent of the les lon.

Extenslons to the underlylng nusculature occurred ln

EeverÉ cÊ.sÊ3r lnduclng haenorrhage and oedena' partlcularly
1n the Internyotonral connectlve ulssue, FungaI hyphae wère

rtfrt vi¡ihIe ln sectlons stalned wlth haenatoxyl ln and eosln,

but nethenantne sIIver stalnlng revealed one or morÉ hyphaer

but never nunerous hyphaer r{[thln each haenorrhaglc focus

(Ftgs 68, 6C). Indlvldual ntyof lbres often contalned a

elngle hypha wlthtn the sarcoplasn' wlth or nlthout

sarcoplasrnlc' degeneratlon. Bacterla were rarely v 1¡ lble itr

these deeper leslons.

Nr¡ EtagË øf the le= lons showed leucocyt lc lnf lamnatory

response to the f ungal e Ie¡nents. Les Ions Í'r I th su]r¡tant leI

lia.cter1a.l lrrvolvement dlsplayed rnononuclear lnflannatory

lnftltratlon at the sltes of Invaslon.

Dtscusslon

I rru¡r1. i trti= o f Ê¡nfglss!-t¡- and AgËs.ug.u¡E hvdrooh I I a

conrnonl y occur ln laue wtnter and sprtng (.Iest.er & .Ietrsetr
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Fig. 64. Fungar hyl¡hae (arrovr) in scare pocket in earliest
stage of infection (methenamine silver, XlgO).

68. Haemorrhage and oedema of internLyotomal cortnective

tissues at junction of pink laterar and v¿hite muscre, and

white myofibral degeneration (H+8, X100)

6C. Section similar to Fig.

reveal fungal h¡¡¡¡hae ( arrows )

myofibres (nethena-mine silver,

5B but silver-stained. to
within haemorrhagic foci and

x13O)
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19?2i De Flgue lredo & PI urnb 1977 i Porak & Tranqu 1I I I l98l ) '

It appears that low wlnter tenperatures nay act dlrectly to

lower antlbody productlon and blood protelns and thereby

lrnnunlty' or lndlrectly through lnhlbltlon of feedlng

(Roberts l9?5i Ctprlano, Bullock & PyIe 1984i Brenden &

Hulzlnga 1986), The rlse of tenperatures ln sprlng also rnay

lower trnrnunlty through stress, partlcularly In the case of

A, tU{¡.Q.EbfL¡. lnf ect lons (Esch & Hazen 1980; Nletor

Corcobado, Toranzo & BarJa 1985). Sexual maturatlon nay

contrlbute but the mechanlsrn ls unclear (Plckerlng &

Pott lnger 1985, P lclcer I ng 1986 ) '

The general preference of bony bream for warnter waters ls

conststent wlth the wlnter-stress nodeI. Bony brea¡n

evldently are sensltlve to low tetnperatures and Iow otygen

concentratlons (Cadwallader 1977; AIIen 1982), as these

condltlons are tnpttcated ln reported lnfectlons by bacterla

and Êô.p.Eg-LÊg.LLA. (Johnston & Bancrof t 1921), ÇþlJgilg.09-LLã.

(Langdonr Gudkovs' Hurnphrey & Saxon 1985) and rhabdovlrus

and Ag.ËglLgl¡rl¡î. (Dept Ports & Ftsherles 1986) ln thls specles'

The ttnlng of the eplzootlcs ln the lower Murray also ls

conststent wlth the wtnter-stress ¡todel. Peak lncldence

ocËurs after the wlnter tenperature nlnlmum ln JuIy, and the

Ievel of lncldence ls correlated wtth the nean tIuIy-August
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h¡åtËr tern¡rer;rturË, HÉwËvËt'-'r ltr lSð4 thÉ ltrr=lcletrce tlf thË

I,rw¡r Mnrrr.y d i ¡ea.¡e ¡rea.kerl he f ore body cond 1t l on reached

Its nlntnun, There r{aE no dlfferetrce }retween the t:tlrldition

tlf' lrea.Ithy arrd dlseased f lshr ônd condItlon nas not

slgnlflcantly correlated wlth thë f,rÉa of Ie¡ir)t18, If
winter'-col,l Ëtre-qE 1r actlng as an lnttlatlng factor tn the

dlsease cycle, 1t seene I lkely that tt ls dolng se ,tlrectly
tlrrough EupÞresslon of lnmunlty rather than by Iowerlng body

condltlon through lnhlbltlon of feedlng.

Several authors have con¡nented on the lack of a

Ieucocytlc lnf Ia¡nnatory responee to lnvadlng hyphaer ãDd thÊ

ÞrËEËnce of haenrorrhage ln the lnf lanr¡natton lnduced by the

hyphae of Saproleqnla sÞ,, parttcularly [n deeper leslon¡
(Bootema 1973i HoIke 1975i Nelsh 1977i Copland & gfllloughby

1982), The'lack of sqch a responaË ltr botry hrean could

úriEË fron tenperature-hedlated lnhlbltlonr or tt riay

reflect the fungal specles lnvolved (there l-q BonË cellular
lnf lamna.tory response to bacterlal lnvas lon) , Thls

contraets w I th the narked granulo¡natous lnf lannatÉry

rËËForlaê -*hown by f lsl¡ lnfected by Aph¡ng.U.UçÊ.L sp, (Noga *
Dykstra 1986), Pbg.üi. befÌ¡¡I¡¡U (Ross, Yasutake & Leek 1975),

Arllia¡øürcÉ.:- EI¡g.LG.Ld¡, (Hatalr Takahashl & Eguea 1984) and

E¡e.AblÀL¡. pl-e.CLpbllÀ. (Langdotr * McDonald l:tB?),

ThË faet tl¡at adultsr rather than Juvenllesr ar€ affected
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suggests that hornonal changes assoctated wtth sexual

n;-{.trÌrntlÕn rnð.y lncrease susceptlblllty to the dlsease, In

f act pre-Íìaturat lonal changes are lndlcated because ttre

lnfectlon þecones lntense two nonths before the onset of

vltellogenesls. Slmllarly, the annual floodlng t)f ttre

Murray usually occur3 too late to affect the lnltlatlon of
i nfect i on.

Captlve salnonlds and eels succumb rapldly to
saprolegnlasts (CopIand & t^¡lltoughby 1982i Ptckerlng A

(,¡llloughby 1982), and 1r ls posslble thar wlld popularlons

also suffer htgh mortalltles (Whtte 1975), In the ÞrÉsent

cEEË the eca.rclty of heallng or dead bony brean ls dlfflcult
to explaln. The specles renralns extrernely abundant ln the

lower Murrayr ô*s shown by connerclal catches (South

Austral lan Dept Flsherles 1988),

The speclflclty of the lower Murray dlsease for bony

brean contrasts wl.th the generatlty of a dernatltls
attrlbuted to Aq.bItE sp, ln f tsh of the coongle Lakes reglon

of Cooper Creek ln central Austral lar where bony breanr

callop (ll¡cqJ.õLlq, B.üÞl$J.o.) ' deserr ralnþowf lsh (Melanoraenla

solendlda tatel) and goldftsh (Carasslus auratus) are

affected (Puckrldge & Drewlen l98B).

The cyst coat archltecture of non-sexual (group l)
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1-rtll.e.tËs f rcl[i thË Ar.r:.tr*¡.I i.¡.tr ]rtrnï hre'-rn i:. ¡ ini lar t-¡1 th;r.t

f'ouncl in [* p¡t¡¡i.Liga ft-e-¡n Britl¡h arrd tÏapanere salnonlds

(Ptckertng, ['ll I Ioughby * McGory 1979i Beake* l-r{ð:{¡ E*aker 
'Q

F,rrd lg83), Thls supports recent suggestlons that g.-

pAIAE;llLC¡. should be r-etåltred for thls group ([.loocl ÉL åI.
l9BÊ¡ H¡.t¡.i E;¡ É,I, ltr ¡.rre=s), Mean halr numbers per bundle

and nean halr lengths of the group I lsolatË¡ flt É.t ütre

uÞFËr end of ;-r. rÉgrËsslon of halr length agalnst halr nunber

based on an analysls of Brltleh flsh leslon l¡olatea
(Fiekerlng ElL ÉI, 1979r Flg, 7r, Thts provtdes evtdence for
the general lty of thls relat tonshlp, The otrly non-ËËcual

iaolate of doubtful ldentlty ls 4345, whlch has a cyst coat

ornaÍìentatlon slntlar to that of typtcaL Ê.,. h¡ngg.g¡À.

lsolates (Hatal Êl OI ln press). The remalnlng (sexual)

lsolates have cyet coat archttecture consletent wtth thëlr
ldentlf lcatlon (as S.. d,lC.Ll¡A or $¡ fS¡g¡) based on

norphology of serual structuree, The cyst caats of lsolates
1356 and l4:11 reBenble those of the r f l l ter-paper' l solates

descrtbed by Plckerlng gl. ÀL. ( 1979).

It ËÉehÉ l lkely that Ê* pgf¡¡lEJS¡. ts rhe prlnclpal

fungal pathogen lnvolved 1n Þony brean dernatltlsr ãE 1t ts

in Erltlsh salmonld saprolegnlaslsr but slnce ln Japan Q-
dlcì lna also has been lrnpt lcated as a sal¡nonld pathogerr

(Hatal ËlL ÊI, ln press), a def lnlte anst{er nust awalt a
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study of the pathogenlclty of both tata.

In Baprolegnlasls the IocaIlzatlon of surface leslons ls

distinctive for partlcular host-pathogen relatlonshlps, The

[],3.ttern Been ln bony brean, favourlng the mld-fIank reglon,

dlffers fro¡n that ln salnonlds ((,lhtte 1975t Nelsh 1977i

Eiclr.r.rcla ,È Plckerlng 1978) where head, dorsal surface and

flns are affected. It dlffers also ln belng not conetetent

$rlth lnltlatlon of lnfectlon by tnJury. The slgnlflcant
dIfference ln lnfectlon area between the two sldeg of the

fleh ls not stnply explalned, and tnay be an artlfact of

Iarge sample sLze. Howeverr there 1s evldence of assynetry

1n parasltlc lnfectlons (Moser, Sakanarl, gJeII lngs &

Llndstron 1984; Rohde 1984) ' and bony breanr have s lgnl f lcant

gonad assynetry (Puckrldge & Walker ln press).

The Chl-square analyses reported by Rlchards & Plckerlng

( 1978) are at k¡eet rnarglnal Indlcators of env lronfirental and

biologlcal effects, whereas the nethod enrployed here ls
rnultlvarlate ln nature and has potentlal for comprehenslve

studles of the relatlons between such effects and the

dlstrlbutlon and intensity of lnfection.

The task of establ lshtng prlnacy tn a conplex dtsease

Þrocess 1s dlf f lcult, and conf I lctlng evldence ls connron.

Thls ls weII-shown by work on Japanese "fungue dlse.1ee" ef
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eels (Egusa 1965) ' UDN of salnrotrlds (Carbery 1968) and ttìe

À¡i¡.-P+elflc ulcer dlsease (Roberts, Maclntosh, Tonguthal,

Bronyaratpal ln, Tayapatchr PtrlII l¡r= & MlIIar lgBE), Itr ttre

FFe-FÉnt ¡itlta.t irltt.. it i= [-rriËE ihIe th;-1.t itr*r_r¡1_p¡ric-:uoue

prefungal f,. hvdronhlla leslons occur'ltrlttally In ttrr I.terËr

Murray cli¡ea.¡e r .1trcl tha.t Elanr ol eqn la lnvades these bef ore

they beconte obv loue, Howev€tsr ther'È rì.1-É EÉvËt'r1.I I ine¡ Éf

Ëvldence to euggest that this ls a case of prirnary

saprolegn ias i s:

(l)

(2)

(3)

(4)

(5)

(6)

Sanrolecrnla occurs ln the earllest detectaþle

les ions.

Gross haenorrhage and lnflannatlon are absent ln
early Iesions.

Ecter.nal and lnternal symptoms of systernlc

bacteraemla are absent.

The yleld of A, hvclronhl la cells from lnternal organg

ls low (thls ls not unconmon (Thorpe & RobÈrtz lg72i

8n[e¡Eko 1974) and the sllghtly enhanced levels that
occur ln f tsh weakened by Sanroleqn la leslons are tt)

be expected).

About ú thlrd of le¡lons (lll34, ylelded Sanraleqnla

but not À. hvdroohlla,

Few leelons (2/34) ylelded A-_ irvdroohlla but not

Saproleqnla,
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<7> Saproleqnla hyphae occur ln the scale pockets ln

Ê'a.rly Ies lonsr and deep 1n the muscle ln advanced

les ions.

(8) Vlral agents vÍere not apparentr êt least ln

prel lmlnary lnvest lgat lons,

The evldence presented here suggests that the Iower

Murray bony bream eplzootlc ls an addltlon to the

conpúrdtlvely few known lnstances ln flsh of prlnary

pathogenlctty among aquatlc fungl (Ross & Yasutake 1973;

Roser Ya=utake & Leek 1975; Hatal, Takahasht & Egusa t9e4;

Noga & Dykstra 1986). In addttlonr thts appears to be the

flr¡t reÞorted case of prlnary eaprolegnlasls ln a wlId,
non-saI¡nonld f Ish populat 1on.
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Flgure Legends

Fig. l. Percentage lncldence of dernatltls ln adult bony

brean 1983- 1987 conrpared to (A) mean nonthly lrater

temperature and (B) mean datly dtscharge,

Fig. 2. Percentage lncldence of dermatltls ln adult bony

þream in l9B3-1984 conpared to (A) rïean nonthly condltlon
factor and (B) nrean nonthly GSI .

Fig. 3. MTËÞtl(-l lcslons on skln of bony brean: (A) sl lghtr
(B) noderate.

Fig. 4. AtI flgures of gold palladlu¡n shadowed whole nounts

on formvar coated grlds"

44. Part of a prlmary cyst coat of Isolate tgb6r showlng

tufte of ehort prlrnary splnes, typtcal of oogonlunr-fornlng

specles. x l5,8OO.

48. Part of a prlnrary cyst codt of lsolate L3ZZ' showlng

gr{ruÞE øn nuch longer prlmary splnes typlcal of the non-

oogonlun-produclng f tsh les lon lsolates, r t5f BclO,

4C. Secondary cyst caee of lsolate lgS6r showlng smooth

wallr wlthout hooked halrs. x 9,600.

4D. Deta t I of part of secondary cyst case of lsolat.e l37ît,
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showlng short stngle boathook halrs typlcal of oogonlum-

ÞrÉrlur=1Èg lsolates (S..- f.Ê.gÃJt and S.- dlS,Ll¡A), x 20,000.

4E,4e. Part of secondary cyst of lsolate 1372r showlng

characterlstlc bundles of hooped boathook halrs whlch

distingulsh the non-oogonlum-produclng lsolates (S.-

P,ilË.êÊILl-çè) - x 5, 92o -

Fig. 5. Incldence of Sanroleqnla and A.g.Eqüg.UfuL hvdronhlIa

lsolates ln lnfected and healthy t lssues of bony brea¡n.

Fig. 54. Fungal hyphae (arrow) in scale poclcet in earl lest

stage of lnfectlon (nrethenanrlne sllver, Xl30).

68. Haenorrhage and oederna of intermyotornal connectlve

tlssues at Junctlon of plnk lateral and whlte ¡nuscle, and

white rnyofibral degeneration (H+8, XlOO)

6C. Sectlon slnrllar to Flg,58 but sllver-stalned to
reveal fungal hyphae (arrows) wlthln haemorrhaglc focl and

nryof lbres (methenamlne sllver, X130)
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Summary of cyst coat norphology for lsolates

¡elected for whrole nrount eEanlnatlon ln the TEM,

TabIe I

I SOLATE

N0.

PRIMARY CYST COAT

Mean Spine Length

(SE)

utìt

SECONDARY CYST OCIAT

Bundle /Halr Length

(sE)

un

Mean No,
Halrs/
Bund I e

(sE)

ufit

I 289

I 323

I 356

r 358

1372

I 376

I 380

I 408

I 4¿Ë

l43l

1494

I 504

t5l Ê

t 570

4345

0.34 (0.20)

1.84 (0.53)

0,35 (0,09)

1 .56 <O.42)

1,61 (0,17)

0. 28 ( 0.02 )

2;01 (0.30)

1 ,61 ( 0. 10)

a.l4 (0.31)

c,0, 30¡c

c.0, 30*

ND

ND

c.0. 30

ND

0, 41*

9. l8:k

s mooth

9.44 (0.84)

9,46 (0.60)

0.s9 (0.04)

10,00:t

12.80 (0,85)

11,20 (1.51)

s moo th

O. 40*

13. 30:rc

8,41 (0,44)

0,40¡c

3, 40¡c

I

l4*

9(0.58)

l2(0,70)

I

ND

l6

l4(1,05)

I

t2

l2(1,07)

I

I

ú,lhere the standard error o f the mean (88) I t g I vËtl e*c:h
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measurenent represents the nrean of ät least 20 nreasurenrents,

Þiment irtna which a.re f oI lowed by a ,c are frorn data sets of

less than l0 neasuFemËtrtE or f ront Þo.]F ÌtD'ËF.1t',1t iqrnr wltet'e

Éceurate neasurenents were not pogslble. In gone sanrples

some of the spore stages were not observed and thÈEe åpË

lndlcated as not determlned (ND).
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