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SUPWARY

A three-year research programme has been completed, on the fa+e of adult

Australian Salmon in Sou+h Australian waters. The major findings of the

..^^.^^^^,__y^^^..^_^^...^^^^^^^^^^—____,_^_^^^^^^^^^^^^^^^—.—_„,......„_,.._.

1. The commercial fishery in South Australia has recently operated a+ a

lower level; average purse-seine ca+ches during the periods 1984-87

and 1975-78 were 421 tonnes and 762 tonnes, respectively. This

decline can be a+tribu+ed +o adverse fishing conditions* and a decline

In effort; ra+her than a decline in salmon abundance. Concurrently*

there has been a rise in tag returns by anglers; from 16% in 1975-78,

+o 30% in 1984-87. 1+ is concluded +ha+ ama+eur ca+ch has increased

+o a significant level; es+ima+ed +o be in the order of hundreds of

tonnes annually. The average leng+h of salmon caught by anglers was

significantly lower than the average length of salmon caught by

professional fishers.

2. The purse-seine fishery was unstable during the s+udy> and pat+erns of

ca+ch did not represent pat+erns of abundance. However, broad changes

were discernible; in ca+ch composl+ion» in comparison +o the period

1975-78. The ca+ch of 1+ fish has declined in Importance, but the

numbers of older salmon caught were broadly similar. Despi+e the

lowered ca+ch* there were no shif+s in capture locality back +o the

areas fished in the pre-purse-seine era. That is, the mos+ impor+an+

fishing areas were the West Coas+> near S+reaky Bay; the sou+hem

portions of Yorke and Eyre Peninsulas; the Sou+h-Cen+ral coas+; and

Kangaroo Island. The areas of greatest exploi+a+ion by anglers were

the West Coast and southern Yorke Peninsula.

3. Levels of F and M were es+lma+ed a+ levels similar +o those of

previous years, if tag loss is allowed for; despi+e the lowering of

ccmmercial ca+ch in Sou+h Australia (F = 0.2> M = 0.5). Preliminary

yleid-per-recrult analyses suggested that the Sou+h Australian

population was being underfished in the study period? although the

size classes exploited were near the optimum range a+ which biomass

was maximised (31.0 - 35.0cm LCF).



The overall ra+e of explol+a+ion of Sou+h Australian salmon may have

increased; as tag recovery rates In 1975-78 and 1984-87 were 21% and

32%> respectively.

4. Migration in+o the Western Australian fishery occurred a+ ages of 3+

+o 8+; mainly 4+ and 5+. Salmon "dropped out" of migrating schools

and postponed movement +o Western Australia by one year. These fish

were stgnlfIcan+ly smalIer-at-age than o+her school members, which

recrui+ed during the season of tagging. Salmon which postponed

movement were not subsequently recrul+ed In+o the Sou+h Australian

fishery; this may have reflected a lack of fishing effort. Ca+ch

curves showed +ha+ fish of 5+ were only par+tally recrui+ed In+o the

Sou+h Australian fishery. Migration +o Wes+em Australia was rapid

(as II++le as 47 days dura+Ion)» and occurred un+iI la+e January

wl+hin the season of recapture in +ha+ S+a+e.

Ra+es of tag recovery in Wes+em Australia; of 4+ salmon tagged in

Sou+h Australia? have increased; from 1.7% (1950's), 9.7% (1960's) and

10.8% (1970's); +o above 20% during this s+udy period.

5. The level of recrui+ment in+o the Wes+em Australian fishery was the

highest ye+ recorded; daily entry of tagged salmon from Sou+h

Australia was s+rongly correlated wi+h sou+h-coast daily catches;

during the whole season, wi+h a ca+ch of 1877 tonnes In 1987. This

represented rates of migration of 20% +o 60% of tagged adul+s; mainly

of 4+ and 5+ fish. Previously, South Australia was suggested +o be

the source of a base level of ca+ch of 1,000-1,300 tonnes? annually;

and daily entry of tagged salmon was correlated highly wi+h ca+ches

made only after March 13. The recovery of tags by anglers? in Wes+em

Australia, was a+ an inexplicably low level of 9%, in comparison +o

professional recaptures there.

6. Aerial surveys of salmon schools, in the area fished by purse-seiners,

indicated +ha+ the population was relatively small; in the order of

3600-6200 tonnes. The mos+> and largest, schools were slgh+ed on the

West Coast, along the sou+h coast of Kangaroo Island; and in the

Sou+h-Eas+ of the S+a+e. Sigh+ings of schools along the sou+hern

coast of Yorke Peninsula were very low; in comparison +o the high

ra+es of explol+a+ion there In angling and purse-seine operations.



Es+ima+es of population size from aerial surveys were biased by

differential vislbill+y of small and large schools.

7. For the first time, females in an advanced s+a+e of ovarlan

development were recorded from Sou+h Australia. However, all

available evidence indicated +ha+ no slgnif leant spawning acTrvlfy

occurs in this S+a+e.

8. Clupeld fish* mainly pllchards* predomina+ed in salmon s+omach

con+en+s. The chance inges+ton of King George wht+ing> by salmon in

sheltered bays» was not considered of relevance +o management of

•fisheries for either species.



1.1 JUSTIFICATION

A scientific workshop on Australian salmon was held by the Western

Fisheries Research Commit+ee a+ Wa+erman> Western Australia? in 1981.

1+ was proposed +ha+ the workshop "....should sLinmarlse the present

understanding of the fishery and the biology of the species, and point

out the consequences of dif'ferent op+ions for managemen+". As a

result; i+ was concluded the "the Western Australian salmon fishery

appears +o be In a fine balance a+ a low level of production* wl+h a+

least a suggestion of s+ock-rela+ed lower recrui+men+. Any increase

in fishing effort in Western Australia^ as well as In eastern S+a+es>

might prejudice spawning s+ock/recrul+men+ success". Fur+hermore» I+

was recommended a+ the workshop the need for collec+ion of da+a on;

(a) ca+ch and fishing effort in Sou+h Australia and other S+a+es»

(b) leng+h and age compositions of ca+ches made by all S+a+es

fishing the s+ock; and

(c) the relative impor+ance of professional and ama+eur ca+ches.

1.2 QBJECTIVES

Subsequently? the Research Branch of the Sou+h Australian Depar+ment

of Fisheries was granted funds, frcm the Fishing Industry Research

Trust Account (FIRTA 84/75), +o s+udy the fa+e of adult Australian

salmon occurring in South Australian waters. Research was undertaken

+0:

(a) determine the movement pa+terns of different age groups of

salmon;

(b) determine the relative proportions of salmon taken in the

commercial and recreational fisheries in Sou+h Australia;

(c) determine the size and age composi+ions of ca+ches made in bo+h

these fisheries; and +o



(d) survey the relative abundances of the Sou+h Australian salmon

popula+lon.

2.1 INTRODUCTION

The Australian "salmon" Is a sea perch, of the family Arripidae, and

Is in no way related +o the true salmons* of the family Salmonidae? in

the Nor+hem Hemisphere. The family Arrlpldae contains a single

genus> Arripls» comprising two species only - the Australian salmon

Am pis +ru++a (Bloch and Schneider) and the Australian herring or

Tommy Ruff» Arrlpis gecrgianus Cuvier and Valendennes.

Two sub-species of Australian salmon are present in Australian coas+al

waters: the eastern sub-species? &u_Lpis +ru++a m9rgina+a> (Cuvier

and Vaienciennes) and the wes+em sub-species, Arrlpis +ru++a esper

(Whi+ley). The two sub-species are morphological ly identical In

external appearance; but can be separated on the basis of coun+s of

gill rakers on the first gill arch> which have been proposed +o be

related +o differences in feeding habi+s; and coun+s of dorsal fin

rays (Fairbridge, 1951, Malcolm, 1959). Fish of the western sub-

species have fewer gill rakers (from 25 +o 31) and prey predominantly

on pilchards, anchovies and o+her small fish; in comparison +o the

eas+em sub-species which forage on small euphausiids ("knll")

mainly, and have from 33 +o 40 gill rakers (Malcolm, 1959). The

spawning areas of the two sub-species are separated In space and time;

the wes+em sub-specles spawning In la+e sunmer in the sou+h-west of

Western Australia only; and the eastern sub-species spawning in the

area of southern New Sou+h Wales and eas+em Victoria only, in early

summer (Malcolm, 1966a, Stanley, 1978, 1980a).

S+ocks of Arri pis +ru++a sp. occur also in New Zealand* where they are

referred +o as Kahawai, and around Lord Howe, Norfolk and the Kermadec

group* Islands. The dis+ribu+Ion of Australian salmon Is shown in

Malcolm (1960). The current research programme concerns the western

sub-species* ^rripis +ru++a esper; hereaf+er referred +o as western

salmon or salmon.



2.2 DISTRIBUTJOfl

Western salmon occur predcnnlnan+t y south of la+i+ude 30°S» from Perth

In Western Australia, +hroughou+ South Australia and Victoria, +o

Tasmania. Specimens have been recorded as far north as Gerald+on in

Western Australia? and In the east a+ Eden. The range of wes+em

salmon overlaps wt+h +ha+ of the eastern sub-species In eas+em

VIc+orla and around Tasmania* and the two sub-spectes in+ermix in

schools In these areas. This spa+Ial and temporal coincidence of the

two sub-specles is res+nc+ed +o juvenile and sub-adult s+ages of the

life hls+ory and Is shown In Malcolm (1960).

2.3 BIOLOGY

Essential +o a review of the fisheries for wes+em salmon Is a

knowledge of the life history of this sub-species.

Western salmon are an inshore schooling species which make bo+h

inshore-offshore foraging movemen+s? and migra+ions connected wi+h

spawning behaviour. They are most commonly sighted schooling in

shallow wa+er behind the surf zone, adjacent +o beaches^ head lands and

reefs; but are known +o forage in, and migrate through* deep, open

expanses of water* such as Bass Strait (Malcolm» 1959, Stanley, 1978).

Schools of salmon In excess of 120 tonnes have been cap+ured? and

sigh+ings have been recorded of schools es+Ima+ed +o con+atn In excess

of 1»000 tonnes of salmon, In Sou+h Australian and Wes+em Australian

waters (WFRC 13 p.37» R. Hendry, pers.canm)

The large body of evidence from tagging (Malcolm? 1960, Ntcholls,

1973, S+anley, 1978, 1979) and morphological (Malcolm, 1966a)

inves+lga+lons; and studies of reproductive biology (Malcolm* 1960»

Stanley, in prep.) and population gene+ics (MacDonald? WFRC 9)»

s+rongly support the conclusion +ha+ western salmon are a single

in+erbreeding s+ock wl+h a spawning area in sou+hem Western

Aus+ralia.

The time and place of spawning of wes+em salmon are not precisely



kncwn» and may vary +o some extent between years. Malcolm (1960)

examined seasonal dis+ribu+ion and ovarlan and tes+icular cycles In

bo+h Sou+h Australia and Western Australia and recognised spawning and

post-spawnlng phases associated wi+h a migra+ion of adul+s. He

concluded +ha+ the area of Intensive spawning was centred on the

sou+h-wes+ern coast around the Cape Leeuwin +o Bussel+on area (See

Figure 1.2) in la+e Apr 11» and May, a+ the apparent end point of a

spawning migration.

However» Stanley (in prep.) found +ha+ western salmon can spawn on

bo+h the sou+h and sou+h-wes+ern coasts* and +hroughou+ the migra+ion^

from mid-March +o the end of April. He examined ovary weigh+s>

condition factors and the occurrence of ova in plank+on samples* and

proposed +ha+ spawning does not Immedia+ely precede the post-spawning

phase (Malcolm* 1960); but Is spread out In time and area» and ends in

a post-spawning group of fish in the Bussel+on area in la+e April +o

May. Stanley (in prep.) suggested also +ha+ areas east of Albany* on

the sou+h coast, are of Importance only in mid-March as spawning

areas; although in years of high s+ock abundance, more spawning

appears +o take place on this coast.

Spawning In the western salmon is frac+ional and very few female -fish

have ever been sampled In an immediate spawning condition; as the last

s+a,ges leading up +o spawning are rapidly accomplished (Malcolm* 1960>

Stanley, in prep.). This observa+Ion led Malcolm (1960) +o suggest

+ha+ spawning may take place offshore away from the coast. However,

Stanley (in prep.) recorded the highest nunbers of ova from inshore

sampling s+a+Ions> and proposed +ha+ spawning may take place in

localised concen+ra+ions; perhaps in the victnl+y of rocky headlands,

inaccessible +o beach seining operations.

The lack of "running-rlpe" females in ca+ches frus+ra+ed a++emp+s +o

describe embryonic and larval development, by the procedure of

stripping eggs from females and -fer+i Using +h€m ar+ificially (Munro>

1963). Egg and early larval s+ages of eas+em salmon have been

described by Munro (ci+ed in Malcolm, 1966a) and hatching of the egg

occurs wi+hin 40 hours of fer+iIisa+ion in +his sub-species (S+anley

and Malcolm, 1977).



2.4 Pl S EERSAL_Q_LJU V EN I L LJIASES

Transport of juvenile stages +o nursery areas east of the spawning

area occurs via complex southward and eastward flowing currents. A+

least three se+s of currents move up> or down> the sou+hern half of

Wes+em Australia's coast a+ various times of the year (Anon., 1981)

Meanders and eddies of the northward flowing west-Aus+ral ian current

flow southward from la+i+ude 30°S; and wlnd-drtven southward and

northward flowing currents occur in sunmer and winter; respec+ively>

under the influence of prevailing winds. Superimposed on these flows

is the Leeuwin current; a body of water frcm the +ropics +ha+, during

au+umn and early win+er> flows around the sou+h-west corner a+ Cape

Leeuwln and in+o the Great Australian Bight. Studies by the CS IRQ

Division of Fisheries and Oceanography; of dnf+Ing buoys and

hydroiogy» showed +ha+ the Leeuwln current consists of warm (2°C above

local seas)* low salini+y water of tropical origin. The Leeuwln

current forms, between April and July» a wa+er mass sane 20 kilome+res

wide +ha+ may flow a+ nearly 4 ktlome+res per hour (2 kno+s); (Anon.,

1981).

Juveniles (0+ age group) are carried southward and eastward; +o the

western Bigh+> Sou+h Australia, Victoria and Tasmania? by the Leeuwin

current. The mechanisms by which juveniles maln+ain position in

preferred bodies of water, and move in+o Inshore areas; are unknown

(Malcolm, 1960).

The timing of arrival of juveniles In nursery areas varies from year

+o year. Malcolm (1966a) recorded wes+em salmon of 5 cm TL (total

leng+h) in Tasmania during August or September. In Wes+ernport Bay>

Victoria; Rober+son (1982) cap+ured western salmon of 6.1 and 5.7cm

LCF (leng+h +o caudal fork) in la+e October, 1974, and Ia+e August,

1975< respectively. During regular small-mesh netting surveys of the

Port Adelaide River es+uary* Jones (pers.comm.) has first recorded

young-of-the-year juvenile salmon during the months of July; August

and September.



Juveniles may be transported +o the Esperance area or northward from

the spawning area also, +o es+uaries sou+h of Per+h. The latter

movement is considered +o be of small significance +o Ia+er

^^^-^^^..^^^_^^^^^

of many juveniles (0+ group) in the Esperance area was recorded in

1949 by Malcolm (1960) and was considered by him +o be a+ypical.

Stanley (WFRC 1) suggested +ha+ se++lemen+ In the Esperance area is of

major Importance la+er +o the fishery for adul+s? and this proposal is

discussed further In section (9.3.1).

Juveniles of the 0+ group may leave inshore nursery habi+a+s in la+e

simmer* and this movemen+ may be associated wi+h a change In diet

(Stanley, 1979, Rober+son> 1982> Jones pers.ccmm.). These habi+a+s

are typically shallow sand fla+s wi+h marine seagrass beds (Zostfira

sp., He+erozos+era sp.» Posidonia sp.) and the fish feed along the

edges of channels. Epiben+hic crus+acea, demersal gobies and clinids,

and a+herlnids from the water column* have been recorded f ran the

s+omach con+en+s of wes+em salmon foraging over these seagrass beds

(Rober+son> 1982). The diet la+er changes, +o include predcminan+ly

pilchards and o+her clupeld fish> and is reviewed in section (12.1).

2.5 AGE AND GROWTH

Western salmon attain a maximum age> leng+h and weighty on average? of

about 9 years, 80cm LCF and 10.5kg< respectively (Malcolm, 1966a,

Stanley^ 1980a). Growth rates decline from west +o east wl+hin the

sub-specles' range (NIcholls, 1973, Stanley, 1980b), and vary between

bays wi+hin Sou+h Australia (Stanley, 1977). Using a series of Von

Ber+alanffy grow+h curves^ Nicholls (1973) described and compared

growth in different par+s of the range of western salmon. He

considered +ha+ grow+h da+a could be pooled +o produce a single curve

for South Australian fish (+o = -0.2360 years, K = 0.2751, Loo (LCF) =

68.91cm, + = 5.832, d.f. = 5).

The most significant result of the slower growth ra+e a+ the eas+ern
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end of the dis+rlbu+ion is +ha+ fish there do not 2++ain +tie mean

length acquired by 4-year old fish in Western Australia, until they

are 5 years of age. Western salmon tend +o school by size ra+her than

by age; and a school may have a narrow range In size composition, ye+

comprise up +o four age groups. NIcholls (1973) suggested, also, +ha+

sexual ma+url+y Is related +o size? ra+her than age.

Lee's phenomenon occurs when back calculation from scale measurements?

of fish lengths a+ early ages» gives progressively smaller lengths the

older the fish is a+ the time of scale collection (Ricker, 1969).

Stanley (1980b) found +ha+ the phenanenon is evident in scale readings

of western salmon: In the adult fishery, caused by the selective

arrival of salmon wi+h progressively slower growth ra+es; and> In the

Juvenile habi+a+s, caused by selective departure of fas+er-growIng

salmon.

Checks in grow+h of clrculi on scales have been determined +o be laid

down on an annual basis, during la+e October^ by comparing the age a+

release and recapture of tagged fish (Malcolm? 1960» Stanley, 1980b);

and by back-calcula+ion of length a+ age, from diame+ers of checks? by

NIcholIs (1973).

Bow (ci+ed in Nicholls, 1973) and NIcholls (1975) recognised the

presence of six-mon+h checks on scales of wes+em salmon fran South

Australia and Victoria. They proposed +ha+ fish spawned early in the

year formed a check in growth in the October following the spawning

season; +ha+ is, a slx-mon+h check. Salmon spawned la+er in the

season did not form a check in scale growth un+II the October sane

eighteen months after spawning. Bow recognised a six-mon+h check on

65% of scales examined from fish caught a+ Ceduna, and Nicholls (1973)

found the check in 5-12% of scales examined. In con+rast, Stanley

(1980b) found a six-mon+h check on less than 4% of scales fran fish

caught +hroughou+ Sou+h Australia; and ignored their presence for the

purposes of his analyses. 1+ is possible +ha+ the spawning season in

Western Australia Is +00 pro+rac+ed, in time and space, +o allow for

the widespread occurrence, la+er, of variation in age a+ first

forma+Ion of growth checks. The key +o the occurrence of six-mon+h

checks lies in a knew ledge of the pa+h and duration of the "oceanic"

phase of the juvenile life his+ory; which is lacking.



2.6 MIGRATION

Information on the spawning migra+Ion In Wes+em Australia* of

maturing juveniles and adul+s has been collected by tagging studies

(Malcolm, 1960, NIcholls, 1973, Stanley, W^^^^^^^

observations of seasonal fluc+ua+ions In commercial ca+ches (Malcolm?

1.960, Walker 1982b), and by use of aerial survey da+a (Stanley,

WFRC 4).

In the non-spawning phase (Malcolm* 1960) the adul+s are concen+ra+ed

chiefly in the area between Bremer Bay and Esperance. A wes+erly

movement, by fish in spawning phase, commences in February (the "front

run") and apparently has been completed by all fish in mld-April.

After spawning* the fish move back sou+h and eastwards (the "back-

run") in a movement which begins in mtd-May» usually* and is over by

July (Malcolm* 1960). The front-run ends usually In the Bussel+on

area; but schools move nor+hward +o the Per+h area in some seasons.

The eastward extent of the back-run is unknown; but may extend in+o

the western Bigh+. No salmon tagged in Western Australia have ever

been recaptured In Sou+h Australia (Anon. WFRC 12> p.49) and I+ Is

concluded +ha+ the back-mn does not extend in+o the ccmmerclal

fishery of this S+a+e.

The "cues" +ha+ send maturing juveniles on migra+ion from eastern

nursery areas in+o Western Australia* and the "clues" +ha+ these

salmon follow (Harden-Jones* 1984 p.3) when on mlgra+ion; are unknown.

The migration pa+h is unknown also. i+ is known +ha+ recrui+s frcm

Tasmania traverse Bass S+rai+> so open-wa+er +ravel Is possible; but

i+ Is considered more likely +ha+ salmon mlgra+e through Inshore

waters (Mat colm> 1960> Stanley? pers.comm.).

There is a lack of information also on the timing of departure from

nursery areas and arrival In Western Australia. Nicholls (1973)

tagged salmon a+ 4+ years of age, and older* in Lacepede Bay

(Kingston* Sou+h-eas+ern Sou+h Australia) which were recaptured on, or

after, March 13 in Wes+em Australia; a+ least 90 days af+er release.

1+ has been suggested +ha+ Sou+h Australian par+lclpan+s in the



migration must be tagged before November of the year preceding the

spawning seasonj If they are +o be recaptured during +ha+ season

(Anon.; 1969). The area sou+h of Kangaroo Island was suggested +o be

an assembly area for these older Sou+h Aus+ral ian salmon, prior +o

their migra+Ion +o Wes+em Australia .(Anon. > 1969).

Stanley (WFRC 1) found +ha+ migra+Ion by Sou+h Australian fish is

spread over four age groups; and Is connected wl+h growth ra+es: the

fastest growing fish migrating a+ an age of 3+ years and the slowest

growing fish a+ 6+ years.

3.1 FISHERIES E&R WESTEBhLSAlJ/DU

Western salmon form the basis of subs+an+tal commercial fisheries in

Western Australia (800 +o 4,000 tonnes per annum), Sou+h Australia

(450 +o 1>900 tonnes p.a.) and Victoria (an average of 180 tonnes

p.a.). Annual production figures are given for South Australia and

Western Australia, for the period 1963/64 +o 1985/86, as Table (1.1)

and Figure (1.1) A fishery st+ua+ion report has been prepared by

Stanley (1980a).

Throughout their dis+rtbu+ion, wes+em salmon are valued highly as a

premier spor+flsh; for boat and shore-based anglers (Walker 1982b>

Jones» 1983a); but accurate s+a+is+ics on landings are lacking.

3.2 W£ST£RbLAU_SIRALIA

3.2.1 FJAlna MeJ-Jiod

A beach-seine fishery for wes+em salmon has existed In Wes+em

Australia since 1945? a+ the beaches shown in Figure (1.2).

The nature of this beach-selne fishery has been described by

Malcolm (1960), Nicholls (1973) and Walker (1982b). There are

40 teams of fishermen who seasonally occupy beaches, upon which

they are endorsed +o fish. There Is observation for fish

+hroughou+ the year, which becomes continuous In daylight hours

during the spawning migra+ton,- assisted of+en by use of

aircraft. When a school moves in +o a position suitable for

capture, a beach-seine net Is shot around ;+; using rowing
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Table (1.1) Annual production figures (kilograms live-weight) for the
western salmon fisheries in Sou+h and Wes+em Australia.

* = Es+ima+e of

YEAR

1364
1 955
19BB
19B7
19G8
19B9
1970
1971
1972
1973
1974
1'975
197B
1977
1378
1979
1980
1981
1982
1983
1984
1985

*198B
«1987

* » ESTIMATE OF

ca+ch; as of

SOUTH
AUSTRALIA

564723
523890
637298

1075015
10804B4
79B898

1404164
1038B77
1880759
798881

1897000
864B40
684701

1111520
11B9070
449727
702390
B83353
608000

1028000
447931
B21018
648B16

507000

CATCH

30/5/87.

WESTERN
AUSTRALIA

2097727
1545909
2958182
3G59857
4222504
2292894
231818B
14952B7
17923B5
11 B42 14
1255990
1 2.8271 9
108B115
1517830
754548

1191177
1260086
1373284
154B962
2517708
3543000
2321471
2489135
187E828

TOTAL

2BB2450
2069799
3595480
4734872
53029B8
3083792
3722350
2534144
3B73124
19E3095
3152990
2147359
177081B
2B29350
1923618
IG40904
19B247B'
205B637
21549G2
3545708
3990931
2942489
3137751



SALMON CATCHES BY STATE
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WESTERN AUSTRALIAN FISHING BEACHES
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boa+s or boa+s powered by je+ mo+ors. Once +he school is

encircled, the net Is drawn ashore wi+h the aid of motor

vehicles and the ca+ch is transported by road +o processors.

Schools of less than 1 tonne, +o upwards of 100 tonnes have

been caught. The net is never shot blindly and the fishery is

dependent wholly upon the chance vlsi+s of schools +o

accessible positions; none of the normal uni+s of effort is

applicable +o this fishery.

3.2.2 Uana-a.ement

The fishery is managed by limited entry. Various fishing

beaches are proclaimed as fishing zones from February 15 +o

April 30 each year, where only fishermen holding concessions +o

take salmon can operate. On the sou+h coas+» each team is

restricted +o a particular beach; whilst in the sou+h-west the

teams may occupy a number of beaches. A minimum leng+h a+

first capture has been se+ a+ 30cm, and anglers are res+ric+ed

+o a bag-limit of five salmon per day.

3.2.3 Hls+or_v

Prior +o 1952> the fishery was centred mainly a+ Hope+oun< east

of Esperance, where fishermen caught salmon f ran s+a+ionary

schools in the non-spawnlng phase. That fishery failed; and

ceased in 1952. Since +ha+ year, beach-seine teams have

concentrated on the front-run and back-run associated wi+h the

spawning migration, during a short season. !n the seasons

since 1967» the back-run ca+ch has declined In impor+ance? in

1981 the ratio of front-run +o back-run ca+ch was 1142 : 38

tonnes (Walker, 1982b). Malcolm (1960) suggested +ha+ the

failure of the Hope+oun fishery was due +o a shift in

dis+rlbu+lon? westward +o Inaccessible areas, of salmon in the

non-spawning phase. However, Walker (1982b) considered +ha+

the in+ensl+y of exploi+a+Ion on the fron+-run» and the high

natural mortal i+y of +he adul+s, has caused the decline In
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back-run landings and extinguished the Hope+oun fishery. For

either reason, the Wes+em Australian beach selne fishery

effectively operates now on salmon par+lclpa+Ing in a spawning

migration.

The commercial salmon ca+ch declined over a four-year period

from record levels of 1966/67 and 1967/68 (3,660 and 4223

tonnes). For the period 1972/73 +o 1980/81, the fishery

operated a+ a Iow level of between 754 and 1518 tonnes (average

ca+ch 1209 tonnes). Associated wl+h this drop in landings?

was: a change In the dls+Mbu+ion on the sou+h coast ca+ch>

wi+h Area I (TrigaIow-Cape Rlche) having taken over in

importance from Area II (Cheynes Beach - Albany East); a

westward decline in ca+ch; and; a decline in back-run ca+ches.

Ca+ch represents abundance In this in+enslve fishery (Stanley,

WFRC 1, Walker, 1982b) and effort, in terms of number of

fishing teams and beaches flshed> had remained remarkably

constant In the period 1962-1981 (Walker, 1982b). During +ha+

+ime> efficiency had Increased by about 10%; due +o improved

equipment and keener fishing practise. Over the same period?

sigh+lngs of schools, ca+ch per day of observation, and the

average school size? had decreased. This informa+Ion was

collected from analysis of research log-books* kept by

fIshermen.

Since the 1983/84 season, the Western Australian ca+ch had

recovered +o levels not recorded for 16 years (1984 ca+ch =

3>543 tonnes). Ca+ches had been more evenly dis+ribu+ed* and

the West Coast ca+ch increased a+ a sllgh+ly higher ra+e than

+ha+ of the sou+h coas+. This was a+tribu+ed partly +o the

prohibition of use of trap ne+s for Australian herring (Auilcls

georgianus - Tcmmy Ruff), be+ween February 10 and March 25> on

the lower sou+h-west coast. These ne+s act as blocking devices

and their ac+Ion Is presumed +o alter the behaviour of

migrating salmon schools; +o the de+riment of the salmon

fishery +o the west of the ne+s (Walker, 1985).
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Australian herring make e spawning migration of similar route,

but la+er +imtng> +o Australian salmon, (Anon.» WFRC 12). Some

salmon teams can make fishing profitable only by combining

salmon and herring fishing ac+Ivl+ies.

3.2.4. LtUIsa+lon of Ca±ch

The fa+e of the salmon ca+ch In Wes+em Australia has varied

since the inception of the fishery. The majority of product

has been canned for human consump+ion> but there has been an

increasing trend for sale of fish for the purposes of pe+ food

manufacture; and for use as rock lobs+er bait. Traditionally?

salmon heads* and some bodies, have been sold as rock lobs+er

bait, but In 1977 the sub-species was declared a food fish in

Western Australia; preventing the use of salmon bodies as bait.

In }9Q6> a year of high ca+ch» this regulation was relaxed

partial Iy; +o allow salmon fishermen +o sell 7 tonnes of their

ca+ch for rock lobs+er bait. The .price paid +o salmon

fishermen? for fish intended for canning purposes? has declined

markedly In recent years of high ca+ch and is lower than

re+ums from sales for bait (Walker, 1982b, 1985). This

decline was a+tribu+ed by processors +o increased compe+i+Ion

from lower-priced imports of Kahawat canned In New Zealand

(Walker? 1985). However, a survey of the effect of New Zealand

Imports on the Australian salmon fishery (Anon, 1986) found no

evidence of "dumping" of product on Australian markets? and no

marked difference in price between local and imported cans of

salmon.

3.3 SOUTH_AUSTRALIA - AN OVERVIEW

The Sou+h Australian fishery for western salmon is the subject of

detailed discussion in further sections of this report (Sections 5.1-

6.1), but an overview Is given here.

3.3.1 ELshinaJfe+hod

In order of magnitude of ca+ch, western salmon are taken In

Sou+h Australia by the use of "purse-setnes", hauling ne+s and
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beach seines, mesh ne+s and by trailing. Most age classes

present In South Australia are exploited by the use of "purse-

selnes"; but younger fish predomina+e in ca+ches made by all

other methods. The different methods are utilised in differen+

habi+a+s wi+hin Sou+h Australia. Purse-seines, beach-selnes

and mesh ne+s are employed along exposed and sheltered coas+s;

while hauling ne+s are res+rlc+ed +o shallow, sheltered waters,

of five metres depth* or less. Sou+h Australian fishing areas

are shown in Figure (1.3), and salmon fishing areas are

outlined in Figure (1.4).

Salmon are actively sought In operations utilising purse-seine,

beach-seine and trolling gear; but are taken as by-ca+ch» or by

design* wi+h hauling ne+s and mesh ne+s. Fishing areas are

observed from high vantage poln+s, from boa+s, or from

aircraf+y in the search for salmon schools.

The use of different methods is described in Section (5.2-5.4).

3.3.2 Management

The commercial fishery is regula+ed by an annual quo+a of 1,000

tonnes; +o be taken by four purse-seine opera+ors sharing a

special salmon quota (800 tonnes )> and by operators in the

marine scale and rock lobs+er fisheries (general quo+a; 200

tonnes). The latter group comprises 500 licensees eligible +o

take salmon by use of ne+s; but individual ca+ches are not

permitted +o exceed 20 tonnes on an annual basis. There is no

res+ric+ion on the annual ca+ch of fishers employing hand-lines

and troll-lines. The special quo+a Is transferable, and

present legislation allows for annual review of the general

quo+a; and for closure of the net fishery? upon a++ainmen+ of

the aggregate quo+a (Kirkegaard> 1984).

Netting ac+ivi+ies of all forms are res+ric+ed by the

proclamation of areas closed +o netting wl+hin all fishing

zones of the S+a+e; especially those comprising sheltered

embaymen+s. Beaches on the sou+h-cen+ral coas+ (Wai+pinga and

Parson's beaches) and sou+hem Yorke Peninsula (Brown's Beach,
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Troubridge Point) have been closed specifically +o exclude

salmon ne++Ing (see Appendix 1.1). A general limit of minimum

size for the taking of salmon has been set s+ 21cm (+o+al

length). There are no limits on the extent of the ca+ches made

by recreational fishers.

The dimensions, and conditions of use, of ne+s are regula+ed

also (under the Fisheries Act, 1982).

3.3.3 H i s+_or_v

Three components can be recognised in the hls+ory of the Sou+h

Australian fishery; the pre-purse-seine era, the purse-selne

era and the present era (Stanley, WFRC 1» pers.obs.). In the

years preceding 1966, the fishery mainly comprised operators of

hauling ne+s and beach seines? and the ca+ch averaged 500

tonnes (Malcolm, 1960, Stanley, WFRC 1). As early as 1955 (47

tons caught a+ Wedge Island by F.V. "Tacoma")? modified purse-

seines were employed +o encircle large salmon schools in

inshore waters. After 1966/67» the annual ca+ch doubled from a

consis+ent figure of about 500 tonnes +o 1,000 tonnes; due +o

the en+ry in+o the fishery of more large boa+s employing this

method.

3.3.4 U±LLl5£±km__Q£^_a±dLJj]^j3_utJ3_Au5+r.al_ta

Salmon caught In the marine scale fishery supply a low volume

fresh fish market of the order of 60 - 150 tonnes annually.

Some of the beach-seine caught salmon on the sou+h-cen+ral and

Kangaroo Island coas+s are sold for use as bait In the rock

lobs+er industry. Similarly, all fish caught by rock lobs+er

fishermen, by trailing, mesh-net, or beach-seine, are utilised

as bait.

Following the closure of salmon canning lines a+ Port Lincoln,

purse seine operators sought markets in in+ers+a+e canneries?

and in the rock lobs+er Industry, The rock lobs+er bait market

In Sou+h Australia exceeds 3>000 tonnes per annumj and recently
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Figure (1.4). Sou+h Australian Salmon fishing areas recognised during

the s+udy.

SOUTH AUSTRALIAN SALMON FISHING AREAS

1 West Coast
2 Southern Eyre Peninsula

3 Southern Yorke Peninsula
4 Kangaroo Island
5 South-Central Coast

6 South-East Coast

7 Gulf St.Vincent
8 Spencer Gulf
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this market has Increased in value. During the study period*

the entire purse-selne ca+ch was sold for rock lobs+er bait;

and the prices obtained were higher than those offered by

canners of product for human consump+Ion> in bo+h Western and

eastern Australia. Smaller salmon, of 30-40cm LCF, * are most

favoured as bait (pers.comm. E. Hendry).

The demand for salmon for use as bai+> or pe+-food> Is

Increasing* whereas the demand for human consump+ion is s+a+ic.

4.2 ME-mOD3 AND MATERIALS

4.2.1 Ca+ch and Effort S+a+is±l£&

S+a+ls+ics on ca+ch and effort in the commercial fishery for

Australian salmon are entered on the GARFIS ca+ch and effort

system. The system is maintained by the South Australian

Department of Fisheries and is based on monthly records kept by

fishermen* as a condition of Issue of licence. A blank form is

included as Appendix (1.2).

4.2.2. Ca+ch SamDlina - Purse Selne Ca+ches.

Ca+ches made by purse-selne vessels were sampled a+ ports of

landing (S+reaky Bay, Port Lincoln, Port Tur+on); a+ packing

facilities (Port Lincoln> Warooka); and aboard vessels a+ sea?

between se+s of the net. (see Appendix 1.1).

For each ca+ch, a++anp+s were made +o; measure the leng+h (LCF*

- leng+h +o caudal fork), +o the nearest milllme+re, of 50

fish; +o dissect 20 fish; and +o collect a sample of scales

from the area behind the pec+oral fin of each of these 20 fish.

Scales were packed in envelopes, and dried? for la+er use in

agei ng analyses.

The location and da+e of capture? and weight In kllograms, of

each ca+ch were recorded and compared wl+h fishermen's monthly

re+ums on GARFIS.
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When two or more ca+ches were s+ored in the holds of vessels,

the es+Ima+ed weight of each ca+ch was obtained from the vessel

master. Representative samples of each ca+ch were obtained

despl+e this limt+ed mixing of some ca+ches before unloading.

The majori+y of ca+ches made during the s+udy period were

tn+ercep+ed for sampling purposes; as detailed In Table (4.1).

4.2.3 LcLDLcLLaas In the Mar infi_S-caJe Fishery.

Funds from the project* fran the Ccmmonweal+h Employment

Programme (CEP), and from the SADF Research Branch were used +o

employ several fish measuring personnel a+ the SAFOOL fish

market in Adelaide, and a+ fish processors In Port Lincoln. On

each market day these s+aff measured lengths (usually two

boxes, each of 15kg net weight) of salmon landed in the marine

scale fishery. The sample weight, total ca+ch weight; da+e of

landing, name of cap+or and method of capture were recorded and

compared wi+h s+a+is+ics entered In the GARFIS da+a base.

Sampling commenced in November 1984 and ceased in February

1986.

4.2.4 Ca+ch S_amD-L"uia - Recrea+Ional FisligEy.

Ca+ches of salmon made In the recreational fishery were sampled

by research s+aff a+ welgh-lns of major angling conventions*

and by issue of survey forms for use by angling clubs

(Australian Anglers Association) a+ the weigh-ins of club

ou+ings. A survey form Is enclosed as Appendix (4.1).

The survey form was used +o collect da+a on; the location and

duration of angling; the nunber of anglers landing salmon; the

total number of salmon landed; and the maximum number of salmon

landed by an Individual angler. Measuring ki+s were issued +o

enable weigh-mas+ers +o record the lengths of salmon landed.
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Table (4.1) In+ercep+Ion o-f ca+ches made in the purse-selne fishery* and in
the marine scale fishery, during the s+udy period (kilograms
Iive-weight).

FISHERY
YEAR

1984/85 1985/86 198B/87

MARINE SCALE FISHERY

AREAS POOLED CATCH
SAMPLED

/«

1B3453
17350

10.B

139004
77043
55.4

PURSE 5EINE FISHERY

WEST COAST

STHN EYRE
PENINSULA

5THN YORK
PENINSULA

KANGAROO I5L +
STH-CENTRAL CST

CATCH
SAMPLED

x

CATCH
SAMPLED

%

CATCH
SAMPLED

%

CATCH
SAMPLED

%

140968
134065

95.1

34881
34881
100.0

B4741
B4741
100.0

243279
214074

88.0

247624
224B24

90.7

43175
29400

B8.1

35933
8308
23.1

182880
1513B2

82.8

64375
64375
100.0

117300
7G500
65.2

18075
0

0.0

98525
48250

49.0
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4.3 SAI MON DIS_SECTIQNS

For each fish dissec+ed, the following information was recorded:

. leng+h (LCF) +o the nearest mlllime+re,

. weight +o the nearest 0.25 kilograms»

. gill raker count (•first gill arch> left side),

. sex>

. presence or absence of ces+ode parasi+es on mesen+eries,

. s+omach con+en+s (identified +o species level; incidence

recorded only).

Gonads were dlssec+ed out of the body cavi+y and preserved in 10

percent sea-wa+er forma I In.

4.4 TAGGING

Plas+ic (As+ralon Ace) in+emal tags, of oblong shape» wi+h a+tached

s+reamers> were used +o tag 4>102 western salmon +hroughou+ the area

of operation of the commercial purse-seine fishery. Two sizes of

Internal tags were applted» depending upon fish size. Large tags

(50mm x 23mm x 0.5mm) were applied +o fish ranging from 35cm LCF +o

70cm LCF; whilst small tags (25mm x 11mm x 0.8mm) were used +o tag

fish of less than 45cm LCF only. Bo+h tags had rounded comers.

S+reamer colour> leng+h and material, on large tags, were varied

during the s+udy. During the 1984/85 summer; the s+reamers used were

of 8cm leng+h; of yellow colour; and were made of Pol y Vinyl ChloNde

tubing (PVC). During the 1985/86 summer, the s+reamers used were of

10-13cm leng+h; of orange colour; and were cons+ruc+ed of polye+hytene

rod. All s+reamers were of, approximately, 1.3mm in ou+side diame+er.

1+ was apparent +ha+ the short, yellow s+reamers were less visible +o

cap+ors; being easily confused wi+h +he yellow pec+oral ftns of the

fish. Dye from PVC s+reamers migrated from the ma+erial; the

s+reamers became blackened a+ poin+s of con+act wi+h fish tissue; and

a breakdown* in s+reng+h and In+egri+y> was evident for PVC s+reamers
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attached +o salmon a+ liber+y for periods of a year or so. Large tags

and s+reamer material were manufac+ured by HALLPRINT FTY.LTD. (S.A.)

and small tags were supplied by STOCKBRANDS PTY.LTD. (W.A.)

Salmon were obtained for tagging purposes from purse-selning and

beach-seining operations; or w ere— c^^

pllchard bait, or trolled lurewl+h single hook.

Fish were tagged direc+ly f ram the bun+s of fishing ne+s> or were

transferred +o holding caufs before tagging commenced. The caufs were

1.8m x 1.5m x 1.5m In dimensions and were walled wl+h 2.0cm Rachel\e>

kno+less, fishing mesh. The kno+less mesh minimised scaling and

bruising of the salmon> and prevented hook-ups between the mesh and

the hinges of the salmon's jaws; as experienced wl+h larger meshes.

The cau-fs were buoyed by fishing floa+s set on a rlgld» tubutar PVC

frame, and accommodated up +o 50 salmon of 4kg in weight. In sane

cases, the fish were held in the circulating seawa+er holds of purse-

sei ne vessels.

A restraining cradle was used +o measure and hold salmon during the

application of tags. The cradle was described by Walker (1977) and

incorporates 3 or more belts; fastened by Velcro ma+erial> which s+rap

the fish securely In+o position a+op a measuring rule; and allow easy

access +o the tagging si+e, on the left side of the -fish. Tags were

inserted a+ a po!n+ an+erlor +o, and sligh+ly off centre from, the

anus. The position of Insertion an+erlor +o the anus ranged from 3cm;

for 35 cm LCF salmon? +o 10cm; for fish of 60cm LCF.

Fish were measured +o the nearest mllllme+re; and scales were taken*

wl+h forceps? from the tagging sl+e for la+er age de+ermlnation. A

small incision was made wi+h a scalpel through the body wall and the

tag was slipped through in+o the abdcminal cavi+y. The s+reamer was

left protruding from the body wall, and was tugged ligh+ly +o anchor

the In+emal tag. Tagged fish were released from a recovery cauf> as

a single school* or were released individually. Tagging wounds healed

wi+hin several weeks; although reddish scars were s+Itl apparent

around the s+reamer exit on large salmon a+ libert/ for over one year.

There was II++le growth of algae on tag s+reamers.
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The da+es and locations of tagging operations are sLmmarised in Table

(4.2); wl+h information of the tag type employed, the capture me+hod

and the number tagged.

The ex+emal s+reamers made tagged fish readily identifiable; and tags

were returned from ccmmercial fishermen, anglers? processors and fish

packers. A choice of reward of $5.00, or a specially prln+ed "Tagged

Salmon T-shlr+"> was offered as an incentive for the return of tags,

scales, and associated Information.

The effects of tagging on salmon, shedding of Internal tags, and the

application of Internal +ags» were reviewed by Walker (1981), Stanley

(1983) and Kirkwood and Walker (1984).

No double-tagging was undertaken in the programme, due +o the cos+s

and time associated wl+h the procedure.

4.5 AERIAL SURVEY

Aerial survey forms (enclosed as Appendix 4.2) were issued +o salmon

spo+ters for use on a regular basis, and research s+aff accompanied

spot+ers on an oppor+unis+ic basis. Da+a were collected on the

position and size of schools/ their behaviour? and the es+ima+ed size

of Individuals wl+hin than. Spot+ing was carried out from single-

engine, or +wln-engine> aircraf+» flying a+ approxima+ely 300 metres

above sea level and a+ a speed of 110 kno+s.

Surveys were carried out along s+re+ches of coas+line comprising

tradl+ional fishing areas, or during the surveillance of a target

school. There was no sampling design employed, and survey effort was

spa+ially and temporal ly dependent upon commercial fishing ac+ivi+Ies.

Unlike the Western Australian fishery (S+anley, WFRC 4), no wri+ten

records are kept by spo+ters as part of normal fishing ac+lvi+ies.

Some historical da+a are available from several survey flights made in

Sou+h Australia, during 1950-1963, by Mr Hunt of the Hunt's Fish

Canning company a+ Albany.
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Table (4.2) De+atls of tagging operations conducted during the s+udy
period. Tagging locations are shown in Appendix (1.1).

OPNUM

49
1

21
n n
i.{.

48
15
14
13
50
58
10
12

G
18
11
7
8
9
5

19
42
44
43

40
39

4
37
38
47
36

TAGGING LOCATION

CAPE BAUER
SCOTT'S BAY
POINT DILLON
POINT DILLON
HIGH CLIFF
SCEALES BAY
BACK BEACH
EBA ISLAND
BACK BEACH
ANXIOUS BAY
MAD NILE POINT
SILICON BEACH
SILICON BEACH
ANXIOUS BAY
SALMON BEND
SALMON BEND
SALMON BEND
SALMON BEND
BAIRD'S BAY
UENUS BAY
ALMONTA BEACH
ALNONTA BEACH
ALMONTA BEACH

BOSTON ISLAND
BOSTON POINT
FANNY POINT
BICKER'S ISLAND
BICKER'S ISLAND
BICKER'S ISLAND
BICKER'S ISLAND

AREA
CODE

3
7
9
9

10
10
10
10
10

15
15
15
15
15
16
16
16
16
1B
17
28
28
28

31
31
31
31
31
31
31
31

DATE

2/11/85
B/10/84
1/2/85
2/2/85
27/10/85
7/12/84
B/12/84
6/12/84
22/11/85
27/1/8B
20/11/84
21/11/84
15/11/84
19/1/85
20/11/84
1B/11/84
18/11/84
19/11/84
15/11/84
20/1/85
1/8/85
3/8/85
2/8/85

18/4/85
18/4/85
26/10/84
10/4/85
11/4/85
2/10/85
9/4/85
28/9/85

NUMBER
TAGGED

340
7

64
^

1 15
3
1

11
64

168
6
1
1

235
5

11
15
12

2
3B
37
19
23

E
3

21
3

156
B1

1
B3

GEAR
TYPE

Purse-sei e

Line - pilchard

Trolling
Troll ing
Purse-seine

Troll ing

Lure casting
Trolling
Purse-seine

Purse-seine

Lure casting

Lure ca5ting

Lure casting
Purse-seine

Line - pilchard
Line - piichard
Line - pilchard

Line - pilchard
Trolling
Trolling
Line ~ pilchard
Line - pilchard
Line - pilchard

Trol1 ing

Trolling
Trolling

Trolling
Purse-seine

Purse-seine

Troll ing
Purse-seine

L
L
L
L
L
L
L
s
L
L
L
L
L
L
L
L
L
L
L
s
L
L
L

s
s
L
L
L
L
L
L

TA6
TYPE

L
5
s
s
L
s
s
5
L
L
5
s
s
s
s
5
s
s
s
s
L
L
L

s
s
s
5
5
L
s
L

0
Y
Y
Y
0
Y
Y
Y
0
0
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
0
Y
0
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Table (4.2) Con+Inued

23
35
34
27
28

32
24
45
2B
52
31
33
25
51
55
29
SB
17
57
61
16
30
62
54
53
59
60
41

3
t-1

c.

B3
20

CORNY POINT
BERRY BAY
POINT TURTON
POINT TURTON
UATTLE BAY

CAPE D'ESTAING
CAPE D'ESTAING
WHITTLE BAY
STOKES BAY
SMITH'S BAY
CAPE D'ESTAING
CAPE D'ESTAING
STOKES BAY
HOG BAY
BALLAST HEAD
MARSDEN POINT
HOG BAY
HOG BAY
HOG BAY
HOG BAY
HOG BAY
NARSDEN POINT
BALLAST HEAD
HOG BAY
BALLAST HEAD
HOG BAY
HOG BAY
CAPE COUTTS
D'ESTREE BAY
D'ESTREE BAY

RAPID HEAD
SEAL ROCKS

33
33
33
33
40

41
41
41
41
41
41
41
41
42
42
42
42
42
42
42
42
42
42
42
42
42
42
44
49
49

44
45

10/2/85
21/3/85
19/3/85
21/2/85
27/2/85

13/3/85
16/2/85
11/9/85
17/2/85
7/1/8B
11/3/85
14/3/85
17/2/85
22/11/85
10/1/8B
5/3/85
23/1/86
4/1/85
24/1/86
21/2/86
3/1/85
6/3/85
20/2/8G
9/1/8B
9/1/86
20/2/86
21/2/86
1/5/85
23/10/84
23/10/84

23/2/86
2B/1/85

15
89

104
103
56

I
3

51
88

133
4

26
79
83
30
40

136
102
201
175
186
129

96
145

1
105
103
142
29
56

105
7

Trol1 ing
Purse-seine

Purbe-seine

Furbe-seine

Purse-seine

Trol1 ing
Trol1 ing
Purse-seine

Purse-5eine

Purse-seine

Trolling
Trol1 ing
Purse-seine

Beach-5eine

Purse-seine

Pur-se-seine

Beach-beine

Beach-seine

Beach-selne

Beach-seine

Beach-5eine

Purse-seine

Purse-seine

Beach-seine

Trol1 ing
Beach-selne

Beach-seine

Purse-seine

Purse-seine

Purse-seine

Purse-seine

Line - pilchard

L
L
L
L
L

L
L
L
L
L
L
L
L
L
5
5
L
L
L
L
L
L
5
L
s
L
L
s
L
L

5
L

s
5
5
s
s

s
s
L
s
L
s
s
s
L
L
5
L
5
L
L
s
s
L
L
L
L
L
s
5
s

L
s

Y
Y
Y
Y
Y

Y
Y
Y
Y
0
Y
Y
Y
0
0
Y
0
Y
0
0
Y
Y
0
0
0
0
0
Y
Y
Y

0
V

L L 0 = TAG SIZE STREAMER LENGTH STREAMER COLOUR
L = LARGE L = LONG (12 cm) Y = YELLOU PUC
S = SMALL S ° SHORT (8 cm) 0 = ORANGE POLYETHYLENE
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4.6 DATA ANALYSES

All da+a were entered on electronic da+a bases using IBM personal

computers. A tagging da+a base was built using RBASE software

provided by the Mi cror I mGorpoFa+4on^^r^^^^^^^

spread shee+s using LOTUS 1-2-3. Graphs were prepared using GRAFTALK

software (REDOING GROUP INC.) and Hew Ie+t-Packard plo+ters.

S+a+Is+ical analyses were performed using SPSS and programs written by

s+aff of the SADF Research Branch.

4.7 VALIDATION OF AGE I NQ_ANALY5£S.

Salmon were aged by reading checks in circuit? laid down on scales.

1+ has been proposed +ha+ these growth checks are laid down on an

annual basis (NicholIs, 1973> Stanley, 1980b). To validate the scale

reading* tagged fish were aged a+ release and upon recapture. Under

the assumption +ha+ de+ermina+ion of age a+ release was correct, the

observed age a+ recapture was compared wl+h the expec+ed age in Table

(4.3).

Table (4.3). Confidence Interval for the probabili+y> p> of observed age
a+ recapture equal I ing expec+ed age.

N = 77

n = 58

Number of fish aged a+ release and recapture

Observed age a+ recapture equals expec+ed age

Observed age not equal +o expec+ed age n = 19

95% Confidence Interval for p = (0.65 - 0.84).

The probability +ha+ checks were laid down annually* and read

accordingly? was reasonable for the present ageing analyses. However,

scales from all salmon caught on the West Coast were ex+remely

difficult +o read* and checks on scales of fish older than 5+ from

more eas+erly areas were also difficult +o in+erpret.
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5.1 THE PRESENT .STATE OF THE SOUTH AUSTRALIAN COMMERCIAL FISHERY FOR

AUSTRALlAi'L-SALMQI')

Wi+h the in+roduc+ion of a purse-seine componen+ i n+o the Sou+h

Australian fishery, Stanley (WFRC 1) recorded sane changes in the

localities fished and size-classes exploited, during the period 1975-

78. Between fishing areas (see Figure 1.4) the West Coas+ had assumed

more importance; and the Spencer Guif-sou+hern Eyre Peninsula area>

less importance. Wi+hin fishing areas, shlf+s In capture local i+ies

were recorded; on the West Coas+» +o the wes+em por+ionj in bo+h

Gulfs; +o the southern por+lons; around Kangaroo Island? frcm the east

+o the south and west coas+s; and on the Sou+h-Cen+ral coas+» from the

east +o the west of Cape Jervis.

The increase in purse-seine ca+ch involved an increase in the ca+ch of

younger 1+ fish/ and an increase in the ca+ch of older 3+ +o 6+ fish.

Associated wi+h the rise in exploi+a+ion of 1+ fish» was an increase

in the overall percentage recovery ra+e of tags; from 6-9% (1952-

64) +o 2\% (1974-76). Despi+e the increase in exploi+a+ion of 1+ fish,

there was no evidence of a decline in numbers of older salmon in South

Australia/ or of the ca+ch of adul+s in Wes+er-n Australia. Al+hough

the Sou+h Australian ca+ch reached i+s highest level (1897 tonnes) in

the period 1972-74, when the Western Australian ca+ch was a+ a low

level; Stanley (V/FRC 1) found no correlation between ca+ches in Sou+h

Australia and Western Australia; over a 15 year range.

The South Australian ca+ch of salmon; by area, mon+h and gear type; is

shown for the period 1983-86 In Tables (5.1), (5.2) and (5.3). The

aggregate quo+a of 1,000 tonnes has not been at+ained since 1982/83;

because of adverse wea+her conditions and a reduction In effort, not a

decline in salmon abundance.

During the study period, three special quotas were brought under the

control of one company. This had the effect of reducing effective

effort +o the full-time ac+ivi+ies of one purse-seine vessels and the

par+-+ime ac+ivi+ies of another. The latter vessel was seasonally

engaged in the pole-and-11ve-bai+ fishery for +una< and fished for

salmon only during October and November of 1984 and 1985; and not a+
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all during 1986. The tack of interest during 1986 reflected econanic

considerations* not a lack of salmon schools.

Adverse, unseasonal wea+her conditions during all three sunmers, from

1984-1987* prevented the major quo+a holder from obtaining t+s quo+a.

Thus> the purse-seine fishery has not been s+able enough recently +o

enable detailed comparisons +o be made wl+h patterns observed by

S+anley (WFRC 1) for the 1970's. In the present fishery, ca+ch does

not dlrec+ly represent abundance In the fished area? especially on the

West Coast. Seasonal and spa+Ial variations In abundance were evident

for specific areas* and gear types; although the variabill+y In purse-

seine ca+ches obscures these da+a in Tables (5.1) and (5.2). For

example, the monthly ca+ch for area 45> on the Sou+h-Cen+ral coas+» is

shown in Table (5.4). The main method used there was mesh-net+Ing,

and predominantly large salmon were caught during the summer. The

importance of this movemen+ is discussed in Sec+lon (9.2.3).

Although purse-seine vessels were of+en forced +o concen+ra+e on

schools along lee-shores; the shif+s in capture loca+Ion> reported by

Stanley (WFRC 1)> have been maintained. Salmon were caught mainly on

the West Coast, around Kangaroo Island, on the Sou+h-Cen+ral coast and

on the sou+hem ends of Yorke and Eyre Peninsulas.

Despi+e the lowered level of ca+ch> there was no shift of big schools

back +o the areas where salmon were of ten caught in the pre-purse-

seine era; Wedge Island, the Al+horpes and Spencer Gulf waters. The

abundance of salmon along the Sou+h-Cen+ral coast was reported +o be

the greatest since the last decade, and effort was concen+ra+ed there

by a purse-seiner during 1985-87.

Salmon are caught mainly in sunmer months, by all methods. During

this time; (1) beach-selne teams intensify effort along the sou+h-

central coas+> and on the nor+h-eas+ coas+ of Kangaroo Island; (2)

rock lobs+er fishermen troll and mesh-ne+ salmon, for use as bai+» in

the sou+h-eas+; and (3) salmon are caught, inclden+ally or

in+en+ionat Iy^ by the use of hauling ne+s In the upper regions o-f bo+h

gulfs> and in enclosed bays. Mesh-ne+s are used +o capture small

juvenile salmon In the waters of the Coorong lagoon; annual ca+ches

there are given In Table (5.7).
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Table (5.1) Salmon ca+ch by area (Itve-welght; kilograms) for the period
1983-86. All methods pooled; Coorong landings shewn In Table
(5.7).

FISHING
AREA

West Coast

Southern Eyre
Peninsula

Spencer Gui f

Southern Yorke
Pen!nsul a

Kangaroo
Island

Gulf S+ Vincent

Sou+h-Cen+ral
Coast

Sou+h-East
Coast

CODE

1

2

8

3

4

7

5

6

1983/84

95,380

68,196

14,730

120,255

57,630

9,217

31,665

19,698

1984/85

153,058

37,893

10,034

70,953

213,673

11,153

105,259

18,995

1985/86

254,982

51,082

18,894

39,872

63,696

17,417

186,303

14,689

1986/87

95,683

197,852

23,573

21,415

90,196

10,330

54,130

13,572

Other 31,160 964 1,627

TOTAL 447,931 621,018 648,616 506,751^

* un+it 30/3/87
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Table (5.2) Salmon ca+ch by mon+h (Live-weight; Kilograms) for the period
1983-86. Coorong landings not included.

MONTH 1983/84 1984/85 1985/86

July
August
September
October
November
December

January
February
March
April
May
June

5607
3699

10750
150947
88707
55278
18800
44473
40314
17431
4736
7189

11198
26584

4365
60712

116486
11077
60953
95672
84374
9488

133455
7615

9917
1898
7634

78423
181320
29097

108617
88734
84351
21692
30126

6807

Table (5.3) Salmon ca+ch by gear type (IIve-weight; kllograms) for the
period 1983-86. Coorong landings not included.

GEAR TfPi 1983/84 1984/85 1985/86

Purse-Seine

Hauling-Net
Mesh-Ne+

Hand IIne/Trol
Other

ing

331,
87,
11,
16,

410
800
419
490
812

491,
88,
11,
30,

121
538
108
958
257

509,612
108,553

19.139
10,505

717

447,931 621,982 648616
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Table (5.4) Ca+ch by mon+h for area 45 on the Sou+h-Cen+ral coas+;
kilograms IIve-welght.

YEAR

MONTH 1983/84 1984/85 1985/86

July

August

September

October

November

December

January

February

March

April

May

June

0

0

6

1586

1732

1074

1023

167

679

15

0

0

0

0

0

522

1392

1005

1062

862

261

0

0

0

12

15

0

520

1698

1235

2210

1653

672

6

0

0
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Beach-selne operators on the Sou+h-Cen+ral coast and on the nor+hem

coast of Kangaroo Island supply the bulk of the IIml+ed fresh fish

market. Some of these opera+ors have formed teams of two licensees;

each holding a netting endorsement, and having an upper limit on ca+ch

^_^Q^^^^^__^

salmon annually.

5.2 WE USE OF PURSE-SEINES FOR THE CAPTURE OF SALMON

The term "purse-sel ne" is a mis-ncmer when applied +o the fishing

operations undertaken by the holders of special quota. A review of

the operation is given here +o allow better understanding of this

fishery for salmon.

Salmon schools are spotted from aircraft* which direct the carrier

vessel +o target schools; usually only those of a+ least 15 tonnes in

size. The salmon are netted in, or behind* the surf zone close +o

shore.

Four factors are essential for a successful operation +o be mounted;

(1) sea conditions of negligible ground swell* or wave-ac+Ion; (2) a

smoo+h sea-bed free of unbroken rock; (3) lt++le current or tidal

movement; (4) shallow wa+er depth; and> a s+a+ionary, or slowly

moving* school of salmon which are not "fligh+y" in nature. These

four factors describe the "posl+ton" of the school.

Once spotted* the target school Is continuously moni+ored un+1I i+s

"position" is favorable. During the study, one vessel waited for

several months for conditions +o become suitable on the West Coas+ for

a school +o be fished.

When conditions become favorable, a large (7m) net sklff of shallow

draught is launched from the carrier vessel, wl+h two tender dlnghies.

A 600 metre net is loaded aboard the skiff> which se+s off +o encircle

+he school. The net has a bunt section, and varies in dep+h along i+s

length; up +o 13 metres. Purse rings are a++ached by slings +o the

lead-line for all except a single wing panel of the net.
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Vi'l+h the aid of c rowing dlnghy con+aining a portion of the wing, the

net skiff carefully shoo+s the net around the school +o form c circle.

Once the net Is joined, two divers from a hookah tender are

immeclia+ely employed +o haul the lead-line along the sea-bed and

across obstacles; and +o ensure the free passage of the purse-IIne

through the rings. Meanwhile, the rowing dinghy is used +o position

numerous grapples and anchors; +o hold the net ski ff in place and

prevent the net collapsing upon i+self In prevailing wind or tide.

The lead-line remains on the sea-bed a+ all times. The net is hauled

in+o the sklff by hand, wi+h the strain taken up on the purse-line by

careful use of a hydraul ical ly-driven wlnch. Divers assist wl+h

hauling underwater, +hroughou+ the set. The school Is gradually

driven In+o the bunt section. When pursing-up Is comple+e> the sklff»

bunt full of f 1 sh and dinghies» are winched out in+o deeper wa+er.

Anchor lines are paid out from the skiff as i+ is moving ou+ward +o

the carr ier vessel.

The salmon are bralled out of the bun+ 1 n+o holds con+alning

refrigera+ed sea-wa+er, and the tempera+ure of the ca+ch is reduced

rapidly +o the range 00-20C. The ca+ch is prevented, by pound boards*

from moving during transit. The product is usually of excellent

quality; retaining colour, rigor and freshness for several days.

The entire operation is complex^ of+en of many hours duration, and

involves a high element of risk of loss of vessels and equipment.

Wea+her condi+ions often becane favorable for a set just before a

change In wind dtrec+Ion; heightening the risk.

5.3 LENGTH AND AGE COMPOSITIONS OF CATCHES IN THE COMM£B£lAL_EJLSy£BI

The ca+ch composition* by leng+h? for the ccmmercial fishery is shown

in Figure (5.1) for the years 1984/85 and 1985/86. Results were

obtained by raising sample measurements +o ca+ch weights* and finally

+o +o+al ca+ch. There are three main features of these da+a; (1) the

large numbers of small and large size classes taken in bo+h years; (2)

the absence in 1984/85 of salmon of 38-49cm LCF; and (3) the

prevalence of fish of this leng+h In ca+ches made during 1985/86.

The ca+ch is par+t+Ioned> by me+hod for bo+h years* in Figure (5.2).
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In terms of leng+h a+ first capture, salmon became fully recrui+ed

in+o the marine scale fishery a+ lengths +o caudal fork between 20cm

and 30cm; and in+o the purse-seine fishery* between 30cm and 40cm.

Large salmon* from 55-65cm LCF were landed in the marine scale

1:ishery> by beach-seine and mesh-net; but +o a far lesser extent than

in the purse-seine fishery. The gjg^yyj^p^g— ^g.^p-gg jg

outlined further In Section (9.2.3). Salmon of less than 55cm LCF

predominated in bo+h sectors; and during bo+h years the leng+h

composition of ca+ches did not overlap significan+1y between sectors.

Superfid at Iy, i+ appears +ha+ there has been a failure in

recrul+men+> and/or a very good recrui+ment, in 1984/85 of the size

classes between 38-49cm and 30-40cm» respectively. However, ca+ch did

not represent abundance during those years; for the reasons given In

Section (5.1)> and the da+a are insufficient for further ccmmen+. As

salmon move in+o exposed areas of adult habi+at they leave the.marine

scale fishery and become fully recrui+ed in+o the purse-seine fishery.

The numbers of fish caught in the marine scale fishery (MSF) and the

purse-seine fishery (PS), were broadly similar in magnitude (MSF : PS

1984/85 = 201,000 : 267,000 ; 1985/86 = 164,000 : 289,000) despl+e the

great differences in ca+ch weight.

The age and leng+h composi+ions of purse-seine ca+ches are sunnmansed

as ca+ch curves for the past three seasons in Figure (5.3); by

plotting Loge of the nunbers present? In ca+ches* of each age group.

Full recrui+ment in+o the fishery occurred during 1984/85, 1985/86 and

1986/87 a+ ages of 1+> 2+ and 2+> respectively. From an age of 5+

onwards^ salmon disappear from ca+ches; presumably migrating away from

Sou+h Australia +o spawn in V/estem Australia. Incomplete da+a were

obtained for 1986/87? but the previous years show consis+ent ca+ch

curves.

The purse-seine ca+ch is further dissec+ed by fishing area; In Figure

(5.4) by leng+h composition; and) in Figure (5.5) by age ccmposi+ion.

1+ is considered +ha+ the purse-seine ca+ch did represent abundance,

of fully recrui+ed age groups; during 1984/85? around Kangaroo Island;

during 1985/86 on the far West Coast; and during 1986/67, along

Southern Eyre Peninsula. Fishing was relatively in+enslve a+ those

times and places.
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A+ other +Imes> fishing was carried out according +o the spa+Ial and

temporal constraints Imposed by the adverse, unseasonal wea+her

conditions.

The largest, oldest salmon were most prevalent on the West Coast, and

on the sou+h coast of Kangaroo Island. Salmon of age 6+ were found In

purse-seine ca+ches only a+ Anxious Bay and Back Beach (Corvisart Bay)

on the West Coas+.

From these ca+ch curves I+ Is suggested +ha+ salmon leave the purse-

set ne fishery a+ ages of 5+ onwards; although fish appear +o begin

movement from the Sou+hern Eyre Peninsula (Bos+on Bay) area a+ an age

of 3+ +o 4+.

These da+a are summarised In Tables (5.5) and (5.6) for comparison

wi+h two previous decades of ca+ches in the purse-setne fishery. The

fishery has recently operated a+ a much lower level than these

previous periods. Average ca+ches during the periods 1975-78 and

1984-87 were, respectively; 762 tonnes and 421 tonnes. Associated

wl+h the reduc+ion In ca+ch? there has been no marked change

discernible In the relative nunbers of older fish caught. Hcwever,

since the period 1975-78, the relative number of small (<40cm LCFL

young (1+) salmon has decreased in the purse-selne ca+ch. In 1984/85?

this age group predcmina+ed In the ca+ch; but declined in importance,

relative +o 2+ -fish, in 1985/86 and 1986/87.

1+ Is possible +ha+ reduced compe+I+ion between boa+s» and reduced

effort, has shlf+ed exploi+a+lon away from 1+ salmon. In sane

fisheries? over-f I sh i ng Is marked by disappearance of older year

classes from ca+ches; a+ progressively younger ages. There Is no

recent evidence of such a shift, although ca+ch does not direc+ly

represent abundance.

Despi+e the lowering of ca+ch In Sou+h Aus+ral ia/ there has been an

overall Increase In the recovery of tags; from 21% in 1975-78, +o 32%

in 1984-87.
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5.4 CATCH COMPQ5FE tQN_-^_OIUER GEAR__Tl'PES

The length composl+lons of ca+ches made by use of different gear

types. In the marine scale fishery, are shown In Figure (5.6) for the

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ ^

marine scale fishery was given In Table (4.1).

The use of beach selnes is not distinguished from the use of hauling

ne+s In the GARFIS da+a base. However the da+a presented In Figure

(5.6) were constructed dlrec+ly from market measuring and do give an

accurate es+ima+e of the ca+ch composi+lon.

Trolling, hand-linlng, and the use of haul ne+s In ring-sho+s* power-

hauling and draln-off sho+s» all resulted In ca+ches of salmon of less

than 50cm LCF. Salmon were fully recrui+ed In+o the hauling net

fishery immediately upon a++ainmen+ of the minimum legal leng+h.

Individuals larger than 30cm LCF were caught by trolling and hand-

Iine> although only a small percentage of the ca+ch was sampled.

Salmon from 50-66an LCF were landed in the marine scale fishery only

by the use of beach-seines and mesh-ne+s. These large fish were

caught on the nor+h-east coast of Kangaroo Island* on the Sou+h-

Central coast; and by rock lobs+er fishermen a+ Sceales Bay* on the

West Coast. Beach-seines were employed in simmer months +o take large

salmon for ba{+. In the Sceales Bay - S+reaky Bay area.

Mesh-ne+s were set overnigh+ In shallow water from rocky shores? +o

ca+ch salmon» mulloway and shark moving along the coast. No measuring

was undertaken of the ca+ch by this method in the Sou+h-East, where

the ca+ch is used as bait for rock lobs+er.

Ca+ches In the Coorong lagoon have not been included In the present

analysis; but are significant? tn terms of the nunbers of small salmon

cap+ured. Yearly ca+ches are listed In Table (5.7). The ca+ch is

comprised almost solely of 0+ fish less than 30cm LCF (pers.comm. D.

Hall), caught by mesh-net+ing.
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Figure (5.1). Ca+ch composl+lon by length, by year; all methods pooled,
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Figure (5.2). Ca+ch composl+ion by leng+h* by year, by fishery; for

1984-86. Coorong ca+ches not Included.
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Figure (5.3). Age and length compositions of purse-selne ca+ches

summarised for years 1984-1987; areas pooled. Increments

of five cen+tme+res In leng+h +o caudal fork, and one year

in age.
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Figure (5.5) Purse-seine ca+ch by area by year; ca+ch curves for the

period 1984-87. Increments of one year in age.
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Table (5.5) Estimated numbers (thousands) of salmon in 5cm length (LCF) classes, caught in the purse-seine fishery in all areas
during three decades. Data from previous studies summarised from Stanley (WFRC 1). !

YEAR

1964

1965

1966

1967

1968

1975

1976

1977

1978

1984

1985

*1986

AVERAGES

1964-5

1966-8

1975-8

1984-7

-35

11

23

25

32

6

137

9

179

73

57

26

7

17

21

100

30

36-40

156

96

55

96

64

110

65

162

51

72

29

45

126

72

97

49

41-45

97

42

16

61

38

59

62

73

49

5

99

30

70

38

61

45

46-50

11

55

53

82

68

86

144

65

86

19

58

30

33

68

95

36

51-55

11

31

214

51

69

36

62

28

40

36

31

29

21

Ill

42

32

56-60

2

3

31

84

78

80

21

46

34

60

22

13

3

64

45

32

61-65

11

1

1

61

41

46

19

25

9

17

22

9

6

34

25

16

66-70

6

3

2

5

2

1

1

1

2

1

3

2

2

1

TOTAL
CATCH
(NUMBERS)

305

251

395

470

366

559

384

579

343

267

289

163

279

410

467

241

ITOTAL
ICATCH
I(TONNES)

392

301

835

988

820

985

690

795

581

458

509

298

346

881

762

421

%
OF CATCH
SAMPLED

34

26

27

86

93

91

98

86

80

98

81

63

* Until 28/02/87
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Table (5.6) Age composition (thousands) of the purse-seme ca+ch for all areas*
during two decades. Da+a from previous s+udtes sunmarlsed from

Stanley (WFRC D.

YEAR 1+

AGE

2+ 3+ 4+ 5+ 6+

TOTAL

NUMBERS

CATCH WEIGHT

(TONNES)

1975

1976

1977

1978

1984/85

1985/86

*1986/87

218

66

277

106

108

36

10

154

147

208

146

40

148

87

80

122

61

66

66

50

45

69

43

21

22

31

25

5

44

9

12

4

10

12

5

5

4

0.2

0.4

570

387

583

344

255

271

152

985

690

795

581

458

509

298*

95%
confIdence
IIml+s of
leng+h range

LCF (cm)

AFTER STANLEY (1981)

32 35 43 52 56 58

40 53 61 65 67 69

lower

upper

* un+il 28/02/87
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Table (5.7). Ca+ches of juvenile salmon In the Coorong lagoon (kilograms
Iive-weight).

YEAR CATCH

1976/77 12574

1977/78 2895

1978/79 8795

1979/80 21072

1980/81 15862

1981/82 12000

1982/83 15000

1983/84 2900

1984/85 1000

Ca+ch in the Coorong does not direc+ly reflect abundance, because of

environmental variabill+y. The outflow of the Murray River causes

great changes In the salini+y of the fished area.
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5.5 WE USE OF CATCH-PER-UNIT OF EFFORT IN THE SALMON FISHERY

In biological management of commercial fisheries i+ Is usually assumed

+ha+ ca+ch-per-unlt of ef •fort (C/E) is propor+ional +o s+ock abundance

(P)> wl+h a fixed consTan^"^^^^

coefftclent)> q. The relationship C=qEP is combined wl+h an

appropriate model of population dynamics +o produce a dynamic fishery

model* which can be used as a basis for management policy (dark and

Mangel> 1979). The major assump+ions underlying this rela+tonship

per+aln +o the fishing process; particularly +ha+ a) an appropriate

unit of effort (E) Is available; b) +ha+ fishing consls+s of a

random search for fish; and c) +ha+ alI fish in the s+ock are equal ly

vulnerable +o capture.

All three assunp+ions are violated In the -fishery for western salmon.

No unit of effort has been found suitable for application +o the

beach-selne and purse-selne fisheries. The capture of salmon schools

by purse-selne Involves a large component of "waiting" time. The

size of ca+ch from a school depends upon size of the school, wi+h an

upper limit Imposed by holding capacity of the fishing vessel. The

success of a fishing trip is Independent of i+s duration; bu+> ra+her»

depends upon wea+her» sea-bed terrain and behaviour of fish schools.

Searching for schools and fishing is carried out in traditional

fishing areas; not on a random basis. Salmon school by size and not

all schools are vulnerable +o capture.

6.1 THE PRESENT STATE OF THE RECREATIONAL FISHERY FOR AUSTRALIAN SALMON IJj

SOUTH AUSTRALIAN WATERS

Recreational fishers in Sou+h Australia are not required +o purchase a

licence for access +o the salmon resource; nor do they re+um ca+ch

and effort s+a+Is+ics on their ac+ivl+ies. Thus? the ex+en+ of their

ac+ivi+les are largely unknown. Several Australian studies have

es+ima+ed the economic value of angling (Kirkegaard, 1985) but few

have es+ima+ed recreational ca+ch (Pollock and Williams, 1985> Henry

1984).
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1+ is a well known paradox +ha+, while average ca+ch rates by anglers

are low* the recreational ca+ch can form a subs+an+ial proportion of

the +o+al ca+ch In a -fishery; due +o the large nLmbers of fishers

par+lcl pa+i ng. In many wel 1-docijnen+ed cases in America, the ca+ch by

anglers far exceeds +ha+ of the professional sector (Cunningham e+

al.» 1985) and the fisheries are managed accordingly.

Walker (WFRC 6) es+ima+ed the salmon ca+ch by Wes+em Australian

anglers from tag re+ums. He found +ha+ ama+eur fishing effort had

increased markedly in the period 1950-81> because of better access +o

fishing locations and the provision of more time for leisure

ac+ivi+ies. During the period 1975-81 anglers recovered 22.3-46.7

percent of all tags returned. The average ca+ch» Including tagged

fish» on the occasion an angler recaptured a tagged salmon was 4.4

fish in 1975; 4.6 in 1976; and-8.6 in 1977.

Successful anglers generally were local people of the sou+h-wes+>

ra+her than visitors from the Perth me+ropolI+an area. They operated

year-round and of+en in locations inaccessible +o the professional

beach-seine fishery. A+ times, when salmon schools remained wi+hin

casting range, ca+ches by groups of anglers were observed +o be very

large, despl+e the limit on ca+ch of five salmon per day; a+ Canal

Rocks, the ama+eur ca+ch was up +o 2 tonnes (500 fish) an evening in

February, 1983 (Walker, 1983).

The informa+ion presented here is derived from surveys of ama+eur

ca+ches through; (1) interviews of anglers recovering'tags; and> (2)

monitoring of the club "welgh-lns" a+ Australian Anglers Associa+ion

(A.A.A.) ou+Ings. The interview forms used in bo+h surveys are

included as Appendices (6.1) and (4.1), respectively.

6.2 METHODS OF OPERATIOM

Since 1970, there have been changes in the Sou+h Australian fishery

for Australian salmon. Most impor+an+ly, vehicular access +o

recognised salmon beaches has been vastly up-graded. The locations of

these beaches have been widely publicised by country councils, and the

angling media; of+en through fishing conven+ions a+ which salmon are

the species sought. There has been a great increase in the ownership
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of four-wheel-drive-vehicles during this period? and li++le of the

coast new remains Inaccessible. Angling tackle, in the form of nylon

lines, hollow fibreglass rods and quality geared reels, has become

more efficient and cheaper in relative price. 1+ Is presumed +ha+

angling effort has become more Intensive and more effective as a

result- of these changes.

Associated wi+h these discernible changes has been a doubling In the

recovery of tags by anglers? as a propor+ion of the +o+al number of

tags returned from South Australia; from 16% in 1975, +o 30% in 1984-

87.

The target specles» gear types employed and fishing pla+form are given

In Table (6.1) for tags recovered by anglers. The majority of tagged

salmon were caught by shore anglers using pllchards for bait, on

linked hooks* wl+h the in+en+ion of ca+ching salmon.

The few tags recovered by boat anglers fishing for whi+ing shows the

relative unlmpor+ance of larger salmon, as by-ca+ch. In this major

sector of the recrea+ional fishery. Tags recovered from this sector

of the recreational fishery* and from the recrea+ional use of mesh-

ne+s, were from the smal lest (25-35cm LCF) size classes tagged. These

smaller salmon are sought; and caught; by ama+eur ne++ers» especially

in the Coorong lagoon and Boston Bay (D. Hal 1> pers.comm.* Jones»

1986).

Most anglers (71.5%) reported +ha+ they were not fishing In the

vlclnl+y of visible salmon schools when tagged salmon were caught.

The most common method involved casting weighted pilchards In+o holes

and gutters of surf beaches> and passively waiting for strikes. Boat

anglers mainly fished visible schools? by actively trolling? or

cas+ing> lures in+o the vlclni+y of the school.

The home areas of anglers ca+ching tagged salmon were (by nunber o-f

tags recovered); Adelaide me+ropol I+an area (28.3%); towns nor+h and

west of Adelaide (32.7%); towns south and east of Adelaide (36.4%);

and> Victoria (2.6%). The distances travel led; from home address +o

fishing location? by anglers who caught tagged salmon are summarised

in Figure (6.1). There are three main peaks in the da+a> which can be
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Table (6.1) Target species, gear type employed and fishing pla+form when a
tagged salmon was recovered by an angler.

TARGET
SPECIES

Salmon

Mullow ay

Whi+ing

Mu 11 e+

Snook

Tommy Ruff

Any Species

Salmon and
Mulloway

Salmon and
MuI let

Salmon and
S nook

Salmon and
Tommy ruff

Salmon and
any species

N records

N
TAGS

212

13

8

2

1

2

6

14

1

1

2

7

269

%

78.8

4.9

3.0

0.7

0.4

0.7

4.8

5.2

0.4

0.4

0.7

2.6

GEAR
USED

Pilchard Bait

Other Bait

Lure Casting

Trot I ing

Mesh Net

Spearf ishing

N records

N
TAGS

198

64

20

19

2

2

305

%

64

20

6.

6.

0.

0.

.7

.9

5

20

65

65

PLATFORM

Beach

Rocks

Boat

Wharf

N records

N
TAGS

181

52

48

22

303

%

59

17

15

7.

.7

.1

.8

2
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Figure (6.1). Distances travelled +o fishing loca+ions by anglers who

caught tagged salmon.

DISTANCES TRAVELLED BY SALMON ANGLERS
N - 260 TAG RECOVERIES
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Figure (6.2). Leng+h composi+ion of ca+ches made by A.A.A. clubs during

ou+ings; sample da+es and locations pooled.
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a+tribu+ed partially +o; (1) Por+ Lincoln-based anglers fishing Eos+on

Bay; (2) Adelaide - based anglers fishing a+ Yorke Peninsula, and Port

Augus+a - based anglers fishing the West Coas+; and> (3) Adelaide-

based anglers travel 11ng long distances +o fish the West Coas+.

The salmon population +hroughou+ the S+a+e provides recrea+ion +o

anglers from local centres and the Adelaide me+ropolI+an area.

6.3 LEt'KlTH_CQMPQS_ IT I ON. OF_THE BECREAI I ONAL__CAICH

The lengths of salmon cap+ured during 62 ou+ings by angling clubs are

given in Figure (6.2). No distinctions are made between areas fished

or seasons. The major portion of the sample comprised 20cm LCF (just

above the legal limit on minimum length) +o 40cm LCF salmon in the 0+

- 2+ age groups. Errors in salmon measurement by anglers probably

caused the peak of 32cm fish. Jones (1983a) reported similar findings

for a West Coast angling compe+1+Ion covering bay, beach and rock

fIsh ing.

Surveys of club ou+ings were biased by,' (1) the lack of salmon landed

on most trips (see Sec+ion 6.4); (2) the use of techniques aimed a+

ca+ching species o+her than large salmon; and; (3) the res+ric+ed

number of surveys completed.

The use of tag returns* in estimating length composi+lon? is biased by

the large proportion of large salmon in the tagged sample. In terms

of mean length a+ recapture (in bo+h Sou+h Australia and Wes+em

Australia), salmon caught by anglers were 51.94 .1 11.38cm LCF; and

those caught by professionals, 53.76 ± 11.39cm LCF.

6.4 CATO-I RATES

The average ca+ch ra+e, for anglers returning tags, was 3.10 ± 4.10

salmon per angler hour. The average ca+ch> including the tagged

individual, was 12.20 ± 18.77* upon each occasion a tag was recovered

by an angler. From Figures (6.3) and (6.4) i+ can be seen +ha+ most

anglers caught only 1-5 salmon, a+ a ra+e of 0.01-1.0 salmon per

angler hour; each time a tag was recovered. These results cannot be

compared dlrec+ly wl+h those of Walker (WFRC 6)? as he provides

average values only; and no indication of variance from those

averages.
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Figure (6.3).
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The tails of high values in Figures (6.3) and (6.4) were due +o large

ca+ches of salmon made by anglers from boa+s. Ca+ch ra+es on

different fishing platforms are given in Table (6.2).

These es+Ima+es were biased by the fact +ha+ anglers usually fish from

boa+s in groups; but, when completing Interview forms, they of ten

assigned the entire ca+ch +o their personal hours spent fishing. 1+

is concluded, therefore, +ha+ the tails of high values represent group

fishing efforts. This bias is added +o, fur+her» by the fact +ha+

unsuccessful trips were not included in interviews; anglers returning

tags were always successful, having landed a+ least one salmon.

The survey of A.A.A. clubs did Include trips during which no salmon

were caught; and there were many such ou+ings for the majority of club

anglers. The total nimbers of salmon landed during 60 ou+lngs Is

given in Figure (6.5). No salmon were caught during 24% of the

surveyed even+s, and the entire salmon ca+ch comprised less than 10

fish for 47% of the successful ou+Ings. However? there was a

particularly successful club, based on Eyre Peninsula, which regularly

recorded the larger ca+ches figured. 1+ must be stressed here +ha+

the surveyed ou+ings did not all involve angling specifically for

salmon.

When these ca+ches are related +o angler effort. In Figure (.6.6'), i+

is evident +ha+ ca+ch rates were generally low. The average ca+ch ra+e

was 0.27 ± 0.52 salmon per angler hour, wi+h a long tail of higher

values up +o 2.3 salmon per angler hour.

The skewed dts+ribu+ion of all da+a presented in Figures (6.3) - (6.6)

reflects the schooling behaviour of the sub-species and the ranges In

angler skill* wea+her condi+ions and produc+ivl+y of different

locations. For the angler> low average ca+ch rates are offset by the

relatively high unit weight of the ca+ch, and the knowledge +ha+>

should a school visit the fishing locB+ion? large ca+ches can be made.

A+ such times, over one tonne of salmon have been landed during club

out ings. However, the ca+ch is limi+ed by the ability of the angler

+o transport i+s bulk, by foo+. Boat anglers do not have such

limi+a+Ions and» In Western Australia, anglers often exceed the bag

limit when trolling from power-boa+s (Walker, 1982b).



56

Figure (6.5). Number of salmon landed during 60 ou+ings of A.A.A. clubs
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Figure (6.6). Ca+ch ra+es by A.A.A. club members during ou+ings.
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Table (6.2) Ca+ch rates recorded by anglers ca+ching tagged salmon
from major fishing platforms; expressed as salmon caught
per angler hour.

FISHING
PLATFORM

MEAN
CATCH RATE

S+d. Dev. N tags
(Records)

Boat

Wharf

Beach

Rocks

4.38

3.79

2.69

1.57

5.81

6.28

3.03

2.62

38

18

148

37

Average 2.87 3.92 241

6.5 SPAT I /y__VAR I ATJLQN IN ^AIffl-E&IE

Ca+ch ra+es varied widely between fishing locations In Sou+h

Australia. In Table (6.5)> the ca+ch rates recorded by anglers

ca+ching tagged salmon are ranked by S+a+e fishing areas. In Table

(6.4)> the ca+ch ra+es of A.A.A. club anglers are ranked by coas+al

zones.

For anglers returning tags? ca+ch ra+es varied between areas wi+hin

f I shIng regions, and were highest on the north coast of Kangaroo

Island and along the West Coast. Most of the tags returned from the

nor+h coast of Kangaroo Island were recovered by local anglers

trolling from power boa+s around visible schools. In area 31 (Boston

Bay) of southern Eyre Peninsula> high ca+ch ra+es were recorded by

local anglers using pilchard bal+s around tuna boa+s moored a+
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Table (6.3). Ca+ch rates by fishing areas (from Figure 1.3) for anglers
who caught tagged salmon; expressed as salmon caught per
angler hour.

FISHING REGION

NTH KANGAROO ISL.

STHN EYRE PEN.

NTH KANGAROO ISL.

WEST COAST

WEST COAST

ST VINCENT GULF

sou-m EAST

WEST COAST

WEST COAST

WEST COAST

STH-CENTRAL COAST

WEST COAST

STtiN YORK PEN.

I STH-CENTRAL COAST

S'mN YORK PEN.

STH-CENTRAL COAST

STtiN EYRE PEN.

WEST OOAST

ST VINCENT GULF

WEST COAST

SPENCER GULF

SOUTH EAST

WEST COAST

GARFIS
AREA

41

31

42

8

28

35

46

7

10

9

45

27

40

43

33

44

30

18

36

15

23

51

17

MEAN
CATCH
RATE

9.844

4.396

4.232

4.804

4.003

3.749

3.430

3.300

3.124

3.000

2.574

2.400

2.326

2.000

1.888

1.800

1.750

1.725

1.707

1.190

0.770

0.701

0.280

S+d Dev.

8.022

6.772

7.601

4.851

4.797

3.829

2.979

0.000

2.991

3.677

2.304

0.000

3.981

0.000

1.445

2.269

0.000

0.877

1.462

1.209

0.325

1.125

0.000

N
TAGS

(Records)

7

15

11

5

18

8

6

1

58

2

10

1

13

1

26

20

1

4

3

4

2

3

1

AVERAGE CATCH RATE 2.955 3.982 245
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Table (6.4). Ca+ch ra+es by A.A.A. club members in different coas+al
zones; expressed as salmon caught per angler hour.

ANGLING
ZONE

11

13

12

14

3

7

5

10

2

4

8

6

COASTAL ZONE
FROM

Cape Donni ng+on

Point Dnmmond

Point Whidbey

Point Brown

Murray Mou+h

Giles Point

Port Adelaide

Port Nell I

Robe

Cape JervIs

Corny Point

Port Wakefleld

TO

Point Whidbey

Point Brown

Poln+ Drummond

Twin Rocks

Cape Jerv is

Corny Point

Port Wakefield

Cape Dontng+on

Murray Mou+h

Port Adelaide

Port Augus+a

Giles Point

MEAN
CATCH RATE

1.75

1.42

1.12

0.43

0.18

0.16

0.12

OJ2

0.09

0.03

0.01

0.01

S+.Dev.

0

0.76

0.94

0

0.16

0.27

0.19

0.17

0.

0.06

0.02

0.01

N
OUTINGS

1

4

3

1

5

14

7

3

5

10

5

2

AVERAGE 0.27 0.52 60
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Brennan's Wharf. Along the West Coas+> large catches were made by

local? and visl+lng; anglers a+ Almon+a Beach (Area 28) and Back Beach

(Area 10).

Q^^^^^^^^

Philipson e+ al (1986) surveyed angling effort In Sou+h Australia, and

provided es+ima+es of person-days expended In angling ac+ivi+y during

1982-83. Summaries of these da+a are used here +o cons+ruct es+ima+es

of the ama+eur ca+ch of salmon made during the s+udy period.

A three-hour angler day was adopted in Table (6.5) +o produce an

es+Ima+e of ama+eur ca+ch» based on average ca+ch rates recorded by

A.A.A. club anglers. The leng+h composition da+a presented in Figure

(6.2) was combined wi+h the es+Ima+es of fish numbers, +o give

es+ima+es of ca+ch weight; through the -formula* Log (weight) = 3.0485

(Log LCF) - 1.8772 (Malcolm, 1966a).

The es+Ima+e of annual ama+eur ca+ch of 795>000 salmon (544 tonnes) is

considered +o be an overes+ima+e of ca+ch; because Philipson's e+ al

(1986) figures on angler effort do not distinguish be+ween +arge+

species, or fishing me+hod. In fishing areas. However, i+ Is

considered +ha+ ama+eur ca+ch is in the order of hundreds of tonnes

annually; ra+her than tens of tonnes. For example, during the tagging

programme? 221 anglers caught 3327 salmon* of 51cm LCF in average

leng+h? in ca+ches containing tagged salmon. This sample was

es+ima+ed +o weigh a+ least seven tonnes. The A.A.A. club ca+ches

surveyed were es+ima+ed +o +o+al nearly one tonne, using leng+h/weigh+

keys.

In the absence of more da+a on ca+ch and effor+> !+ is concluded +ha+

the ama+eur ca+ch was less than the ccmmercial ca+ch dunng the s+udy

period; but was highly significant, probably In the order of hundreds

of tonnes annually.

Raw tag recovery da+a showed +ha+, of all tags recovered, anglers In

Sou+h Australia returned 20.6% of tags; compared wi+h S.A.



Table (6.5). Es+ima+es of ca+ch by anglers in South Aus+ralla fishing
regions* based on average ca+ch ra+es by A.A.A. club anglers.
A three-hour angler-day has been adopted +o relate ca+ch
rates (salmon per angler hour) +o angler days. * From

Philipson e+ at. (1986), Table 7.

FISHING ZONE

West Coast

Spencer Gui f

S+hn Yorke Peninsula

Gulf S+ Vincent

Kangaroo Island

S+h-Cen+ral and Sou+h East

0+her

POOLED
ANGLER
DAYS *

81199

280125

65528

565068

30688

120880

74705

ZONAL
CATCH
RATE

1.75

0.12

0.16

0.12

0.09

NU?ER
OF SALMON
CAUGHT

426293

100845

31453

203424

32658

WEIGHT
OF SALMON
CAUGHT (KG)

292074

69093

21550

139376

22361

TOTAL 1218191 794653 544456

NOTE: Da+a given in Philipson e+ al (1986), Table 7, has been adjusted +o
produce effort s+a+Is+Ics used here, by? (1) considering only marine
waters; (2) considering shore-based angling only> by removing
boa+Ing effort (a factor of 50.78%), calcuta+ed from Table 9; and,
(3) reducing recalcula+ed figures? +o consider use of line and hook
only, by removing effort wi+h other gears (a factor of 35.8%).
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professionals, 47.3%, V/.A. professionals, 29.1%; and W.A. anglers,

2.6%.

Associated wi+h a rise in angler effort and efficiency? has been an

^^^ ^

from 16% In 1975-78, +o 30% in 1984-87. l+ Is concluded +ha+ the

annual ca+ch by anglers has Increased in this S+a+e during the past

decade. The recovery ra+e of tags in Western Australia, by anglers»

was inexplicably low; 9% of the total recovered from +ha+ S+a+e.

6.7 OVERLAP IN THE ACTIVITIES OF AMATEUR AND COh^RCIAL SECTORS _QF__JU£

FJSHERY

Wi+hin Sou+h Australia? anglers returned over 30 percent of the tags

recovered from this S+a+e. The spa+ial overlap In ac+ivi+ies of the

two user groups can be examined by comparing tag recoveries wi+h

canmerclal ca+ches» by area? in Table (6.6).

Although the professional ca+ch along Southern Yorke Peninsula was

relatively low, over 25 percent of tags were recovered there; and

anglers returned over one quarter of these tags. Exploi+a+ion of

salmon schools was a+ a high level, during the s+udy period, in this

fishing area.

The largest component of the professional ca+ch came from West Coast

waters; ye+ anglers fishing there returned the grea+est propor+lon

(58%) of tags. This illus+ra+es the magnlu+de of the ca+ch by

recreational fishers in +ha+ area.

Of particular Importance was the relative lack of tag recoveries by

anglers fishing on Kangaroo Island. A large proportion of the

professional ca+ch was taken there; ye+ anglers did not recover a

single tag on the sou+h coast, where salmon were visibly abundant (see

Section 10.1); and tag re+ums from this group came mainly from local

anglers trolling from boa+s in the Bay of Shoals area, on the nor+h

coast of the Island.
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Table (6.6). Tag returns by s+a+us of cap+ors, by fishing area; and
professional ca+ches (kg IIve-weight) for the period 1984-
86.

FISHING
AREA

West Coas+

Southern Eyre
Peninsula

Spencer Gui f

Southern Yorke
Peninsula

Kangaroo
Island

Gulf S+
Vincent

Sou+h-Cen+ral
Coast

Sou+h East
Coast

TOTAL

PROFESSIONAL
CATCH (1984-86)

408,040
(32.1)

88,975
(7.0)

28,928
(2.3)

110,825
(8.7)

277,369
(21.9)

28,624
(2.2)

291,562
(23.0)

33,684
(2.6)

1,268,007

ANGLERS
(%)

107
(58.1)

24
(22.8)

2
(66.6)

58
(25.4)

27
(15.2)

11
(84.6)

35
(18.9)

11
(100)

275
(30.3)

WOFESSIONALS
(%)

77
(41.8)

81
(77.1)

1
(33.3)

170
(74.6)

150
(84.7)

2
(15.4)

150
(81.0)

0
(0)

631
(69.7)

N
TAGS

184
(20.3)

105
(11.5)

3
(0.3)

228
(25.1)

177
(19.5)

13
(1.4)

185
(20.4)

11
(1.2)

906
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Unfor+una+ely, the "type C" errors outlined in Section (7.3.1)

resulted In under-es+lma+ion of ama+eur ac+Ivi+ies of Yorke Peninsula,

and along the Sou+h-Cen+rat coast. There, the professional ca+ch of

tagged fish was comprised of very large groups (>65) of tagged salmon

recaptured In schools soon aTTer'Ter1~ease^^^^^^^^~^^^^^^^^^^^^^^^^^^^^^^^^^—~~^^^——

1+ is concluded here +ha+ the areas of greatest overlap occur along

the West Coas+> and in the waters of Yorke Peninsula. The highest

ama+eur ca+ch ra+es were recorded for the West Coas+. There is cause

for concern over the fact +ha+ levels of explol+a+ion were relatively

very high around southern Yorke Peninsula? ye+ this area supported a

low level of professional ca+ch. There was negligible overlap between

anglers and professional fishers around Kangaroo Island. The

abundance of salmon schools In these fishing areas Is quantified In

Section (10.1).

6.8 CONFLICT BEiy££bLU.SERS_DF__IHELRESmRC£

Along the Sou+h-Cen+ral coas+» between Rapid Head and Blow-hole Creek*

purse-seine opera+ions were frus+ra+ed by the disturbance of target

schools by ama+eur boat traffic. On several occasions? schools were

scared deliberately by anglers and professional boa+s (pers.obs.). In

the pas+> i+ has been reported +ha+ compe+i+Ion be+ween purse-seine

vessels was high for single schools (Depar+men+al Correspondence File?

"Salmon"; Archives). Under these condi+ions> se+s of the ne+s were

mis-timed of+en> and schools were disturbed and rendered un-ca+chable.

The levels of conflict observed were low, and not considered

significant* during the s+udy period. Anglers operated mainly on

individual salmon? or small groups of fish» moving along surf beaches.

Purse-selne operations were relatively few» and were separated

spa+ially from most centres of angling ac+ivl+y.

In the past, conflic+ and compe+i+lon be+ween user groups was alleged

+o be high by anglers; and areas such as Wal+plnga Beach and Brown's

Beach were subsequently closed +o ne++ing, +o reserve salmon schools

there for angling purposes.
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7.1 M3RTAJJX

Es+ima+ion of ra+es of fishing and natural mor+alI+y of salmon are

frustrated. In Sou+h Australia; by the nature of the fishery and the

biology of the species. Different age groups of salmon are exploited

in mul+i-me+hod fisheries; for which ca+ch s+a+Is+ics are kept for the

commercial sector only. No unit of fishing effort has been found

suitable for application +o the purse-selne and beach-selne sec+ors of

the fishery. Each year a portion of the South Australian population

leaves the fished area and migrates 1n+o Western Australia.

Two independent methods of mortal I+y es+ima+ion are presented here,

wi+h qualification; +o provide es+ima+es of rates of fishing mortal i+y

(F), natural mortali+y (M) and +o+al mor+atl+y (Z = F + M).

7.2 EST1MATJQN 0-E_M)RTfiLUI_£BQM-£AI£U_mB^£S

If i+ Is assumed +ha+ the Inl+Ial nunber of fish of two broods (new of

age + and + + 1) was the same; and if they have been subject +o

similar mortal I+y ra+es a+ corresponding agesj then an es+Ima+e of

survival ra+e from age + +o age + + 1 can be obtained from the ra+io ;

Z = N-j.+1/N-f-. Here, N represents the nunber founcL of each age? in a

representative sample. The ins+an+aneous ra+e of mor+ali+y Z = - In

(N-J-+1 - 1 In N-(.) (Ricker, 1975). In essence? the ca+ch curve Is

considered +o be a "fossil his+ory" of mor+al i+y in the fished

population; If the age composi+ion of the ca+ch represents the age

composi+ion of the popula+ion.

Applying this formula +o the ca+ch curves cons+ruc+ed in Section

(5.3)> and sunmarised as Table (7.1)> gives es+ima+es of Z from the

purse-seine fishery. These es+ima+es are listed in Table (7.2).

Values es+ima+ed for the period 1975-78 by Stanley (WFRC 1) are lls+ed

in Table (7.3).

Stanley (WFRC 1) considered +ha+, during the period 1975-78, the age

composition of the purse-seine ca+ch represented the natural abundance

of fully-recrui+ed age groups in the fished area. As many as nine
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Table (7.1). Es+imated nimber of individuals in each age group cap+ured in the
purse-selne fishery (fishing areas pooled by year).

AGE

YEAR 1+ 2+ 3+ 4+ 5+ 6+ TOTAL

1984/85

1985/86

1986/87

108321

35592

10071

39581

147833

87038

66368

49768

45437

31207

25117

5307

10216

12516

4834

206

358

0

55900

271243

152688

Table (7.2) Es+Ima+es of ins+an+aneous rates of mortali+y (Z) of salmon from da+a
listed in Table (7.1).

AGE

YEAR 1+/2+ 2+/3+ 3+/4+ 4+/5+ 5+/6+

1984/85

1985/86

1986/87

1.00

1

0

.08

.65

0.75

0.68

2.14

1.11

0.69

0.09

3.90

3.99
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Table (7.3) Es+imates, of Z cons+ruc+ed from ca+ch curves by Stanley (WFRC 1),
for the period 1975-78.

AGE

YEAR 1+/2+ 2+/3+ 5+/4+ 4+/5+ 5+/6+

1975 - 0.65 0.15 0.45 2.17

1976

1977 - 1.23 1.07 0.56 1.10

1978

Average - 0.72 0.84 1.07

0.65

0.19

1.23

0.79

0

1

1

1

.15

.04

.07

.10

0.45

1.56

0.56

1.70
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boa+s took salmon by purse-selne during this era> although two boa+s only

took the major por+ion (86%) of the ca+ch during this +tme (S+antey»

Deparhnent File 13/36, 1982).

DurIng the current s+udy» +he ^^^

boa+s In the purse-seine fishery; one full-time, and one par+-+ime.

Although schools were visibly abundant in tradi+Ional fishing areas»

unseasonal prevalence of s+rong winds caused concen+ra+ion of effort along

lee-shores and away from exposed coas+s.

For these reasons; I+ is considered +ha+ the age composl+ion of the ca+ch

does nfiJ- closely represent the abundance of all age groups In the whole

population.

Es+ima+es cons+ruc+ed for 1986/87 were made from the Incomple+e sampling

of the few ca+ches made by one vessel* and are of limited use. Similarly,

the high values of Z (average of 3.94) es+Ima+ed for 5+/6+ age groups must

be partly due +o the lack of -fishing along exposed coas+s> and migra+ion.

From the ages of 3+ onward; mainly 4+; faster growing salmon leave the

fishery +o par+lcipa+e in a westward migra+ion +o Western Australia.

Hence» es+ima+es of Z for these age groups will comprise a component of

loss through migration.

For age groups 2+ +o 4+> the es+ima+es given here for Z (average 0.9 +o

1.08) are In the range of those values es+ima+ed by Stanley (WFRC 1) from

the period 1975-78 (average 0.72 +o 1.07).

7.3 ESTIMATION OF RATES OFJQPTALITY FROM TAGGING OPERAUfi!iS

If ra+es of mortal1+y from -fishing are cons+ant during an interval of time

+> then the plot of the line of the natural logari+hm of nunber of tag

recaptures wi+h time intervals will have a slope equating +o -Z+; and a y-

intercept (b) equating +o the ra+e of fishing mortali+y, F; by :

b = In (F No) - In (Z) + In (I - e -z+)

Where No = number of tagged salmon released.
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Once the conditional ra+e of fishing mortal I+y (F) Is found* the

conditional ra+e of natural mortal i+y (M) can be derived from the

relationship Z = F+M (from Gulland 1983, p.110).

To es+ima+e ra+es of mortalI+y in the Sou+h Australian popula+ion of

younger salmon, Stanley (WFRC 1) u+NIsed the nunber of tags recovered

in time intervals of 50 days duration. By dividing up the tag

recovery da+a In+o leng+h (a+ release) classes of 5cm wid+h» Stanley

examined variation in mortal I+y ra+e wl+h -fish size. These da+a are

sunmarised^ for the period 1975-78, In Table (7.4).

In Western Australia the fishery for adult salmon is markedly

seasonal, so Walker (WFRC 6) u+Ilised tag recoveries in time Intervals

of += 1 year +o overcome temporal variation in fishing effort; and

thus es+Ima+e mortal i+y rates. However, tagged adul+s do not survive

for long in the Western Australian popula+ion* because of the

in+ensi+y of fishing and high levels of natural mor+ell+y; so the

number of da+a poin+s are few when using intervals of one year.

The tagging operations undertaken In the current s+udy were aimed a+

older, larger salmon occurring in Sou+h Australia. These fish are

subject +o exploi+a+ion in bo+h S.A. and W.A.; and fishing effort

varied widely during the year In Sou+h Aus+ral ia during the s+udy

period. Plo+s of logg (nunber of tags recovered) wl+h time intervals

of 50 days> and 100 days, were not linear; and a time interval of one

year was u+Ilised +o obtain es+ima+es of mortali+y ra+es.

The number of tags recovered In Intervals of one year are listed in

Appendix (5.1). A feature of these da+a Is the large number of

operations for which the number of tag recoveries increased wi+h time

interval. This phenomenon can be a+tribu+ed +o the fact +ha+ older

fish departed from Sou+h Australia and were cap+ured during the second

year in the Western Australian fishery. A+ release, not all tagged

salmon were fully recrul+ed 1n+o either +he S.A. or W.A. fisheries.
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Es+ima+es of mortal I+y rates for those operations where reasonable

nunbers of salmon were recaptured? and recaptures declined wi+h time,

are given In Table (7.5).

^-^^^^^^^^^^^^^^^^

Picker's method (RIcker, 1975, Chapter 5). Using this me+hod, fish

were tagged a+ the start of the fishing season In two consecutive

years. If natural mortalI+y was the same for all ages +agged> then

the survival ra+e in the first year (Sp equates +o;

S1 = R12 M2 ' where;

MI R^2

M^ = number of fish tagged a+ the start of the first year<

M^ = nunber of fish tagged a+ the start of the second year»

R^ = recaptures of first-year tags in the first year,

R12 = recaptures of first-year tags In the second year,

^22 = recaptures of second-year tags In the second year.

The large-sample variance of the es+Ima+e of Si can be found by;

V (Sp = S2 (_L+ _L- -L_- -L. )

(R12 R22 M1 M2 )

From Rlcker (1975) p. 138, F-| can be found from the relationship;

RH = Fi d - s,)

MI zi

To approximate the assumption of cons+ancy of natural mor+al1+y a+ al I

ages, this method was applied +o da+a from large salmon of similar

leng+h tagged a+ Hog Bay* Kangaroo Island; in January* 1985 and

January, 1986.
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Table (7.4). Es+Ima+es of ins+an+aneous rates of fishing (F) and natural
mortalI+y (M) from tagging in South Aus+ralia, 1975 - 76. From
Stanley (WFRC D.
* Values adjusted for tag loss es+ima+ed by Kirkwood and Walker

(1984)

Leng+h a+
release (cm)

M M*

16 -

21 -

26 -

31 -

36 -

41 -

46 -

15

20

25

30

35

40

45

50

0.10

0.10

0.17

0.39

0.20

0.23

0.26

0.21

0.82

0.99

0.98

1.06

0.96

0.96

0.56

1.11

0.53

0.70

0.69

0.77

0.67

0.67

0.27

0.82

Average 0.20 0.93 0.64

Table (7.5) Es+ima+es of Z, F and M from tagging in South Australia, 1984-86.
* M Values adjusted for tag loss after doubIe-+agging experiment by

Kirkwood and Walker (1984).

OPNUM

38
26
49
25
28
45
35
57
56
16
51
54
50
58

Average

Leng+h
release

39.2 -

42.6 -

45.5 -

41.8 -

42.9 -

44.1 -

45.4 -

53.8 -

54.9 -

55.9 -

57.8 -

55.6 -

58.2 -

56.8 -

a+
(Rellcf cm)

56.4
65.8
62.4
68.5
58.9
62.7
62.7
66.3
64.9
68.3
64.4
66.2
69.3
67.3

Average
Rellcf

48.6
51.6
52.6
52.8
53.0
55.3
57.0
59.2
60.7
60.9

61.4
61.6

62.0
62.8

F

2.10
0.56
0.07
0.54
0.29
0.22
0.80
0.15
0.14
0.25
0.20
0.15
0.17
0.18

0.27

M

2.2
1.26
1.35
0.88
0.68
1.24
0.66
0.29
0.30
0.94

0.90
0.51
1.13
0.64

0.86

z

1.81
0.41
1.42
1.42
0.97
1.47
1.46
0.44
0.45
1.19
1.10
0.46

1.30
0.83

M*

1.81
0.41
1 .06
0.59
0.39
0.95
0.37

0.69
0.61

0.64
0.35

0.73
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The es+Ima+es obtained are listed* wl+h details of capture and

release; In Table (7.6).

7.3.1 Es+tma+es of Mortal I+v from Taaoina - Sources of Error

Ricker (1975) outlines sources of error which may act +o bias

es+ima+es of mortali+y from tagging opera+ions. These are classified

as "Type A"> "Type B" and "Type C" errors, and their occurrence In

the current s+udy is outlined here.

Type A Errors

These errors act +o affect the es+ima+e of fishing mortalI+y (F)» but

not the es+ima+es of +o+al mcr+all+y (Z) and natural mor+ali+y (M).

Initial loss of tags; mor+aii+y induced by the tagging opera+Ion? and

Incomplete reporting of recovered tags* are included in this

category.

Table (7.6) Es+tma+es of Z> F and M> using Picker's method? for salmon
released a+ Hog Bay* Kangaroo Island.

YEAR

01/85

01/86

OWUM

16

54,56,57

Sl
0.3702

N
RELEASED

186

482

V(Si)

0.0111

LENGTH
MEAN

60.9

60.7

Z1
0.993

AT RELEASE (cm)
S+.Dev.

2.36

2.90

FI
0.186

Rn

22

MI
0.807

RI2 R22

13

91

In the current s+udy» tags were recovered from salmon handled

Individually by fishermen, anglers and fish processors. An
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a+trac+ive Incentive +o return tags was offered, in the form of

a printed T-Shirt or $5.00.

1+ would seem unlikely +ha+ tags would be overlooked, or not

returned. However, from one ca+ch in S.A.» 4% of tags

recovered were found by rock lobs+er fishermen bat+lng po+s

wl+h salmon previously handled individually by packers.

Stanley (1983) reviewed the effects of handling techniques on

returns of tagged Australian salmon and found +ha+ leng+h of

time held before release, Inj'ury» and scale removal did not

cause significant mortal t+y. Salmon are a robust species and

the use of Internal tags wi+h a+tached s+reamers produced

greatest rates of recovery, and the most long-+erm re+urns.

KIrkwood and Walker (1984) es+Ima+ed ra+es of shedding of these

tags from salmon? under the res+ric+ive assump+Ions +ha+ there

was no Initial tag loss; and the ra+e of long-term tag loss was

constant over +!me.

WI+hou+ more detailed s+udy of tag shedding; and tagging

mortali+y» i+ is unknown +o what degree Type A Errors have

Influenced es+ima+es of mortal!+y ra+es.

T_\meJ3_Er_c_ors

This second group of errors include those which act +o affect

es+ima+es of total mcr+ali+y (Z); but not es+ima+es of fishing

mortalI+y (F). These include; (1) shedding of tags a+ a

constant, or variable, ins+an+aneous ra+e +hroughou+ the study;

(2) differential mortal I+y of tagged fish; and (3) emigra+ion

of tagged fish away from the fishing area.

Kirkwood and Walker (1984) cons+ruc+ed an es+Ima+e of shedding

of tags from salmon using da+a from a doubIe-+agging

experiment. They es+Ima+ed the I ns+an+aneous ra+e of tag

shedding +o be 0.29 per year; corresponding +o annual tag

re+en+ion of 74.5%. However? the da+a set used was smal I (95%

C.l. = 0.11 - 0.65) and I+ was unknown whether the loss of a

tag from a double-+agged fish occurred a+ the same ra+e as +ha+

from a slngle-tagged fish. In the absence of further da+a, the
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current es+ima+es of natural and total ins+an+aneous mor+alI+y

ra+es have been adjusted In Tables (7.4) and (7.5)> according

+o Kirkwood and Walker's (1984) es+ima+e.

Internal tags wi+h a+tached s+reamers were encapsulated In

layers of tissue wi+hin the abdcminal cavl+y; and the Insertion

wound healed quickly +o form a scar of varying severity.

Although some s+reamers were lost, there Is no evidence from

+hls> or preceding* studies +ha+ the ra+e of tag shedding

accelerates wi+h time; as does occur wl+h other designs

(Stanley, 1983).

However, there Is clear evidence +ha+ a Type B error is active

In the results of the current tagging study; In the form of

emigration away from the fished area, and through differential

vulnerability of tagged salmon +o expioi+a+ion.

The lack of movement of tagged salmon wi+hln and between S.A.

fishing areas is outlined In Section (9.1.2). Emigration of 1+

+o 3+ age groups Is not evident In the current s+udy; ye+

S+anley (WFRC 1) at+ribu+ed a rise in es+ima+es of M f ran an

age of 2+ onwards +o movement of fish away from the fished

areas» s+ar+Ing a+ this age.

Tagged fish of age 4+, and older, migrated +o Western

Australia, although other fish tagged fran the same schools

remained In the immediate vtcinl+y of the tagging si+e; of+en

for long periods (see Section 9.1.1). Consequently, salmon of

these age groups were not fully recrul+ed In+o either the Sou+h

Australian or the Wes+em Australian fisheries. Wi+h time,

slower growing fish do move +o Western Australia (Stanley, WFRC

1) and become fully recrut+ed In+o the fisheries of +ha+ S+a+e.

This Is evident from the rise in recaptures? wl+h time, for

some tagging operations (Appendix 5.1). Movement of older

South Australian fish +o more exposed coas+s, and migration of

adul+s +o Western Australia, in+roduced type B error in+o the

results of the tagging opera+ions undertaken In this s+udy.
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This would cause an eleva+lon of the es+Ima+es of Z and M; ye+

the present es+Imates do not appear excessive. This may be due

+o the fact +ha+ only those operations for which recoveries

decline wl+h time were included in analysis; +ha+ Is, only

those operations frcm which salmon were a+ teas+ par-1-Ially

recrul+ed 1n+o fisheries in S.A. and W.A.

Type_C Errors

The operations referred +o above, which were cmi+ted from

analyses, are Included In the third group of sys+ema+Ic errors.

These errors render the tag recoveries of the first year

unusable in es+Ima+lng either F or Z; but do not prejudice the

estimation of either of these parameters from da+a of la++er

years.

Type C errors Include; (1) abnormal behaviour of tagged -fish;

(2) non-random dis+nbu+ion of tagged fish In the general

population during the year of tagging; and (3) non-random

fishing effort during the year of release of tagged fish.

These three forms of Type C error all were inherent in the

tagging s+udy.

Stanley (1983) showed +ha+ declining ra+es of re+um of tags;

Initially ascribed +o tagging mortali+y< are the result of a

change In behaviour of tagged fish. Fish tagged under adverse

conditions, or those bearing wounds, delayed their departure

from S.A. +o the spawning area in W.A. However? there was no

evidence of delayed mortali+y> or decline In physical

condition? of tagged salmon; the fish recover from the adverse

effects of tagging.

Postponement of movement +o Western Australia of tagged salmon

may be caused by natural variation In growth ra+e and migra+ory

urge; and by abnormal behaviour induced by tagging. These

factors are discussed further In Section (9.2.1). Bo+h causes

result In Type C errors.
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There is also evidence +ha+ tagged salmon move in+o "hospl+al"

areas* such as gutters of surf beaches, +o recupera+e (Malcolm,

1960» Walker; pers.comm.). In these areas they are vulnerable

+o capture, particularly by anglers. In fact, sane anglers In

Wes+em Australia concen+ra+e effor+ on hospl+al schools

(Walker, pers.comm). This form of abnormal behaviour would

result in Type C error also.

Finally, tagged fish were not dis+ribu+ed randomly +hroughou+

the S.A. population; and fishing effort was concen+ra+ed of+en

in areas Inhabited by tagged salmon.

Salmon are a schooling species, and tagged fish Joined

neighboring schools or the parent school from which they were

taken. This fac+» the localtsed movements of S.A. salmon; and

the concen+ra+Ion of purse-selne effort along tee-shores of

tradl+lonal fishing areas> all acted +o make the tagged salmon

particularly vulnerable +o capture wl+hin the year of tagging.

This general isa+ion did not apply +o the tagging operations

conducted a+ Hog Bay, for reasons outlined In Section (9.2.3),

and those operations undertaken ou+side of the area fished by

purse-selne vessels.

The two obvious effects of Type C errors on the tag recoveries

presented !n Appendix (5.1) are; (1) the increase in tag

recoveries wl+h time for operations 17> 18> 46» and 59; and,

(2) the very high percentages of tags recovered wl+hin the year

of tagging for operations 77, 30> 34> 38, 49> 62 and 63.

These operations were not Included In the analyses of mortalt+y

rates; but subtle effects of Type C errors are undoubtedly

present in the es+ima+es of Z> F and M given here. Their

action probably has caused an underes+ima+lon of Z» F and M.
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7.4 ESTIMATES OF MORTALITY - JLLSOlSSiDH

In this study> ca+ch curves do not provide a useful Independent

es+Ima+e of Z for comparison wl+h those es+Ima+es obtained from the

tagging operations. The tagging Is not ye+ complete, as tagged salmon

will appear In bo+h the S.A. and W.A. fisheries for a+ least the 1988

and 1989 seasons. Consequently, da+a poln+s are few when using tag

recoveries In time Intervals of one year In length.

The es+Imates that have been obtained are affec+ed by type A» B and C

errors. The least de+ec+able are the Type C errors ac+Ing on the

results of tagging operations on large fish. Within each of these

operations sane tagged fish postpone movemen+ (and hence recrul+ment)

In+o the W.A. fishery because of adverse effects of tagging; whilst

others do so because of their grow+h ra+e, and slze/age

characteris+Ics, a+ the +ime of tagging (Malcolm, 1959, Stanley, WFRC

D.

To detect these effects, tag recoveries In Intervals of one year can

be examined; (1) by age of fish a+ release; and (2) by length (in one

cen+ime+re Intervals) a+ release. This proposal is developed further

in Section (9.2.1).

Wi+hou+ adjus+ment for tag shedding, the es+lma+es of mor+al i+y

cons+ruc+ed here are far lower than those es+ima+es made for the

adul+s found In Western Australia.

Walker (WFRC 6) summarised es+lma+es of Z, F and M from tagging

undertaken In W.A. during the period 1951-1978 on the sou+h coast.

Since 1975? es+ima+es of these parameters were ex+remely high (Z = 3.3

- 2.2, F = 1.95 - 0.68, M = 1.38 - 1.52); and higher than those from

previous years. This suggests +ha+ salmon surviving froin one fishing

season con+ribu+e only minimally +o subsequent fisheries.

Irrespective of age, natural mor+al1+y after spawning is high; perhaps

due +o the physiological stresses involved in seques+ra+ion of energy

In+o production of gonads and migra+Ion. Exploi+a+ion by bo+h anglers

and professional beach-selne teams was very high in Wes+em Aus+ralia.
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The es+ima+es given here must be considered preliminary only, and used

wl+h cau+Ion. Tag recoveries from further years must be analysed +o

give more meaningful es+ima+es. Heam? Sandland and Hamp+on (1987)

have proposed a method for the robust es+lma+Ion of the natural

mortal 1 +y ra+e-7- ^^^—vari able

fishing in+ensl+y. Their model was applied +o da+a -for the sou+hern

bluefln tuna fishery; a fishery not unlike the salmon purse-seine

fishery In many respec+s. However, 1+ will be some years before tag

recoveries are ccmple+e for +he present s+udy.

8.1 AN EXAMINATION OF YIELD-PER-RECRU IT_ltLTU£L SOUTH AU_ST_RAL1M ELSidEEI

FOR AUSTRALIAN SALMQH

In the s+ock of Australian salmon there Is evidence +ha+ recrui+ment

is variable, and these variations may be Independent of adult s+ock

size; being determined by environmental factors (Malcolm, i960/

Stanley, WFRC D.

Es+ima+ion of yield-per-recrult for such a stock will not yield

accurate predictions concerning ca+ch in years beyond the lite-span of

fully recrul+ed year classes. However* the es+ima+es are useful in

discussing observed pa+tems of mortal i+y and the effects of

Implementing sane measures of fishery management.

Sluczanowskl (1985) has developed a program for performing Bever+on

and Holt (1957) yield-per~recrul+ analyses using the microcompu+er

package; LOTUS 1-2-3. The Bever+on and Holt (1957) equation

essentially calculates the equilibrium relationship between blomass

added +o the s+ock» +hrough growth; and biomass lost from the s+ock>

through mortal1+y. To overcome the -fundamen+al problem of variable

recrul+men+> the model expresses yield as a blanass-per-recruit.

Sluczancwskl's (1985) program plo+s varia+lon in the percentage of B

max (maximum biomass-per-recruit) at+ained a+ age> or length* under

different regimes of fishing mortal I+y, natural mor+ali+y, and leng+h,

or age* a+ first capture.
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The levels a+ which ylel d-per-recmlt Is maximised In the present

analyses take nfi accoun+ of;

(1) the minimum slze/age of first spawning*

(2) the existence of spawner/recruit relationships.

(3) the biovalue of different sizes,

(4) seasonal or long-term variation in ra+es of natural mortali+y

between stze/age groups, and sexes; and

(5) short-term effects of variation In fishing mortal i+y.

A de+atled trea+Ise incorporating all these factors Is beyond the

scope of the present s+udy; but should be undertaken +o fully predict

the effects of revisions in management s+ra+egy.

8.1.1 SlmiLLa±ifiD^_a±-JlLC££j-^vM£_Q£_Na±ur_M_J^^^

The yield-per-recrult analysis Is sensitive +o changes In M;

the ins+an+aneous ra+e of natural mor+all+y. Salmon are

relatively short-livedj and a moderate +o high value of M would

be expec+ed from es+ima+ion of mor+alI+y. The difflcul+tes In

estimating M have been outlined in Sec+lon (7.3.1) An

overes+Ima+e of M leads +o a scenario where fishing effort may

be erroneously Increased +o maximise yleld-per-recruit.

Three levels of natural mortali+y are used here; a low level of

M = 0.2; a moderate level of M = 0.5> es+ima+ed frcm tagging

da+a In Section (7.3); and two high levels of M = 0.8 and M =

1.0, es+ima+ed by Stanley (WFRC 1) for S.A. salmon. Parameters

and their sources are listed In Table (8.1).

The maximum bicmass-per-recrui+> and the age a+ which this Is

attained; and the op+Imum average length a+ first capture* are

shown in Table (8.2)> for three levels of fishing effort.

The yield-per-recruit is plotted wl+h fishing mortal I+y> a+

five average lengths a+ first capture, for four values of M In

Figures (8.1)-(8.4). The es+ima+ed nunbers of salmon present

a+ each age, under a fishing mortali+y of F=1.0, are plotted

for four values of M in Figures (8.5)-(8.8).
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Table (8.1). Parameters used in the yleld-per-recrult analyses; and their
sources.

Parameter Val ue Source

W oo
L oo
K
+0
Age max
M

F

Lc

5.33
68.91
0.2751
-0.2360
9

31.0-62.0

NIchol I
Nichol I
Nichol I
Nichol I
Malcolm
Stanley

s

s

s

s

(•

(
(•

(
(•

1973)
1973)
1973)
1975)
1966a)

(WFRC D,
present s+udy
Stanley (WFRC D.
present s+udy
Present study

Table (8.2) Maximum biomass-per-recruit (Bmax)» the age a+ which this
occurs; and the optimum average leng+h (Lc) a+ first
capture; for three levels of fishing mor+ali+y> F> a+ four
levels of natural mortal I+y> M.

M

0

0

0

1

.2

.5

.8

.0

B

0

0

0

0

max

.888

.246

.107

.069

Age

5.71

3.31

2.34

1.95

F=0

38.

51.

23.

15.

.25

7

0

2

5

Optimal

F=0

46.

38.

23.

23.

Lc (cm)*

.75

5

7

2

2

F=1.25

54.2

38.7

31.0

23.2

* 1+ should be no+ed +ha+ western salmon from Sou+h Australia did not
spawn in Western Australia a+ lengths of less than 58cm LCF, a+ ages of
3+ +o 6+.



81

8.1.2 y^[J_MJ-mi_Jj3___U^^-£^^^^^ wl+h Es+Ima+es of +Le

Ins+an+aneous Ra+^_Qf_Ma+ural Mor+elI+v» M

As M is Increased; from low +o high levels? the op+imal average

length a+ first capture decreases, and the value of F a+ which

yleld-per-recrult Is maximised also Increases. Theoretically,

fishing s+ra+egy should be related +o the ra+to of M +o K> the

grow+h parameter. If M/K is smalI (as in the case of low M) i+

would be op+Imal +o fish IIgh+ly^ and a+ older ages; as the

fish will have a higher chance of attaining large size. In

con+ras+» if M/K Is large, many fish will die before realising

their po+en+ial for grow+h? and I+ would be best +o fish

relatively hard a+ lower sizes a+ first capture.

1+ can be seen from Figures (8.5)-(8.8) +ha+ the nunber of

older fish present In the unfI shed s+ock decreases rapidly a+

higher values of M.

The practical effect of over-es+Ima+ing M would be +o implement

a high level of fishing mortal I+y; wl+h the consequences of

drastically reducing the nunber of older fish present In the

population (see Figure 8.9). Such an effect has profound

Implications for the salmon fishery, which will be discussed In

Section (13.1).

8.2 TH£_J3R£S£ffl__STATU_S__QE THE SOmy__fiLLSIBALlM_EL^UEBI

Figure (8.2) represents the present s+a+e of the S.A. fishery^ wf+h

levels of M and F es+imated fran the current s+udy. The present level

of F has been es+ima+ed a+ 0.2 +o 0.4. A+ this level, yield-per-

recruit Is op+imtsed a+ an average leng+h of first capture of Lc =

31.Oem.

Co!nciden+ally, this is the average size of salmon caught in the

ccmmerctal fishery as a whole (see Section 5.3). Theoretically then,

there would be no gain In increasing the length a+ first capture of

salmon in the present fishery. However, wes+em salmon first spawn a+

a leng+h of approximately twice +ha+ a+ which biomass is maximised,
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Figure (8.1). Yield-per-recrutt versus fishing mor+al i+y> a+ -five levels

of Lc, where M=0.2.

Yield per recruit (vs F) x 5 values of 1C
AUSTRALIAN SALMON

100

0.00 15.50
Fishing mortality F

0 31.00 A 46.50 62.00

Figure (8.2). Yield-per-recruit versus fishing mortali+y, a+ five levels

of Lc> where M=0.5.

Yield per recruit (vs F) x 5 values of 1C
AUSTRALIAN SALMON

0.00 + 15.50

1.2

Fishing mortality F
31.00 A 46.50'

1.8 2

X 62.00
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Figure (8.3). YIeld-per-recrutt versus fishing mor+alI+y, a+ five levels

of Lc, where M=0.8.

Yield per recruit (vs F) x 5 values of !C
AUSTRALIAN SALMON

100

m

1.8

I 0.00 15.50
Fishing mortality F

0 31.00 A 46.50

2

62.00

Figure (8.4). Yield-per recruit versus fishing mortall+y> a+ five levels

of Lc» where M=1.0.
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Es+lma+ed number of salmon a+ each age for unf I shed and

fished (F=1.0) sl+ua+lons, where M=0.2.

Number at age
AUSTRALIAN SALMON

0.9 -|

Unfished
Age

Fished (mid voiucs)

Figure (8.6). Es+Imated number of salmon a+ each age for unfished and

fished (F=1.0) si+ua+ions, where M=0.5.

Number at age
AUSTRAUAN SALMON

0 2

D Unfished
Age

4- Fished (mid values)
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Figure (8.7). Es+ima+ed number of salmon a+ each age for unfished and

fished (F=1.0) si+ua+ions, where M=C.8.

^jmoer en age
AUSTRALIAN SALMON

Undshed
Age

+ Fohed (mid votucs)

Figure (8.8). Es+ima+ed number of salmon a+ each age for unf [shed and

fished (F=1.0) si+ua+ions, where M=1.0.

Number at aae
AUSTRALIAN SALMON

D Unfished
Age

•+ Fished (mid values)
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Figure (8.9). Numbers o-f salmon present a+ each age for unfished and

fished (F=0.2) sl+ua+ions, where M=0.5. This diagram

es+ima+es number-at-age In the present S.A. fishery.

Number at age
AUSTRALIAN SALMON

u
£l
E
3

D Unfished
Age

Fished (mid values)
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and a++en+ion must be given +o this fec+or in holls+ic model 11ng .of

yield-per-recrult.

From Figure (8.2) i+ could be proposed +ha+ yiel d-per-recruit is not

being maximised in the present fishery. A rise in effort, calculated

+o produce a doubling of F=0.2 +o F=0.4, would produce an Increase in

yield-per-recruit of 25 percent. However, a further rise in effort,

+o raise F=0.4 +o F=1.0, would result only In an Increase of 10

percent.

A+ F=1.0» the numbers of salmon older than three years of age

(represented by age 4 on the Figure (8.6) would be reduced by a factor

of more than 85 per cen+> in comparison +o unfished s+ock. A+ the

present ra+e of F=0.2> the number of older fish is reduced by a factor

of less than 50 percent (see Figure 8.9). The model overes+ima+es age

a+ length; therefore, the precise ages a+ which the reduction is

greatest are unknown.

If i+ is assumed +ha+ all adult salmon from S.A. migrate toW.A.j and

the W.A. ca+ch depends solely on S.A. recrui+s; then a rise in effort

in Sou+h Australia? +o increase F +o 1.0» would reduce recrui+ment +o

W.A. by more than 50 percent. These recrui+s are on a spawning

migration; and such a reduction in nunbers would have a profound

effect on bo+h the W.A. fishery and the spawning po+en+Ial of the sub-

species. This hypo+he+ical case illus+ra+es the impor+ance of

considering spawning s+ock reduction in yield-per-recrui+ analyses.

8.3 IMPLICATIONS FOR MANAGEMEML

1+ can be s+a+ed +ha+, for a range of levels of M or F» the average

leng+h a+ first capture is near an op+imum value in the present S.A.

commercial fishery, wi+h respect +o biomass.

The simulations presented here give an indication of the necessity for

obtaining precise values of M and F in the salmon fishery. Small

changes In these parameters may have marked effects on yield and

population s+ruc+ure. Ye+, there is presently no equation relating

levels of F +o levels of effort. No useful unit of effort has been

devised. Thus> effort cannot be regulated +o bring about the small

changes in F required +o op+imise yleld-per-recruit.
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Wi+h respect +o providing sufficient escapement of spawners, i+

unknown whether such a low leng+h a+ first capture is op+Imal.

8.3.1 Reaula+ina Effor+ bv Imposi+ion of Ca+ch Quo+as

In the absence of a mechanism for measuring and regule+Ing

effort, ca+ch quotas may be introduced; in an a++emp+ +o raise

F» and f i sh a s+ock a+ i+s maximum sus+ainable yield (MSY).

Bedding+on and C'ooke (1983) examined the validi+y of a common

approximation +o MSY from a previously unexploi+ed fish s+ock.

This approximation relates MSY +o biomass present before

exploi+a+ion s+ar+s (Bo), through the equa+ion; MSY = 1/2 M Bo,

where M = the ins+an+aneous ra+e of natural mor+ali+y.

They simulated the effects of variation In recrul+men+, and the

s+ock/recrui+ment relationship) on this approxima+ion. 1+ was

found +ha+ fishing a+ MSY may reduce the spawning s+ock bicmass

+o sane threshold below which a s+ock/recrui+men+ rela+ionship

arises; if i+ had not been in existence before. For a species

like Australian salmon, wl+h high values of M; an old age a+

first spawning (3+ - 6+); and a young age a+ recrui+ment; the

spawning s+ock biomass may be reduced +o less than 4 percent of

1+s unfished level* when fishing is undertaken a+ MSY

(Beddlng+on

and Cooke, 1983* Appendix 2, Table 3). This result was

obtained using a de+erminis+ic model where recrui+men+ was kept

constant.

When s+ochas+ic variations in recrui+ment levels are

introduced, the level of MSY (or ca+ch quo+a) mus+ be down-

graded even further; +o ensure +ha+ the probabili+y of the

spawning stock blomass falling below a certain level is

constrained +o scme low value. The application of a fishing

quo+a will require initially a small rise in F (in "fishing-up"

of accumula+ed s+ock); which will necessarily be increased as

an equilibrium level is reached.
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Bedding+on and Cooke (1983) provided a regimen for es+ima+ing e

reasonable range of values of MSY from e survey of an imfished

stock. Their criteria and checks are relevant +o es+ima+ion of

a suitable quo+a for application +o the salmon fishery. Given

information on +he biomass present* mor+ali+y and grov,'+h; a

range of es+ima+es of the MSY can be obtained for a chosen age

of recrui+ment. A check must be made +o see if the ca+ch will

reduce the spawning s+ock biomass below a +srge+ level. Given

a level> or range, of recmi+ment varia+ion> the modifica+ion

+ha+ must be made in ca+ch can be calculated; +o ensure a low

probability of spawning stock bicmass falling below the +arge+

level .

For the salmon fishery in Sou+h Australia^ the target level of

spawning s+ock biomass is unknown; as is the range of variation

in recrui+ment. However? da+a on fecundi+y has been gathered

in Western Australia, where the sub-species spawns. The

approach of Bedding+on and Cooke (1985) is used +o simula+e

values of MSY for the S.A. salmon fishery in Table (8.3). AT

higher values of M the MSY must be down-graded great Iy +o take

account of variability in recrui+men+.

If the biomass of +he unfished salmon s+ock was 10»000 tonnes

in Sou+h Australia^ then Bedding+on and Cooke (1985) predict

+ha+ only 900 tonnes should be taken, as MSY> a+ low levels of

recrui+ment varia+ion; when M = 0.5. This approximation does

not predict the escapemen+ of spawners.

8.3.2 Recommendat ions

Robust es+ima+ion of a quo+a for +he Sou+h Australian salmon

fishery would best be undertaken through developmen+ of a

s+ochas+ic model of the entire fishery; incorpora+ing and

revising the large amount of biological da+a already available.

Preliminary es+ima+ion of yieId-per-recrui+, using a

de+erm1nis+ic model under res+nc+ive assump+ions? sugges+s

+ha+ the S.A. popula+ion could wi+hs+and higher levels of

fishing mortal i+y. However, the effec+s of increased effort

may influence recrui+ment +o the I'/.A. fishery; and the spawning
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s+ock biomass may be reduced markedly. Such effects are

particularly pronounced for salmon; which have high ages a+

first spawning, but are fished mainly a+ early ages in Sou+h

Aus+ralia.

Table (8.3) Es+Ima+ion of MSY (after Bedding+on and Cooke, 1983) for a
range of levels of natural mortal i+y, M and recrui+ment
variation rv. Indices of vana+Ion in recrul+ment were

calculated by Bedding+on and Cooke (1983) from the standard
deviations from the means of recrui+ment measured in long-term
da+a series for a variety 'of marine +eleos+s fished

commerci ally.

0.2 0.5 0.8

MSY (as % Bo)

SSB (as % So)

MSY a+ rv = 0.4

MSY a+ rv = 1.0

60

20.1

5.0

5.0

12.0

10.2

9.0

7.5

0.8

3.3

12.0

8.0

Bo = Biomass of unflshed s+ock
So = Biomass of untished spav/ning s+ock
Age a+ recrui+ment = 1.0

Age a+ first spawning = 4.0
K (grow+h cons+ant) = 0.3

De+erminls+ic production models are sensitive +o variations in

es+lma+es of the ra+e of natural mor+ali+y» M. The es+ima+es

of M obtained +o da+e for Australian salmon are not precise;

and i+ is clear +ha+ M varies grea+ly wi+h age for this sub-

species; violating basic assump+ions of these models.

S+ochas+ic models must be developed +o account for variation in

M v/i+h age> and current es+ima+es should be revised.
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9.1 MOV EMENT PATTERN .QE__IA6GED AU STRAL I AN_ .SALMON JN SaJTH_ AU^IBAULA

Of 4>102 western salmon tagged during the programme> there have been

1376 recoveries^, of which 1298 were accompanied by sufficient

Informa+ion +o s+udy movemen+. The majori+y of these recaptures have

been made In Sou+h Australia. This reflects explol+a+ion of the large

proportion of smaller size classes Included in the tagged sample;

ra+her than a lack of migratory movement +o Wes+em Australia.

Tagging was undertaken +o determine the local movemen+ pat+erns of

salmon in South Australia; and +o determine the sources, and age/size

characteris+ics> of migrants from S.A. In+o the Wes+ern Australian

Fishery.

9.1.1 tompjejit £a+±er p_s_oi _D_i i_f_er ejrL _S_'LZ5__CI as_s e s

Movements of tagged salmon are sunmarised by lengths a+ release

in Table (9.1). There are three main features of this da+a;

(1) the movement +o Western Aus+ralia;. represented by distances

travelled of more than 1,000 kllome+res; (2) the paucl+y of

movements of 200 - 1»000 kilometres^ and (3) the great majori+y

of localised movements by fish of all leng+h classes. The

"+a;l" of smaller leng+h classes +ha+ have moved +o Western

Australia represents the growth and departure of these salmon

after long periods a+ llber+y. When results of the tegging

programme are complete^ the tail will encompass more, and

smaller, length classes.

The largest movements wi+hin South Australia were generally

made by larger size classes of 56 - 60cm LCF, and above.

9.1.2 M<2y^meM__Bfi_tw_e_en _FI sh] na_ Areas

Tagged salmon were caught wl+hin fishing areas mainly; but

individuals of all length classes did move be+ween fishing

areas. The locations of release and recap+ure of salmon which

1 Recoveries of tags up +o June 1, 1987.
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Table (9.1). Frequency distribution of distances travelled by recaptured
tagged salmon summarised by lengths a+ release.

length

class (en)

21-25
26-30

31-35

3MO
ti-15
46-50

51-55
56-60

61-65

66-70

71-75

TOTRLS

0-5

10
'^

58

w
11
92
50
62
31

2
0

464

6-20

0
1

%
17
26
15
31
38
13

0
0

220

KILWCTES

21-50 51-1

0
1

20
10
15
16

3
30
25

0
0

120

00

1
0
3

ie
12

6
e

11
3
0
0

65

IRftUELLED

101-

200

0
0
1
1
3
1
2
6
2
0
0

22

BY IRGGED

201- 501-

500 1000

0 0
0 0
0 0
1 0
0 0
1 0
1 1
1 0
5 0
0 0
0 0

12 1

SfiLMOH

1001-

2000

0
0
0
0
1
-i

18
52
79
11

0

16B

2001-

2500

0
0
0
0
1
3

13
81

108
1
0

213

2501-

3000

0
0
0
0
0
0
1
1

10
1
0

13

TOTOL

D
6

128
1b1

99
171
13)
291
276

2)
0

129B
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Table (9.2)

FISHING AREA
AT RELEASE

S+hn Eyre Pen.

Yorke Peninsula

Kangaroo Island

Sou+h-Cen+ral
Coast

TOT AL

Movement (more than

f ish ing areas.

RELEASE LOCATION

Boston Island
Bicker's Island
Boston Point

Wa++le Bay
Wa++le Bay
Point Tur+on
Poln+ Tur+on
Berry Bay

Hog Bay
Hog Bay
Hog Bay
Hog Bay
Hog Bay
Hog Bay
Hog Bay
Hog Bay
S+oke's Bay
Poln+ Marsden
Emu Bay
Cape Cout+s
Cape Cout+s
Cape CQU++S
Cape Cou+ts
Cape Cout+s
Smith's Bay
Smith's Bay
Smith's Bay
Ballast Head
Ballast Head
Ballast Head
Ballast Head
Ballast Head

Rapid Head

20 kilometres) of tagged

RECAPTURE LOCATION

Anxious Bay
Almon+a Beach
Almon+a Beach

Cape D'Es+aing
S+okes Bay
Wal laroo
Smith's Bay
Anxious Bay

Wat+pmga Beach
Salt Creek Beach
Port El No+
Glenelg
Rapid Head
Troubridge Point
Hit lock Point
Anxious Bay
Anxious Bay
Murray Mou+h
Salt Creek Beach
Murray Mou+h
Port El I to+
Wai+pi nga Beach
Parson's Beach

Rapid Head
Back Beach
Thls+le Island
Lou+h Bay
Boston Island
Brown's Beach

Outer Harbour Breakwa+er
Rapid Head
Port WiIlunga

An+echamber Bay

salmon between

N tags

1
2
1

3
1
1
1
1

5
6
1
1
36
2
1
3
1
1
1
1
1
2
1
2
1
1
1
1
1
1
1
1

1

86
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moved between fishing areas are summarised In Table (9.2). No

tagged salmon moved from the West Coas+ and Sou+hem Eyre

Peninsula tagging locations +o fishing areas in the east. The

greatest interchange of tagged fish occurred between Yorke

Peninsula and Kangaroo Island; and Kangaroo Island and the

~SouTIR-Cen'fr'alll~'CoasT71'l—^^^^^^^^—-—•———^^^^^^^^

Movements between fishing areas represent less than 10 per cent

of all movements In Sou+h Australia. Movemen+ may become more

widespread as tagged fish grow older; bu+> whilst the tagging

programme is s+ill not compte+e> i+ Is suggested +ha+ fished

populations in different fishing areas are largely independent.

Stanley (1979) found +ha+ salmon began +o move out of nursery

areas; in the gulfs» a+ ages of 1+ +o 2+; and? In V/es+ Coast

embaymen+s» a+ ages of 2+ and 5+. However> a+ al I ages» up +o

6+» some tagged salmon remained In the vicini+y of the tagging

location. Stanley (1979) suggested +ha+ movemen+ of the

population was only partial. In +ha+ tagging programme, no

tagged fish moved eastward in+o other fishing areas from the

West Coast. A+ younger ages salmon moved between eastern

fishing areas +o a liml+ed extent; as in the present tagging

programme.

The movements of tagged fish from alI fishing areas +o the West

Coast are considered +o be representative of par+icipa+ion in

migration +o Western Australia. The timing of recapture, and

lengths of the fish involved) are given in Table (9.3). 1+ Is

possible +ha+ salmon do gradually move wes-tv/ard as they grow;

however> the weight of evidence suggests +ha+ these recaptures

were fast-moving migrants travel 11ng along the West Coas+. The

salmon were large; and other fish> tagged frcm the host schools

on the West Coas+» subsequently were caught in Western

Australia. The da+es of recapture coincide mainly wi+h times

of departure of migran+s, which are discussed in Section

(9.2.2).

Apart from the movemen+s associa+ed wl+h mlgra+ion of adul+s>

there was I i++le evidence of seasons! movements of younger

salmon wi+hin this S+a+e. 1+ was not possible +o weight the

tag returns* in time and space, by variations In fishing



Table (9.3). Details of release and recapture of salmon tagged in fishing areas to the east of the West Coast, and
subsequently captured on the West Coast.

OPNUM LOCATION OF
RELEASE

LOCATION OF
RECAPTURE

DATE OF
RECAPTURE

SALMON
LENGTH (CM)

TIME AT
LIBERTY

DISTANCE
MOVE (KM)

16

17

17

26

35

4

47

58*

52

Hog Bay

Hog Bay

Hog Bay

Stokes Bay

Berry Bay

Boston Island

Bickers Island

Anxious Bay

Smiths Bay

Anxious Bay

Anxious Bay

Anxious Bay

Anxious Bay

Anxious Bay

Anxious Bay

Lock's Well

Point Sinclair

Back Beach

27/1/86

27/1/86

27/1/86

27/1/86

27/1/86

27/1/86

9/5/86

3/3/86

12/2/87

64.7

61.4

62.8

63.8

59.0

58.7

63.2

389

389

389

344

312

459

220

35

401

445

445

445

388

350

300

200

280

510

* Tagged on the West Coast



96

effort; so only the most pronounced pa+tems of movement would

appear In the results of the tagging programme. Malcolm (1960)

suggested +ha+ there was a nor+herly movemen+ of tagged fish in

Spencer Guif> during the wtn+er months of April - October. He

no+ed +ha+ most recaptures of tagged fish in Sou+h Australia

were localised.

The movement pa++ems of tagged fish are shown for tagging

operations carried out; on the West Coast, and in Boston Bay,

In Figure (9.1); along Yorke Peninsula, in Figure (9.2); and

around Kangaroo Island* in Figure (9.3). The results of

tagging a+ Hog Bay were nimerous* and are shown separately in

Figure (9.4). A sunmary of movements between fishing areas is

given as Figure (9.5).

Of particular importance are; (1) the eastward movements of

salmon along the northern coas+line of Kangaroo Island; (2) the

eastward movemen+s of these salmon +o the Vic+or Harbour and

Ktngs+on areas; and (3) the sou+herly movemen+> +o exposed

beaches? of salmon tagged in Boston Bay and Hardwicke Bay.

9.1.3 The Significance of an Eas+erlv Movemen+

Stanley (WFRC 1) found +ha+, af+er 200 days a+ liberty, tag

recoveries from 0+ fish declined markedly. There was an

ex+remely I cw ra+e of recovery of tags in Western Aus+ralia

from 0+ -fish tagged in Sou+h Australia; even af+er natural

mortal 1+y had been allowed for. He concluded +ha+ the mos+

reasonable explanation was +ha+ the 0+ fish had left the area

of operations of the fishery. There was evidence of an

eas+erly movement of 0+, 2+> and older, fish toward the sou+h-

east of the S+a+e. In this area, large tonnages of salmon were

sighted during the summer months (Stanley WFRC 1> pers.comm. R.

Hendry)» but the prevailing wea+her conditions and Iimes+one

sea bed prevented purse-seining opera+Ions. There is

consequently a lack of da+a on the population occurring there,

and the movement of tagged fish +o the area. Stanley (V/FRC 1)

suggested +ha+ a por+ion of the Sou+h Australian population may
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Figure (9.1) Patterns of movement wl+hin Sou+h Australia (greater than

20km) of salmon tagged on the West Coast, and In Boston Bay.

Unless specified by a printed number, the arrowheads

represent movement by a single fish.
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Figure (9.2). Patterns of movement wl+hin South Australia (greater than

20km) of salmon tagged along Yorke Peninsula. Unless

specified otherwise* the arrowheads represent movemen+ by a

slngle fIsh.
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Figure (9.4). Patterns of movement wl+hin South Australia (greater than

20km) of salmon tagged a+ Hog Bay» Kangaroo Island. Unless

specified otherwise* the arrowheads represent movemen+ by a

slngle fIsh.
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Figure (9.5) A summary of movement (by tagged salmon) between fishing

areas. Arrowheads represent movemen+ of one> or more> fish.

Numbers are outlined In Table (9.2).
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move +o the Sou+h-East coas+> prior +o departure +o Western

Australia a+ older ages than the rest of the popula+ion.

In the current s+udy, fish aged from 1+> and above, moved

eastward from Kangaroo Island +o Wal+plnga Beach> the Murray

MOy^^_g^^_S^^

on the Sou+h-Eas+ schools, 1+ is not possible +o add

signtfIcan+ly +o Stanley's hypothesis.

1+ is possible +o discuss patterns of recrui+ment +o beaches

fished commercially and/or by anglers. Beaches on the sou+h

and east coas+s of Kangaroo Island were colomsed by some

salmon from nursery areas in Shoal Bay» on the sheltered

northern side of the island. Schools on the sou+h-wes+ern

coast of Yorke Peninsula were con+ribu+ed +o by recrul+s tagged

in Hardwlcke Bay. Similarly* some fish moved from Bos+on Bay

around +o the exposed Almon+a Beach.

1+ is suggested +ha+ the major sources of recrui+ment for the

fisheries along exposed coas+s come from ad?acen+ nursery

areas; in sheltered bays* in the gulfs or in the Coorong

lagoon. There was no evidence of a gradual westward movement

of growing salmon, nor was there evidence of long, random

movements along the Sou+h Australian coas+IIne. Salmon

continue +o recruit in+o> and +o be caught In» the same

localised areas of the Sou+h Australian coastline.

9.2 MIGRATION TO WESTERN AUSTRALIA

The numbers of tagged salmon recaptured during the 1985, 1986 and 1987

seasons are shown* by tagging operation, in Table (9.4). Tag

recoveries in the table are expressed bo+h as a percentage of the

total numbers released; and as a percentage of the survivors available

+o mlgra+e, af+er S.A. recaptures have been allowed for.

The locations of release and recapture of migrating salmon are

summarised in Figure (9.6). Tag recaptures, a+ Wes+em Australian

fishing beaches, are given in Appendix (9.1).
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Table (9.4). Recaptures In Western Australia of salmon tagged In Sou+h
Australia, by season of recapture and by +agging operations.

OPKUH OPDRIE LOCflIION

12 01/08/85 flLNONIR BERCH
-H 03/08/85 fiLMONIR BERCH
13 02/08/85 RLMONIfi BEflCH
58 27/01/86 flHXIOUS BRY
50 22/11/85 GRCK BERCH
21 01/02/85 POINI DILLON
19 02/11/85 CRPE BRUER
10 20/11/81 KRD NILE POIHI
18 27/10/85 HIGH CLIFF
9 19/11/81 BHIRD'S BRY

18 19/01/85 flNXIOUS BRY

1 26/10/81 FRNHY POINT
17 02/10/85 BICKERS ISLRND

28 27/02/85 URT1LE BfiY
35 21/03/B5 BERRY BHY

16 03/01/85 HOG BRY
51 28/11/85 HOG BUY
17 04/01/85 HOG BRY
51 09/01/86 HOG BRY
26 17/02/85 STOKES 8RY
56 Z3/01/G6 HOG BftY
57 21/01/86 HOG BRY
15 11/09/85 [RPE D'ESTflING
2 23/10/84 O'ESTREE BRY

25 17/02/85 STOKES BUY
3 23/10/81 D'ESTREE BflY

59 20/02/66 HOG BRV

20 26/01/e5 5ERL ROCI;

TOTRL5

c

H tagged

37
19
23

168
M
M

310
6

115
12

235

21
61

5&
89

1 ec
83

102
115

88
136
201

51
56
79
29

105

7

2571

iERSON OF

1985

0

0

0
1

0

0
1

13

5

0

3
0
2

0

28

RECRPIURE

1986

2
0
2

11
15

1
2
)
0
0

18

1
3

1
8

12
27
11
11
10

1
2
1
8
9
2
0

3

237

1987

1
2
3

2)
6
0

12
0
2
1
0

1
6

3
2

2
10

1
16

2
16
25
5
1
1
0

11

0

156

lOIfll

6
2
5

65
21

1
11

1
2
1

52

5
9

1
11

27
37
20
30
12
20
27

9
12
10

1
11

3

m

as '/, of

Ntagged

16,2
10.5

21.7

38,7
32,8

1.6

i1
16.7

1,7

8,3
22,1

23,8
11.8

7,1

12.1

11.5
11,6
19.6

20,7

13.6
11,7

13.t

1?,6

21.1

12,7
13.8

13.3

12.9

16,1

85 I Of
survivors

16,7

11,3

21,?
38.9

36,8

1.8

1,9

16,7
2,0

9,1

28,1

31,3
17,0

11,1
21,2

15.3
16.3

20,6
22.1

19,0
17,1

16,5
32,1

Z2.6

16,1

13,8

13,9

12.9

19.2



Figure (9.6). Locations of release and recapture of tagged salmon which migrated from South Australia.

Lines do not imply knowledge of the path of migration. I
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Ra+es of recovery in Western Australia were the highest ye+ recorded;

a+ an average o-f 20 percent for the operations listed. These

operations comprised salmon older than 3+; mainly 4+. Stanley (WFRC

1) summarised tag recoveries of earlier programmes where fewer large

salmon were tagged. For 4+ fish» recoveries In Western Australia were

\.~J7oi 9.7% and 10.8%> respectively, for tagging undertaken in the

1950's, 1960's and 1970's.

The number of recaptures In Western Australia will increase +o a

higher level* once younger fish have developed sufficiently +o

migrate. In comparison +o previous programmes? this higher level is

partially due +o the large number of large fish tagged; over 60

percent of the salmon tagged were greater than 50cm LCF. However^ the

tag recoveries reflect also the magnitude of the annual par+icipc+ion

of Sou+h Australian adul+s in a migration +o spawn in Western

Aus+ralla.

There was no evidence of a decrease in recrui+ment +o Wes+em

Australia wi+h release location, fran west +o east. Recoveries of up

+o 38% and 46%, respectively, were recorded for Anxious Bay (West

Coast) and Hog Bay (Kangaroo Island). However; the Hog Bay operations

were based on migrating salmon (see Section 9.2.3) and other

"resident" fish tagged in the same area are not ye+ of suf1:icien+ age

+o migrate.

Stanley (WFRC 1) found +ha+ there was l;++le movemen+ +o Wes+em

Australia? a+ older ages, of the 0+ and 1+ salmon tagged a+ Tickers,

Cape Jervis, Kangaroo Island and Port Ellto+. He suggested +ha+ the

coastline west of Coffin Bay was the grea+est source of migrants +o

Wes+em Aus+ralla.

9.2.1 Size and Aae Characteris+ics of Migrants

The number of tagged salmon recaptured in Wes+em Australia, by

leng+h a+ release, is given in Table (9.5). Recoveries have

been adjusted by allowing for recaptures in Sou+h Australia.

Recaptures in W.A. increase, wi+h leng+h a+ release, up +o 36%

for the largest leng+h class from which fish were tagged. Wi+h



106

Table (9.5) Recaptures in Wes+em Australia, by length class of salmon
a+ release; expressed on a survivor basis (after allowance

has been made for local recaptures).

LENGTH
CLASS
(CM)

26-30

31-35

36-40

41-45

46-50

51-55

56-60

61-65

66-70

TOTAL

NUMBER
TAGGED

40

313

361

251

531

527

962

1057

59

4101

S.A.

RECAPTURES

6

128

164

96

164

99

154

79

2

892

W.A.

RECAPTURES

0

0

0

2

8

38

159

198

21

426

EXPRESSED
AS % OF
SURVIVORS

0.0

0.0

0.0

1.3

2.2

8.9

19.7

20.2

36.8

13.3



107

time, recaptures In W.A. of smaller size classes will increase

at so.

A more accurate representation of the extent of migration can

be es+ima+ed by allowing for loss of po+en+lal migrants through

bo+h explol+a+lon In South Australia? and natural mor+al!+y.

In Tables (9.6), and (9.7), the formula N+= No / e2+ (Gui land,

1983) has been used +o es+ima+e the number of tagged salmon

remaining after each year of residence In Sou+h Australia. A

value of 0.5 has been assigned +o M> the tns+an+aneous ra+e of

natural mortal I+y, and F has been allowed for by subtracting

yearly recap+ures from the survivors.

There are three features of the da+a presented in Tables (9.5)?

(9.6) and (9.7); (1) there Is no evidence of a senlle, non-

spawning population In the fished area of .Sou+h Australia;

recaptures in W.A. increase wi+h length a+ release; (2) the

proportion of larger fish recaptured In W.A. is high; and (3)

recaptures of these tagged fish in W.A. decline rapidly in the

third year a+ Itber+y.

Migration from tagged schools of fish larger than about 60cm

LCF ts spread over two years, mainly; the season immedia+ely

af+er tagging, and the season In the sunmer of the following

year.

ExploI+a+Ion of the spawning s+ock in Western Australia has

been es+lma+ed +o vary about a level of 30 percent (Walker,

pers.comm.). 1+ could be argued +ha+ a tag recovery ra+e of 20

percent. In Western Australia? represents a recrui+ment ra+e of

60 percent 1n+o +ha+ stock, of adul+s from South Australia.

In Section (7.3), reference was made +o the spread over time of

recaptures In Western Australia; wl+h an Increase In ra+e of

recovery, wi+h +ime> for some operations detailed in Appendix

(5.1) and Table (9.4). Ra+es of exploi+a+ion and natural

mortalI+y are very high in Wes+em Australia; and 1+ Is
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Table (9.6) Results from tagging In sunmer* 1984/85: Western Australian
recaptures expressed as a percentage of those surviving
fishing and natural mortal I+y after the first (Year 1) and
second (Year 2) full years after release.

LENGTH
GROUP (CM)

26-30
31-35
36-40
41-45
46-50
51-55
56-60
61-65
66-70

TOTAL

NUMBER
TAGGED

39
226
332

91
255
172
437
288

18

1858

1986

W.A.

SEASON - W.A.

AS % OF
RECAPTURES SURVIVORS FROM

0
0
0
0
2

20
74
24

3

123

YEAR 1.

0
0
0
0

2.6
29.3
36.8
16.8
33.6

18.8

1987

W.A.

SEASON - W.A.

AS % OF
RECAPTURES SURVIVORS FROM

0
0
0
2
2
4
6
0
0

14

YEAR 2.

0
0
0

6.8

2.4
9.5

10.0
0
0

2.9

Table (9.7) Results from tagging in sunmer 1985/86; Western Australian
recaptures expressed as a percentage of those surviving fishing
and natural mor+all+y after the first full year (Year 1) af+er
release.

LENGTH
GROUP (CM)

26-30
31-35
36-40
41-45
46-50
51-55
56-60
61-65
66-70

TOTAL

NUMBER
TAGGED

1
87
29

160
276
355
525
796

41

2243

W.A.

RECAPTURES

0
0
0
0
4

13
52
70

3

119

AS % OF
SURVIVORS FROM YEAR 1

0
0
0
0

4.3
8.3

22.3
20.7
25.3

15.8
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unlikely +ha+ mlgran+s from Sou+h Australia could persist and

become resident In large numbers; In +ha+ S+a+e. Tag

recoveries by anglers were not significant between seasons in

Western Aus+ralI a.

Therefore, i+ is proposed +ha+ the spread of recaptures

represents a pos+ponement of migration by tagged salmon.

Stanley (1980b, 1983) demons+ra+ed +ha+ migration +o Western

Australia Is dependent upon growth rates; wl+h fas+er-growlng

fish migrating a+ younger ages. He found also +ha+ the effec+s

of tagging may result In the pos+ponement of migra+lon, +hrough

behavioural changes (Stanley^ 1983).

In line wl+h these hypotheses, the lengths a+ release, and ages

a+ recapture? were examined; of salmon recaptured In the

seasons immediately following (Season 1) and one year after?

(Season 2) release. To overcome differences In ra+es of

growth? da+a frcm operations a+ Anxious Bay (West Coast) and

Hog Bay (Kangaroo island) were treated separately.

Two questions are examined In Tables (9.8) and (9.9); (1) are

the lengths a+ release of tagged school members lower for those

fish migrating in Season 2?; and, (2) are the ages a+ release

of tagged school members lower for those fish migrating in

Season 2?

There are significant differences in the lengths a+ release of

tagged salmon which migrated +o Western Australia in two

different seasons; for bo+h Hog Bay and Anxious Bay operations.

The larger fish In the tagged schools migrated first? and the

smaller fish postponed movement +o Season 2. The differences

in leng+h were qui+e subtle for Hog Bay fish exhibiting these

different movemen-h pa+terns.

However, the results of analyses of age a+ recapture differed.

The age a+ recapture of Anxious Bay fish was independent of the

season of recap+ure. That Is» fish recaptured in season 2 were

younger when tagged than those individuals recaptured in season



no

Table (9.8) Tests of the null hypothesis (Ho) +ha+ mean length a+ release
Is equivalent for salmon cap+ured In season 1 and season 2>
af+er release.

SPSS S+uden+'s +-+es+, reject Ho If P < 0.05

HOG BAY, All Operations Pooled

N Mean S+.D S.E.

Season 1 62 61.97 1.628 0.207

Season 2 112 60.49 2.415 0.228

Separate Variance Es+ima+e

+-value d.f 2-TaII Probabill+y (P)

4.80 65.31 P = 0.000

ANXIOUS BAY, all operations pooled

N Mean S+.D S.E.

Season 1 48 63.35 2.204 0.318

Season 2 69 60.45 2.292 0.276

Separate Variance Es+Ima+e

+-value d.f 2-Tail Probabill+y (P)

6.89 103.74 P = 0.000
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Table (9.9) Tests of the null hypothesis (Ho) +ha+ age a+ recapture Is
equivalent for salmon recaptured in season 1 and season 2,

af+er release.

Row by Column +es+ of Independence? G-s+a+Is+ic (Sokal and
Rohtf, 1973); Retain Ho 1 f G/q < \2 (a-1) (b-1) where a =
number of rows> b = number of col urns.

AGE AT RECAPTURE IN WESTERN AUSTRALIA

HOG BAY 3+ 4+ 5+ 6+ 7+ 8+ TOTAL

Season 1

Season 2

25

16

34

65

2

23

61

106

TOTAL 41 99 25 167

G/q = 20.31 > ^ = 18.46, Reject Ho

chi,

AGE AT RECAFRJRE IN WESTERN AUSTRALIA

ANXIOUS BAY 3+ 4+ 5+ 6+ 7+ 8+ TOTAL

Season 1

Season 2

1

2

24

27

20

26

1

10

46

64

TOTAL 51 46 11 110

G/q = 5.91 < ^<25 = 16.266, Retain Ho

cht
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1; producing a similar age composi+Ion in bo+h seasons, mainly

4+ and 5+. However; scales from Anxious Bay salmon were

ex+remely difficult +o read* and these results may be an

ar+lfact of the ageing analyses. That is, de+ermina+Ions of

age a+ recapture may have been Independent of true age.

Hog Bay salmon recaptured tn season 2 were slgnlf Ican+ly older,

by approximately one year, than those recaptured In season 1.

That Is> fish recaptured in season 2 were of equivalent age a+

release +o fish recaptured In season 1. Fish were recaptured

mainly a+ ages of 4+ and 5+ In season 1; and 5+ and 6+ In

season 2.

This direc+ly supports Stanley's (WFRC D hypothesis +ha+

migration depends on grow+h ra+e; smaller-at-age salmon from

Hog Bay postponed migra+lon un+iI season 2.

However, the salmon tagged a+ Hog Bay were not resident fish;

bu+> ra+her, migrants from unknown sources (see Sec+Ion 9.2.3)

moving rapidly through the bay. Thus> the pos+ponement of

movement +o Western Australia represents a "dropplng-ou+" of

members of the migrating schools from Hog Bay. The timing and

location of cessation of migration are unknown* as are the

causa+ive mechanisms of this phenomenon.

These salmon were not recrui+ed tn+o the Sou+h Australian, or

Wes+em Australian fisheries during the year in which migra+Ion

was postponed.

9.2.2 Timing of MIara+ion

There is evidence +ha+ migration Is rapid* and can occur

relatively close +o the s+ar+ of the spawning season. Fish

released as la+e as the third week of January, a+ Hog Bay and

Anxious Bay* were recaptured in the W.A. fishery Immedla+ely

following. Times a+ liberty for these fish ranged from 47 days

for Anxious Bay releases* +o 86 days for salmon tagged a+ Hog

Bay. No salmon tagged on 20/2/86, a+ Hog Bay> were caught In

the 1986 salmon season in Western Australia.
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If i+ Is assumed +ha+ the salmon migrate along the coas+» the

lack of recaptures between the locations of release and

recapture may reflect the speed of the movemen+.

The timing of the onset of migra+Ion Is unknown. In the

"assembly area" (Malcolm, 1960) around Esperance, tagged salmon

were cap+ured by anglers In the period September 1986-March

1987. Observations by fishermen; outlined in Section 9.2.3,

suggest +ha+ salmon pass the Victor Harbor-Hog Bay area in

November +o March.

9.2.3 Thj2_SJjmLiJ_caTtce of Hoa Bay Schools.

Schools of large salmon move through Hog Bay in the sunmer

months, mainly from November +o February (pers.comm. S. Noack).

Detailed spot+ing logs kept by this fisherman showed +ha+»

during the s+udy periods the schools usually comprised less

than 10 tonnes of fish of individual welgh+s es+ima+ed a+ 5.5

kg» and over. The salmon moved rapidly? mainly fran east +o

west.

To the east, a+ Victor Harbor In area 45» salmon were caught In

mesh ne+s during the period November +o March and local

fishermen reported +ha+ the movemen+ was from east +o west; of

small groups of fish (pers.ccmm. R.J. Tugwell). teasuremen+s

of these salmon were presented in Section (5.4).

The source of salmon migrating through Hog Bay may be +o the

east. In the Sou+h-East and/or eastern S+a+es, or along the

sou+h coast o-f Kangaroo Island. Apart from local recoveries,

which represented less than 0.5 percent, no tagged fish were

recaptured in these schools.

The habi+s» and habitat, of tagged fish are largely unknown in

the interval between release a+ Hog Bay and recapture in the

W.A. fishery. Several were recaptured a+ Anxious Bay,

presumably enrou+e +o Western Australia, and other recaptures

were dispersed around Kangaroo Island; Yorke Peninsula,
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Fleurieu Peninsula and the Sou+h-East (see Figure 9.4). The

recaptures made along the Nine+y-Mile Beach a+ Salt Creek are

significant. Although there is no commercial fishery for

salmon in +ha+ area* anglers caught six tagged salmon there.

These fish were caught as a by-ca+ch of mulloway fishing

-^^^^..^.j.^^.._^^^^^^^^^^^—_

1+ is suggested here +ha+ Inves+Iga+cr S+ral+ may be a corndor

through which salmon migrate. Individuals which cease, and

postpone, migration may move eastwards* or sou+hwards, +o

exposed coas+s. WI+hou+ further tag recoveries> i+ is possible

only +o speculate on the ac+Ivl+ies of these tagged adul+s

during their disappearance frcm the fishery.

9.3 -mE RELATIONSHIP BETV/EEN CATCH IN WESTERN AUSTRALIA, AND RECRUITMENT

FROM SOUTti AUSTRALIA

The central management issue concerning previous studies has been the

level of ca+ch in Western Australia con+nbu+ed +o by Sou+h Australian

recrui+s.

Stanley (WFRC D, building on the work of Nicholts (1960's) and

Malcolm U950's), has proposed an elegant hypothesis +o explain the

fluc+ua+ion In Western Australian ca+ch. These studies showed +ha+

the sequence of even+s during the Wes+em Australian season was one of

consistent and predictable changes each year. There was a regular

progression In the leng+h and age s+ruc+ure a+ recrui+ment of salmon

which were present in the fishery for only one year.

There was a decrease in mean length of fish In each school during the

season; in the order o-f two +o three cen+Ime+res. This decline was

gradual towards mId-March* but sharp from then on +o the end of the

season. The da+e of in+ersec+ion between two regression lines of mean

leng+h of fish, wi+h +ime> was March 13 ± 2 days. The decrease in

school mean length was caused by progressive entry in+o the fishery of

smaller salmon wl+hin each age class.

Studies of the age s+ruc+ure wi+hin each period of differing ca+ch

composition have shown +ha+; (1) there was a much greater increase in
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the nunbers of 3+ and 4+ fish caught In period 1, as the +o+al ca+ch

increased? than for 5+ and 6+ age groups; and (2) the amount of fish

caught In period 1 was issiSL than that landed In period 2 for seasons

of lower total ca+ch and, as the +o+al ca+ch Increased^ the period 1

ca+ch increased a+ a ra+e faster than +ha+ for period 2.

In sunmary, Stanley (WFRC 1) proposed +ha+ I+ was the magnitude of the

ca+ch made In period 1> of 3+ and 4+ salmon* which determined the

overall success of the Western Australian season. Frcm the results of

tagging operations, S+anley (WFRC 1) concluded +ha+ higher ca+ches

were associated wi+h entry of 3+ and 4+ salmon f ran the Esperance

area. Having higher grow+h rates? these fish were Iarger-at-age than

4+ salmon from Sou+h Australia.

In the sou+h-coast fishery, during 1975-80? ca+ches below 1000 tonnes

per season were significantly related +o the daily entry of Sou+h

Australian tagged fish; and above 1?500 tonnes, +o the daily entry of

Esperance tagged fish. A much larger percentage of Esperance tagged

fish (46%) was recaptured In period 1, In comparison +o Sou+h

Australian tagged salmon (25%). Most tagged salmon from South

Australia were recaptured af+er March 13 (75%) In Western Australia.

In Figures (9.7), (9.8) and (9.9) the daily recaptures of Sou+h

Australian tagged fish (by professionals) are plo-h+ed wl+h daily

ca+ches on the W.A. sou+h-coast, for the seasons 1985, 1986 and 1987.

These da+a were analysed +o +es+ for significance of correlation

between daily en+ry of tagged fish and daily ca+ch magni+ude. The

results for 1985 were not Included In the analyses, because of the low

number of salmon tagged prior +o ccmmencement of the season. Tag

recaptures were not dts+rlbu+ed normally? so +es+s for correlation

were carried out using Spearman Rank Correla+lon coefficien+s.

Ca+ches must be made for tags +o be re+umed> so days on which no

ca+ches were made were excluded fran analyses. Results are presented

in Table (9.10).

Ca+ch has declined since 1984 (3543 tonnes), but the 1986 ca+ch was

the second highest ca+ch taken since 1960. In 1986? there was a low

correlation be-h^een sou+h coast ca+ch and daily entry of tagged salmon

from Sou+h Australia. Most tags (86%) were recovered during period 2,
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Table (9.10) Spearman Rank correlation coefficien+s (rs) for daily
recaptures of tagged salmon and daily ca+ches by professionals
on the W.A. Sou+h-Coast.

1985 N tags Ca+ch
(kg)

N days rs

Period 1**

Period 2

Whole Season

0

21

21

463731

1403445

1867176

1986

Period 1

Period 2

Whole Season

N tags

20

123

143

Ca+ch
(kg)

1024259

1464876

2489135

N days

26

32

58

rs

0.59

0.69

0.55

1987

Period 1

Period 2

Whole Season

N tags*

68

118

186

Cat ch
(kg)

978503

898325

1876828

N days

35

34

69

rs

0.72

0.75

0.74

**

provisional only

periods recognised from previous studies on ca+ch s+ruc+ure in W.A.
(Stanley, WFRC D.
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and there was a higher correlation between the two fac+ors during this

time. Unfor+una+ely, the 1986 ca+ch on the sou+h coast was not

sampled* and nothing Is known of the age/slze character;s+1cs of

salmon caught wf+h the tagged Individuals.

In 19 87 > the sou+h coast ca+ch was lower (1,877 tonnes) and was

significantly, highly correlated wl+h the entry of tagged salmon -from

Sou+h Australia. Tag recoveries for period 1 were relatively high

(36%)> and daily en+ry of tagged salmon was highly correlated wi+h

daily ca+ches in bo+h periods. The number of tagged fish present

before March 13 seems +00 large +o represent a "carry-over" of

survivors from the previous season. Information on the leng+h/age

s+ruc+ure of the 1987 ca+ch is not ye+ available.

In line wi+h Stanley's (WFRC 1) hypo+hesis, the 1987 ca+ch should not

have been highly correlated wi+h daily entry of tagged salmon from

Sou+h Australia. However, there are insufficien+ da+a here +o +es+

the hypo+hests. Signlfican+1y. Walker (1985) reported +ha+ the

proportion of 3+ fish was particularly high for the good seasons of

1983 and 1984; during the end of the salmon run (period 2 in April);

and for the eastern part of the fishery. S+anley (WFRC 1 ) predicted

+ha+> in years of high ca+ch> greater numbers of 3+ and 4+ salmon

would be caught; but these fish should recruit In+o the fishery from

the Esperance area, ]sslQES. March 13 in period 1.

In order +o understand the relationship between annual ca+ch and

recrui+ment in Western Australia? i+ Is essential +ha+ all age and

length da+a are analysed for recent seasons of higher levels of ca+ch.

Without this synthesis of ca+ch da+a> I+ is not currently possible +o

discuss the full implications of +he results of tagging presented

here. Levels of recrul+ment from Sou+h Australia may be higher than

previously predicted.

9.3.1 The Mechanism Govemina Recrul+ment

Stanley (WFRC 181) considered +ha+ Sou+h Australia provided a

"background" level of recrui+men-t- of up +o 1,000 tonnes during

the era of low ca+ch in +ha+ S+a+e. High ca+ch levels were

considered +o be the result of high levels of recrui+ment frcm
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the western Bigh+ - Esperance area. As there was no fishery in

there, Stanley (WFRC 1) suggested +ha+ envIronmen+al condi+ions

In the spawning area caused variable recrul+ment of juveniles

in+o the Esperance area. The lack of juveniles In the

Esperance area? reported by Walker (pers.comm.)> was suggested

+o be the result of sampling bias toward years of low W.A.

ca+ch, and low recrul+ment in +ha+ area (Stanley, pers.comm.).

Stanley (WFRC 1> pers.ccmm.) found +ha+ there was a correlation

between saltnl+y levels !n the time and area of spawning^ and

ca+ch four years la+er !n Western Australia. The envelope of

predicted values Included the recent seasons of high ca+ch.

Timing of the seasonal Interchange from higher salinl+y

(>35.8%) sub+roplcal wa+er In summer, +o lower saNni+y

(<35.0%) tropical wa+er In wIn+er may be critical +o the

survival? and dispersal, of Juvenile stages (Stanley, WFRC 1).

In response +o envlronmen+alIy-tnduced recrul+ment varta+ion

and Intensive* cons+ant effor+» management s+ra+egies mus+ be

aimed a+ conserving spawning stock a+ sufficient levels in

Wes+em Australia each year.

10.1 THE ABUNDAN£LQFJSALM3NJX_^Q1JIH_^U^IBAL1A

Salmon spot+ers fly over +radi+ional fishing areas In the search for

salmon schools. Once a congregation of target schools is located?

the aerial search becomes aerial surveillance of localised areas.

For the purposes of es+Ima+lon of popula+ion abundance^ the aerial

spotting of salmon schools Is biased In this S+a+e.

During the period October 1984 - June 1986> a total of 64 aerial

surveys were completed by spo+ters and research s+aff. No sampling

design was employed in the surveys? and es+Ima+es of school tonnage

and Individual fish size were not "ground-tru+hed" wf+h ca+ches.

wi+h the exception of two flights +o the Sou+h-Eas+, surveys were

undertaken in the area of opera+ions of the purse-seine fleet.

During survey fligh+s» spo+ters flew along the coast, sligh+ly +o one

side of the surf-zone a+ a height of about 300 metres, es+ima+es of

school size and fish size were made by the spot+ers, from many years
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experience In the industry, and recorded by research s+aff or other

passengers.

The coast wi+hin fishing areas was par+1+ioned In+o 40 zones*

according +o the scheme In Table (10.1). An example of the aerial

-^^^^--^Q^-Y^-^^^

The results o-f surveys are simmarlsed in Table (10.1) and (10.2).

The two main summarising s+a+is+ics used here are; the average

tonnage sighted per zone? during flights In +ha+ zone when salmon

were sighted; and the maxiniLm tonnage sighted per zone, on any single

flight when salmon were sighted there.

For the purposes of population es+ima+ion? the following assump+ions

are made here; (1) the pooled survey results represent a single point

sample of the population; (2) there was no movemen+ of salmon between

zones; (3) there was no mortal1+y or recrul+ment wl+hin zones; (4)

the entire popula+lon inhabi+s the coast, but fcrages offshore; and

(5) all size classes school, and all school sizes are equally visible

from the ai r.

Under these assLmp+ions> a lower and upper limit o-f popula+ion size

wi+hin fishing areas was calculated by summing* respectively, the

average and maximum tonnages slgh+ed per zone. The population size

In the sampled area was es+ima+ed a+ 3602-6193 tonnes.

1+ Is considered +ha+ this range si gnlfIcan+1 y underes+ima+es

population size. The mean size of schools varied grea+ly as salmon

left them +o forage offshore; or joined them from nearby schools.

Spo+ters overlooked small schools? particularly those below 10

tonnes, because they were insufficient as purse-selne targe+s. The

smallest school recorded was one tonne. School visibill+y was not

equal, but depended upon school size and spotting conditions.

The tonnage range of schools stgh+ed during the survey» and during

Wes+em Australian surveys? are shown In Table (10.3). Western

Australian slgh+ings were skewed in dls+ribu+ion; from a peak s+ less

than six +onnes» along a "tail" +o 400-500 tonnes. There are two

main features of the Sou+h Australian da+a. More larger schools were

sighted? and the most commonly recorded schools were of 11-50 tonnes



125

Table (10.1). Summary of results of aerial survey undertaken in the
period 1984-86.

FLIGHI PBIH
fron to

zone

SI6HICD BUERflGE MW
N I TOHHfiGE HEflH IOHNB6E

FLIGHIS SIGHIEO SIGHICD SCHOOLS IONHES SI6HIEO SCHOOL Std Lev. SI6Hr[D
ON FLIGHI UEIGHI

10

)
2

3
1
5
6

7
8
9

10
)1
12
13
14
15

16
17

18
19
20
21
22

23
21
25
26
27
28
29
30
31
32
33
31
35
36
3?
38

KINGSIOH

urn HOUIH
CRPC JERUIS

CP UILLOU6HBV
HOG BRY
HRRSOCN Pl
STOKES BRY

CP BORDf)
CP DU COUDEIC
CP GDHIHEflUHE

EDUHBURGH
PI MOOROUIC
STENHOUSE BRY
UESI CRPE
DRLY HERD
CORNY POIHI

SIR JOSEPH BflHI
IHISTLE ISLHND

PORT HEILL
PI BOLIHGBROKE
BOSTON FT
CP DOHIN6TOH
CP IOURHEFOR1

CP CfiRHOI
FT flUOID
PI UHIDBEV
HI GREENLY
PI DRUHHOND
ELLISTON
PI UEYLRND
PI LHBRTI
CP BLflNCHE
PI UESTRLL
CP BRUER
PI BROUK
CP D'ESTREES
ROCKY PI
PI SItlCLHIR
FT FOULER

MURRRY noum

COPE JERUIS
PI NOBRLUNGR REEF

HOG BRY
(1HRSDEH POINT
SIOKES Bfi"
CHPE BORDR

CRP[ OU COUDEIC
CRPE GRHIHEeUHE
CflPE UILLOUGNBY

PORT HOORDUIE
SIENHOUSE BRY
UESI CfiPE
ORLY HERD
CORNY POIHI
ponn WON

; GROUP

POIHI BOLIHGBROHE
BOS10H POIHI
CfiPE DONINGTON
CHPE lOURHEFORf
CRPE cmi

POIHI RUOID
POINI UHIDBEY
NOUHI 6REEHLY
poitii DRimHD
ELLISTOH
POINT UEYLRND
POINT LRBflII
CBPE BLHNCHE
POINI UESTRLL
C»PE BflUER
POINI BROUN
CRPE D'ESTREES
ROCKY POIHI
POIHI SIHCLflIfi
POINI FOULER
CRPE RDIEU

2

1
5

6
7
6
6

6
3

10

5
3
2

13
13

G

5
6

2
1

11
3

10

20
19
13
14
10
11
10
10
23
25
11
11
2
1
1
1

1

1
1

3
5
1
3

5
3

10

5
2
0

10
5
5

1
1

0
1
7
0

10

16
15

3
11

B
10
6
6

11
21

7
10
2
1
1

1

1

0
1

3
2
2
3

1
0
0

0
)
2
3
8
3

1
5

2
0
1
3
0

•i

1
10
0
2
1
1
1

12
1
7
1
0
0
0

0

5

5
9

6
10

7
1

12
9

35

5
2
0

18
5
7

1
1

0
1

10
0

15

21
28

3
62
19
20
11

7
16
59
16
16

1
2
3
2

1100

90
301

136
190
136
260

276
368

3)10

72
20

0
216

72
76

92
1

0
25

156
0

1052

765
1106

31
1806
1126
1201

835
395
'193

2262
618

1160
99
20
20

203

1)00

90
75

15
38
v
87

55
123
311

14
10

0
25
n
15

23
1

0
25
22

0
105

18
w
D

129
Ill
120
139
66
15
91
93

116
50
20
20

203

183,3

18
33,1

22,6
19

19,1

65

23
10,8
88,8

11,1
10
0

13,6

11,1

10,8

23
1

0
25

15,6

0
70,1

31,8

50,2
11,3
29,1
59,2
60.2

75,9
56,1

31,1

38.3
10,5

72,5
21,7

10
6,6

101,5

100.2

10,95

33,7

31.6
21,51

ie.?
17,'i

27.8

62.3
110, t\

10
7
0

11,3

8,?

9,2

18,2
0

0
0

8,8

0
9i, e

22,9
11.7

8
11.2
51.2

60
61.3

37
53

31,6

ie,3
53,6
26,1

0
^,7

139,3

1)00

90
119

80
70
65

200

127
260
230

30
15

0
60
30
25

50
t

0
25
10

0
100

80
280
20

307
105
276
500
125
180
230
270
200
M
20
20

203
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Table (10.2). A range of es+ima+es for population size in coas+al areas*
cons+ruc+ed from sunmarlslng s+a+is+ics.

SUM
AVERAGE
TONNAGE
PER ZONE

SUM
MAX I MJM
TONNAGE
PER ZONE

FISHING AREA

Sou+h-East

Sou+h-Cen+rat
Coast

Kangaroo Island
North Coast

Kangaroo Island
South Coast

Southern Yorke
Peninsula

Spencer Gui f 24

Southern Eyre 152
Penlnsula

West Coast 1389

1100

165

204

489

79

51

456

3176

n oo

209

415

617

160

TOTAL 3602 6139
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in weight. The lack of smaller schools is considered +o be the

result of spo+ter bias.

The smaller size of schools In Wes+em Australia probably

reflects the different behaviour of adult salmon in +ha+ S+a+e.

There? salmon are par+idpa+I ng In a spawning migration, and

move rapidly along the coast.

School ac+lvl+y Is de+alled, by fish size. In Table (10.4).

Smaller salmon> of less than 3 pounds in weight* were not

recorded as frequently as larger fish; but predominated in

purse-seine ca+ches made during the aerial survey period.

This concen+ra+ion reflects the difficulty in es+ima+lng

Individual fish sizes from the air. The slgh+lngs of feeding

schools were insignificant; salmon feed offshore on small

clupelds and return +o lle-up In the surf zone. No large

schools were sighted moving west-ward during the time +ha+

tagged fish migrated through the survey area. 1+ is concluded

+ha+ fish migrate from Sou+h Australia in small groups? between

s+a+ionary schools; not en masse.

Zones are ranked by the average tonnage sighted wi+hin +han> in

Table (10.5). SIgh+ings were highest in the Kingston area,

although fligh+s in consecutive weeks In December 1985 yielded

records of 1<100 tonnes and 25 tonnes, respectively. Fishermen

report +ha+ slgh+ings are highest In +ha+ area during December

- April; after which schools disappear (pers.ccmm. R. Hendry).

In fished areas, the sou+h-eas+ coast of Kangaroo Island? and

the West Coast; supported the highest average sigh+mgs.

Sigh+Ings were consis+en+ly low around southern Yorke

Peninsula, the Spencer Gulf island groups and sou+hem Eyre

Peninsula. However, significant ca+ches were made along

southern Eyre Peninsula during the study period. The lack of

da+a for many zones? and the viola+lon of working assLmp+ions,

restricts the value of comparisons between zones.
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Table (10.3) Tonnage range of schools sigh+ed in S.A. and W.A. *(Af+er
Stanley WFRC 4). Da+a from W.A. represent 5876 schools.

^eNNAGE———^
RANGE

<1-5
6-10

11-50
51-100
101-200
201-300
301-400
401-500
501-600
601-700
701-1000

SCHOOLS
(S.A.)

65
64
232
72
23
2
3
0
0
1
1

S.A.

14.0
13.8
50.1
15.6
5.0

0.4
0.6
0.0

0.0
0.2

0.2

-PERCENT^E--OI^S46tiI-I.NG.S__—^^^^^^^

1984-86 W.A. 1952-77*

65.9
13.5
16.2
3.0

1.2
0.2

0.1

0.03

N SCHOOLS 463

Table (10.4) The ac+Ivl+y of schools slgh+ed In Sou+h Australia, by
es+ima+ed size of school members.

ESTIMATED

FISH SIZE

(Pounds)

<3

4-7

>7

Unknown

FEEDING

0

3

0

0

3

SCHOOL ACT IV ITf

STATIONARY

TIGHT

32

123

150

56

361

DISPERSED

0

1

2

5

8

MOVING

16

26

32

17

91

TOT A!

48

153

184

78

463
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In terms of fish slze» schools in the Cape Wllloughby - Cape

Jervis area were comprised mainly of small (<3 pounds) +o

medium 3-7 pounds) salmon; whilst those along the exposed south

coast of Kangaroo Island, and exposed beaches of the West

Coast, were predcmlnan+1y large (>7 pounds) salmon. Zones are

ranked by es+ima+ed fish size» by fishing area» in Table

(10.6). Sheltered areas were Inhabited by schools of small

salmon and large salmon, particularly on the West Coast.

11.1 REPRODUCTIVE DEVELOPMENT

Malcolm (1960) and Stanley (in prep.) found no evidence of seasonal

ma+ura+Ion of female gonads in large Sou+h Australian salmon.

Malcolm (1960) found +ha+ males in this S+a+e did comple+e the

sperma+ogenic cycle; but the +es+es showed li++le enlargement, mil+

was not ex+ruded from the geni+al opening under stripping pressure

and there was no evidence +ha+ sperma+ozoa were shed by S.A. males.

Sperma+ogenesis may take place in non-migra+cry males. Stanley (in

prep.) found +ha+ gonad indices> K (K = gonad weight * lO^/salmon LCF

(cm) raised +o the power 3.05), of older 4+ and 5+ fish? never rose

above 1.0 during the year. During the spawning season in Wes+em

Australia? Indices ranged from 1.0 +o 15.0.

Tes+icular and ovarlan development of salmon above 49.0 cm LCF is

shown in Figures (11.1) and (11.2); where K is plotted by mon+h. l+

can be seen +ha+; during March; bo+h males and females were found +o

have high gonad Indices of 1.2 +o 6.9. These Individuals were large

fish» from 57.0 +o 59.0 cm LCF, from a single school of 22 tonnes

caught a+ Berry Bay, southern Yorke Peninsula, on 21/3/85. Of 89

fish tagged from this school, no fish were recaptured in the W.A.

salmon season of 1985. lndeed> all recaptures for the first year of

release were local ised +o the Berry Bay area (see Section 9.1.2).

These fish were reported by cap+ors +o be in a lean condition, and

may have spawned or resorbed the gonads. Al+ema+ivel y» local

recaptures may have been comprised of salmon wi+h low gonad Indices

a+ release; as there was considerable variation between the indices

of individual fish in the sample examined. In +he second and third

seasons following tagging* salmon released a+ Berry Bay were

recaptured In the W.A. fishery.
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Table (10.5). Flight zones ranked by average tonnage stgh+ed,

FLIGHT

FROM

10 KINCS10H
9 CP GRHIHERUHE
38 PI FOULER
27 PI DRUftlOHD
29 PI UEYLffflD
26 m GREEHLY
B CP DU COUDEIC
28 ELLISION
W Pl BROUH
22 CP IOURHEFOR'
32 PI UESTRLL
21 PT RUOID
33 CP BRUER
1 MURRRY NOU1H
6 SIOKES BRY
2 CRPE JERUIS
30 PI LfiBflII
7 CP BOMB
35 CP O'ESTREES
23 CP CftRHOT
21 CP BLRHCHE
3 CP UILLOUGHBY
1 H06 BRY
5 MRR5DEH FT
19 Pl BOLINGGIiO
13 UE51 CflPE
16 SIR JOSEPH B
20 BOS10N PI
36 ROCKV Pl
37 FT SINCLRIR
15 CORHY POIHT
11 DRLY HERD
10 EOIIHBUR6H
25 Pl UHIDBEY
11 PI HOOROUIE
17 THISILE ISLt
21 CP OOHIKGW
18 PDR1 HEILL
12 STENHOU5E Bf

PflIH

10

HURRBY HOUTH
CRPE UILLOUKHBY
CRPE RDIEU
ELLISTON
POINT LRBHTT
POINT CRUtWOHD
CRPE GflNIHERUHE
POIN1 UEYLRND
CRPE D'ESTREES

[ CRPE CRRNOT
CRPE BflUER
POIN1 DHIDBEY
POINT 8ROUH
CRPE JERUIS
CRPE BORDR
Pl NORSLUN6R REEF
CRPE BLRNCDE
CRPE DU COUDEIC

. ROCKY POINT
POIHI RUOIO
POIN1 UESIflLL
HOG BRV
HRRSDEN POIHI
S10KES BRY

KE BOS10H POINT
DRLY HERB

m GROUP
cnpE oonmon
POIH1 SINCLflIfi
POim FOULER
POINI TURIOM
CORNY POIHI
POR1 MOOROUIC
tlOUHI 6REEHLY
SIENHOUSE BRY

IHD
I CflPE 10URHEFORI

POIHI BOLIHBBROKE
1Y UE5T CRPE

FLICHIS

SIGH1ED

1
10

1
8
6

11
3

10
10
10
21
15
7
1
3
1
6
5
2

16
11

3
5
1
1

10
1
7
1
1
5
5
5
3
2
1
0
0
0

RUERR6E

SIGHTED

1100
311
203
111
139
129
123
120
116
105
91
91
93
90
8?
75
66
55
50
18
15
45
38
31
25
25
23
22
20
20
15
11
11
11
10

1
0
0
0

N

5
35

2
19
11
GZ
9

20
16
15
59
28
16

5
1
9
7

12
1

21
16

6
10

7
1

18
1

10
2
3
7
5
5
3
2
1
0
0
0
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Table (10.6). Flight zones ranked by average size of
schools sighted.

ndlviduals in

FLIGHT PATH FISH

FROM

37 PT SINCLAIR
3B ROCKY PT
22 CP TOURNEFORT
9 CP GANTHEAUME
32 PT UESTALL
34 PT BROWN
7 CP BORDA
28 ELLI5TON
38 PT FOULER
26 MT 6REENLY
23 CP CARNOT
27 PT DRUMNOND
10 EDITHBURGH
1 MURRAY MOUTH
16 SIR JOSEPH BANK
24 PT AUOID
8 CP DU COUDEIC
13 WEST CAPE
5 MARSDEN PT
11 PT MOOROUIE
29 PT UEYLAND
20 BOSTON PT
33 CP BAUER
35 CP D'ESTREES
30 PT LABATT
2 CAPE JERUIS
4 HOG BAY
31 CP BLANCHE
6 STOKES BAY
15 CORNY POINT
14 DALY HEAD
3 CP UILLOU6HBY
17 THISTLE ISLAND
25 PT UHIDBEY
21 CP DONIN6TON
40 KINGSTON
18 PORT NEILL
19 PT BOLINGBROKE
12 5TENHOU5E BAY

TO LT

POINT FOULER
POINT SINCLAIR
CAPE CARNOT
CAPE UILLOU6HBY
CAPE BAUER
CAPE D'ESTREES
CAPE DU COUDEIC
POINT UEYLAND
CAPE ADIEU
POINT DRUMMOND
POINT AUOID
ELLISTON
PORT MOOROUIE
CAPE JERriS

'. GROUP

POINT UHIDBEY
CAPE 6ANTHEAUME
DALY HEAD
STOKES BAY
5TENHOUSE BAY
POINT LABATT
CAPE DONIN6TON
POINT BROUN
ROCKY POINT
CAPE BLANCHE
PT NOARLUN6A REEF
MARSDEN POINT
POINT WE5TALL
CAPE BORDA
POINT TURTON
CORNY POINT
HOG BAY

MOUNT GREENLY
CAPE TOURNEFORT
MURRAY MOUTH
POINT BOLIN6BROKE
BOSTON POINT
UEST CAPE

SIZE

3

0
0
0

1
0
1
0
1
0
8
0
0
0
0
0
2
1
3
I
0
0
0
5
2
0
7
B
1
0
5
0
3
0
1
0 •

0
0
0
0

3-7

0
0
3

5
14

1
"t

3
1

22
9

11
4
5
2

15
4
7
4
1
2
g
5
1
2
1
2
4
4
^

5
1
1
1
0
0
0
0
0

POUNDS

GT 7

3
'-I

10
23
,-);->

13
10
13

1
21
12

B
0
0
7

3
0
4
2

1
4
0
5
0
2
1
1
B
0
0
0
0
0
0
0
0
0
0
0

UNKNOUN

0
0
X̂-

E
13

-1

1
4
0

11
7
4
1
0
)
6
4
7
'"1

1
9
5
8
1
7

1
3

17
3
3
8
5
5

11
5
B
2
0
'""!
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1+ Is possible +ha+ salmon from the Berry Bay school spawned in Sou+h

Australia. However, there is no evidence +ha+ such spawning is

successful in this S+a+e. MacDonald (WFRC 9) failed +o de+ec+

gene+ic evidence of more than one breeding population; and Jones

(pers.comm.) has recorded a single peak only of juvenile recrui+ment

___^^^^^^—.—.—^^^^^^^^

Without more supporting da+a> the finding of females in an advanced

s+a+e of reproductive ma+url+y a+ Berry Bay is not considered

significant +o the dynamics of the population as a whole.

12.1 DIET

Allegations have been made by several fishermen +ha+ the presence of

salmon schools in sheltered areas produces a local decline in the

abundance of King George whi+ing (S!Ilaginodes punc+a+a). The

results of s+omach con+en+ analyses? carried out on salmon caught

+hroughou+ their range In South Australia? are shown in Figure

(12.1). Most s+omachs were emp+y, as schools were netted in a

"res+ing-up" s+a+e between feeding bou+s offshore. Clupeid fish

predominated, by Incidence, in s+omach con+en+s; particularly the

pilchard> Sardinops neopilchardus. Of secondary occurrence were

tommy ruff (Arripis georglanus)» chow (Trachurus sp.)> garfish

(Hyporhamphus melanochir) and squid (Seplo+eu+his aus+ralis). Walker

(WFRC 7) found +ha+ pilchards predomina+ed in s+anach con+en+s of

migrating adul+s In Western Australia; and i+ is considered +ha+

school.Ing clupelds are the major prey of the wes+em sub-species of

Australian salmon. Personal observations have shown +ha+ salmon

rapidly pursue such prey* and engulf them whole. No King George

Whi+Ing were found in s+omach con+en+s; al+hough small salmon from

Coffin Bay have been netted wi+h juvenile whi+lng pro+ruding from

their mou+hs. Jones (pers.ccmm.) recorded juvenile sand whi+ing

(SIIIago bassensis) in the s+cmachs of sane 1+ salmon caught around

the Sir Joseph Banks group of islands.

1+ is concluded +ha+ salmon do prey on several species of whi+ing In

sane areas; however* the major prey i+em o-f the adult and sub-adult

salmon is the pllchard. Pilchards may be found from Just offshore

from habi+ual salmon schooling areas; +o many kilometres offshore

from them.
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Figure (11.1) Gonad indices, K, of male Australian salmon in S.A.»

plotted by mon+h.
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Figure (11.2). Gonad indices, K< of female Australian salmon in S.A.»

plotted by mon+h.
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STOMACH CONTENTS OF AUSTRALIAN SALMON
FISH COLLECTED 1984-1987, S.A. WATERS

By Incidence In Stomachs
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13.1 DISCUSSION

This s+udy has addressed four major objectives in an a++anp+ +o

determine the fa+e of older age groups of salmon in South Australian

waters; wi+h a view +o providing addi+ional biological informa+ion

for management of the resource on an Aus+ral ia-wide basis.

The da+a obtained were limited by time and funds available; and the

lack of fishing ac+lvl+y in the Sou+h-Eas+, and far wes+> of the

S+a+e. Wi+hin these limits* and the qualIfica+ions applied in this

repor+> certain theories can be proposed from the results. These are

applied here in the context of management of the entire fishery for

salmon.

There was no evidence +o support the existence of a large proportion

of sen!Ie, non-spawnlng salmon in the fished area of this S+a+e.

Tagged adul+s recruited in+o the Western Australian fishery in +he

highest numbers ye+ recorded. This movement of tagged fish was

es+ima+ed +o represent rates of migration of 20-60 percent of adul+s,

af+er rates of natural and fishing mortal i+y were allowed for. This

high level may be, partially* an artifact of the tagging programme;

large fish were tagged from schools already on migration. Migration

is connected wi+h ra+es of grow+h; fas+er-growlng fish migrate a+ a

younger age than slower-growtng salmon (Stanley, WFRC 1). In the

current s+udy, salmon rarely migrated a+ an age of 3+; most commonly

a+ 4+< 5+ and 6+ years of age. As a corollary of Stanley's (WFRC 1)

findings, i+ could be proposed +ha+ West Coast (of S.A.) salmon

migrate a+ an earlier age; and In greater numbers, than those in

eastern nursery areas. Tag recoveries were not complete, and this

hypothesis cannot be examined until younger fish reach full

representation in the Wes+em Australian fishery.

Large numbers of large salmon occur In Sou+h Australia during the

spawning season. These are not sent Ie s+ock, but, salmon which have

postponed migra+ion. This pos+ponement may be due +o slow rates of

grow+h; or In the case of tagged fish, behavioral changes resulting

from disturbance (Stanley, 1980b, 1983). The current s+udy has

shown^ also* +ha+ sane salmon "drop ou+" of the migra+lon +o Wes+em

Australia. These fish were "smalIer-at-age" than o+her school
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members which did migrate in the season of release. For scme time

after release, these salmon were not recrui+ed in+o either the Sou+h

Australian or Western Australian fisheries. They may have; (1)

remained in the vlcinl+y of the tagging location; (2) reached the

Esperance assembly area* but postponed further migration; or (3)

-moved-eas+wards -and-ou+ of-+he-S^^—-j-g-g-pg-j-yp^g

provided support for each hypothesis.

The lack of Sou+h Australian recaptures* between tagging loca+ion and

Western Australia recapture sl+es, may reflect the rapldl+y of

migration or lack of fishing effort. The lack of movement between

fishing areas reflects the sl+e-speclficl+y of older age groups*

un+il migration occurs.

For management purposes* the dtfferent fishing areas can be

considered +o be largely Independent uni+s when examining the purse-

seine fishery. There was limited movement of tagged fish between

Kangaroo Islands and the southern tips of Eyre; Yorke and Fleurieu

Peninsulas; but no movement eastward of fish tagged on the West

Coast. There was no evidence of a gradual shift west-ward as salmon

aged; fish of all tagged age groups showed remarkable si+e-

speclficl+y, for periods of up +o one year* and recaptures of tagged

•f Ish were generally locali sed wi+hin fIshing areas.

There was no evidence of seasonal differences in local movement

wi+hin and between fishing areas; however» only the mos+ pronounced

patterns would have been apparent from tagging results, as they could

not be weighted for differences In fishing effort.

Stanley (1979) sunmarlsed the movemen+s of differen+ age groups in

Sou+h Australia* and suggested +ha+ a portion of the popula+ion may

move +o the Sou+h-East; and migrate from there a+ older ages* or not

a+ alI. He recorded few recoveries In Western Australia of the large

numbers of 1+ fish tagged a+ Tickera, Kangaroo Island and Cape

Jervis. Movement eastwards occurred during the current s+udy from

Kangaroo Island; only as far east as Kingston. The significance of

such movement Is unknown.

Older age groups were exploited mainly in the purse-seine and

recreational fisheries tn Sou+h Australia; but also by the use of
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beach-setnes and mesh-ne+s a+ some locations. The ca+ch of salmon by

anglers during the s+udy period was considered +o be highly

significant; probably in the order of hundreds of tonnes. Over 30

percent of tags recovered in South Australia were re+umed by

anglers. The purse-selne ca+ch was reduced* in comparison +o earlier

periods> by adverse wea+her and the monopolislng of ca+ch quo+a.

No+ably/ the proportion of 1+ salmon In the ca+ch had declined. The

s+udy was not of sufficient duration* and the ca+ch was not s+able

enough/ +o determine the relevance +o recrul+ment pat+erns of

"missing" leng+h groups in 1984/85.

Despi+e the lower level of South Australian ca+ch> +ag recoveries

have increased from 21%, In 1975-78, +o 32%, In 1984-87. Increased

exploi+a+ion of salmon schools by Sou+h Australian anglers may have

caused this rise; as tag recoveries by anglers doubled from 16% +o

30% during the same period, in Sou+h Australia.

The Western Australian fishery for salmon has been characterised by

fluc+ua+ing levels of recrul+ment and, hence, ca+ch. Similar

fluc+ua+Ions in ca+ch have occurred in South Australia since the

In+roduc+Ion of purse-sei ners but these were caused partially by

variations !n effort and wea+her; ca+ch did not direc+ly represent

abundance in this S+a+e. For this reason, and the lack of s+abili+y

in the purse-seine fishery, there is no informa+ion on variability In

recrul+ment +o South Australia.

All studies undertaken in this S+a+e indicate +ha+ western salmon

have a relatively high level of natural mortali+y> an old age a+

first spawning and a young age a+ first capture. These combined

factors make this sub-specles particularly vulnerable +o over-

exploi+a+ion.

This vulnerability Is heightened by the schooling nature of the sub-

species, dark and Mangel (1979) hypo+hesised +ha+ surface schooling

species are more susceptible +o fishing effort than non-school ing

species^ and indicators of abundance, such as ca+ch and ca+ch-per-

unl+-effor+, are not reliable when the "intrinsic schooling ra+e is

greater than the in+rlnslc (popula+Ion) growth ra+e". Simply, salmon

will continue +o form schools despl+e dras+ic declines In +o+al

population size. These schools can s+ill be fished a+ an economic
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gain un+il> theore+ically» the last school Is caught. Thus> severe

depletion could occur in the salmon fishery before indications of

such a sl+ua+ion were evident from ca+ch and CRJE da+a. This

"dynamic aggregation process" may be further aggravated when purse-

selne vessels are assisted by spo+ter alrcra-f+> which grea+ly reduce

searching time (Nelson and Ahrenholz> 1986).

]+ is clear +ha+< a+ any one point in +Ime> the South Australian

salmon population occurs in inshore schools, and as groups or

Individuals, either offshore or inshore. Successful purse-seine

operations usually take en+tre schools; ye+ schools of similar leng+h

composi+ion form quickly a+ the fishing location. Presunably these

fish were feeding offshore? or travelling between schools» a+ the

time of the opera+ion. Thus, the purse-seine fishery can repea+edty

take fish from the same location* wi+hln a season; as well as during

subsequent seasons. This behaviour caused "type C" errors in

es+ima+ion of mortali+y ra+es from the tagging programme* and

represents the action of a dynamic aggregation process.

Es+Ima+es of ra+es of mortalI+y were not precise; but were found +o

be similar +o those of earlier s+udles In this S+a+e when tag loss

was allowed for (F = 0.2 - 0.3, M = 0.5 - 0.6). This supports +he

suggestion of a rise In explol+a+ion of Sou+h Australian salmon

schools* indicated by the Increased recovery of tags.

Yield-per-recruit analyses suggested +ha+> a+ the prwalling levels

of ca+ch> the Sou+h Australian popula+ion was no+ being fished a+ i+s

capacity during the s+udy period. However, the model used was a

de+ermlnis+Ic one> and did not take account of; (1) the high age a+

first spawning; (2) the Wes+em Australian fishery for adul+s; (3)

the po+en+lal for variabiii+y in recrui+men+; and (4) the dynamic

aggregation process. These factors compound the problem of

es+ima+Ing +o+al allowable ca+ch In the salmon fishery of Sou+h

Aus+rali a.

The imposition of a ca+ch quo+a is most suitable for management of

the Sou+h Australian fishery; effort cannot be measured easily and

cos+-effec+ively> and» therefore* cannot be regula+ed. Preliminary

yiel d-per-recrult analyses? under res+ric+ive assump+ions, suggested

+ha+ ra+es of fishing mortal i+y could be raised +o about twice those
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es+ima+ed during the current; +ha+ is> from F = 0.2 +o F = C.4. In

real terms, this represents a sensitive adjus+men+ in F; and there

was insufficient da+a +o es+ima+e the level by which ca+ch should be

raised +o bring about this adjus+men+. The relationship between

ca+ch and rates of fishing mortal I+y may not be linear.

The relationship of Sou+h Australian recrui+s +o the Wes+em

Australian fishery may be more Impor+ant than previously proposed.

During 1987» a ca+ch level of \,877 tonnes on the sou+h coast of

Wes+em Australia was strongly* positively correlated wi+h the daily

recrui+ment of tagged fish from Sou+h Australia; bo+h before and

af+er the threshold of differing ca+ch s+ruc+ure. Previously,

Stanley (WFRC 1) had concluded +ha+ ca+ches below 1»000 tonnes were

significantly correlated wi+h the daily entry of South Australian

tagged fish af+er March 13; but those above 1>300 tonnes were

correlated wi+h the arrival of Esperance tagged fish» before March

13. Based on these findings* i+ was es+imated +ha+ Sou+h Australia

provides a "background" level of recrul+ment of 1^000 tonnes each

year +o the Western Australian fishery. Recrui+ment was much higher

in 1987 than this level; but I+s magnitude could not be es+Ima+ed in

the absence of da+a on the en+ry of Esperance salmon.

Significant spawning occurs only In Western Australia? and Sou+h

Australia provides the bulk of spawners? in years of low recrui+ment

from the wes+em BIgh+ area. Examination of his+crical da+a shows

+ha+ recrui+ment in Wes+em Australia has fluc+ua+ed; and the high

levels of ca+ch recorded In 1968 and 1984 may have been abnormal.

Consequently, South Australia must be considered as the most

impor+ant source of spawning s+ock. 1+ would be naive +o assune +ha+

there Is no variability In levels of recrui+ment +o Sou+h Australia

and migration from Sou+h Australia. Juveniles are transpor+ed long

distances by a current system* which is known +o vary in timing and

extent. There Is a pauci+y of da+a on these processes of recrul+ment

and migration.

Therefore* the South Australian fishery cannot be managed in

isolation +o +ha+ of Western Australia, and the spawning s+ock as a

whole. The effects on the spawning stock of raising Sou+h Australian

ca+ch were not predicted In the current study; but may be es+Ima+ed

by s+ochas+ic modelling. A fishery, of some form, should be
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maintained In Wes+em Australia +o harvest fish which would otherwise

die af+er spawning, due +o the high levels of natural mortal I+y of

adul+s. A+ the same time, a sufficient level of spawning biomass

must be maintained. From the his+ory of ca+ch in Western Australia;

S+anley (WFRC 1) suggested +ha+> if the seasonal ca+ch there drops

below 700-800 tonnes* spawning po+en+ial may be Impaired.

If the South Australian ca+ch was raised? In the long-+erm> +o allow

for escapement of only sufficient spawners> the Western Australian

fishery would have +o be converted +o a post-spawning> back-run

fishery in years of low recrul+ment from the western BIgh+; and ca+ch

would fluc+ua+e more widely* around a lowered mean level. 1+ is

doub+ful whether such a level could support the present processing

infras+ruc+ure, and there is clear evidence +ha+ back-run fish are

less-ca+chable than front-run fish. In addition, con+inuous research

would be necessary* +o predict recrui+ment levels from the area east

of Esperance, and from Sou+h Australia.

In the absence of information on the relationships between spawners

and recrui+men+> and yield and recrul+men+y the fishery must be

managed conserva+ively, and by examining his+orical da+a. The

fishery^ as a whole* has wi+hs+ood a level of ca+ch of 1900 tonnes in

South Australia; however* there Is no reason not +o believe +ha+

recrui+men+, and abundance> In Sou+h Australia was abnormally high a+

+ha+ time.

As an in+enm measure> the quo+a for commercial ca+ch should not be

raised above the present level of 1,000 tonnes. The popula+ion size

along the exposed coast was es+ima+ed a+ 3»600 - 6,200 tonnes; a low

figure in relation +o the ca+ch quota.

If the management aim is +o a++ain the annual quo+a> but not exceed

I+> then there must be close moni+oring of the ca+ches and ac+ivi+y

wl+hin each sector of the commercial fishery; the purse-selne

fishery; the beach-seine fishery; the general marine scale fishery;

the rock-lobs+er fishery; and the recreational fishery. Although the

legislation regarding quotas was introduced in 1981, there Is no

active moni+orlng programme +o accompany i+. Thus, individual

quo+as, and the aggregate quo+a> could be exceeded; and management

would not be aware of the si+ua+ion un+iI ca+ches are tallied a+ the
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end of the financial year. To avoid this scenario, and prevent mls-

reporting of ca+ches, a ca+ch-and-disposal recording sys+em (CDR)

could be Introduced. Such a system allows for immedie+e

determination of the origin and fa+e of ca+ches in transit from

cap+or +o processor; and has been used successfully In the fisheries

for bluefin +una> and for abalone In the wes+em zone. In the salmon

fishery* a ca+ch-and-disposaI recording sys+em could be easily

applied +o all canmerclal fishers v/ho ca+ch more than 10 tonnes of

salmon per year> regardless of method. This group of fishers is

small in number and could be readily identified frcm his+orical da+a.

Historically* some problems have occurred In the sharing of the

resource between ccmmerclal operators. This is not a biological

problem; but Is addressed here< as small changes in access

regulations may improve the probability +ha+ the quo+a Is properly

u+iIIsed.

Firstly; full-time spec!at isa+ion In the purse-seine fishery is +o be

encouraged. Such fishing uni+s have the time, expertise and

incentive +o use their quo+a. Par+-+ime operators res+rlc+ed their

ac+lvl+les +o a few months before the tuna season, and did not fish

a+ all during one year of the s+udy. If the management aim is +o

a+tain the quo+a> then arrangements must be made for transfer of the

unused quo+a; especially In years when par+-+tme quo+a holders do not

intend +o fish for salmon. Allowance could be made for these quo+a

holders +o lease their quo+a, on an annual basis. If there is a

continued lack of interest, then access +o the special quota should

be reviewed. Appropriate legislation has been introduced +o prevent

the quota being exceeded; ye+ no consi dera+ion has been given +o

under-fishIng of the quo+a. Irrespective of salmon abundance> the

purse-seine ca+ch will fluc+ua+e because of adversl+y of prevailing

wea+her conditions; the probabMI+y of under-fishing approaches +ha+

of overflshlng. Al+erna+ively, the management aim may be only +o

prevent ca+ch exceeding the quo+a.

There was no evidence from +he s+udy +ha+ access +o the resource

should be Increased for licensees in the marine scale fishery? the

rock lobs+er fishery, the beach-selne fishery and anglers.

Beach-seine operators on the Sou+h-Cen+ral coast and on the nor+hern
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coast of Kangaroo Island supply the bulk of the limt+ed fresh -fish

market. Some of these operators have formed teams of two licensees;

each holding a netting endorsement* and? +hus> having an upper limit

on ca+ch of 20 tonnes. As a unl+> this has al lowed than +o take 40

tonnes of salmon annually. During the s+udy the potent I a I for annual

ca+ch was 120 tonnes by these unl+s. Unu^^^^^^^^^^^quota—c*o'utd —be—

transferred +o this sector of the fishery during a season.

During the s+udy period? the special purse-selne quo+a was assigned

+o four vessels* but was fished by two vessels; one par+-+ime and one

full-time. The boa+s were based a+ Port Lincoln and Yorke Peninsula,

but fished from Kangaroo Island in the east +o S+reaky Bay in the

west. If a third, or four+h» vessel is employed +o fish the special

quo+a* res+ric+ions should be applied +o i+s area of operations.

Aerial survey, and examination of ca+ch curves, showed +ha+ the West

Coas+» sou+h-coast of Kangaroo Island? and Sou+h~Eas+ of the S+a+e

were the only areas Inhabited by large tonnages of salmon which were

not heavily exploited; in comparison +o other areas. Conversely,

Yorke Peninsula was inhabited by few schools> but levels of

commercial and» especially* ama+eur exploi+a+ion were rela+ively

high. The West Coast and Yorke Peninsula were considered +o be the

most significant areas of angling ac+Ivl+y wi+hin the commercially

f i shed area.

Consequently, I+ is recommended +ha+ addi+lonal vessels should be

res+Nc+ed +o fish In areas west of West Point, (35°0.3'S 135°56.5'E)

on the West Coast, and east of the Murray Mou+h> in the South-East.

This would prevent significant compe+i+ion between vessels. However,

Stanley (Depar+ment File 13/36) suggested +ha+ the wes+em coas+line

of Sou+h Australia, from Coffin Bay westward* is the mos+ impor+an+

source of fish which move +o Western Australia. He predicted +ha+

ca+ches above 100 tonnes from this area should have an affect on

recrul+ment +o the Western Australian fishery. Since 1982/83> when

the ca+ch there was 607 tonnes (Jones» 1983b)> the West Coas+ has

produced high catches* wi+h no obvious effects on the Western

Aus+rallan ca+ch.

There is a need for review of the minimum legal leng+h a+ first

capture (LM.) of salmon under the Fisheries Act. Yi el d-per-recruit

analyses undertaken In this s+udy were not of sufficient precision +o
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predict a Ieng+h-a+-first-cap+ure In South Australia +ha+ would act

+o; (a) maximise biomass-per-recruit; and/ (b) maximise escapement of

spawners +o Western Australia. Wt+hou+ any consideration of leng+h-

a+-f i rst-spawni ng> preliminary analyses suggested +ha+ an average

I eng+h-at-first-cap+ure of 31cm LCF maximised biomass-per-recrui+.

During the s+udy periods the entire purse-selne ca+ch comprised

salmon greater than this length? and the marine scale fishery

comprised significant numbers of fish below this length.

Raising LML +o 31cm LCF would, therfore, have t+s greatest ef •feet

upon the recreational fishery and the marine scale fishery;

particularly beach-selne operators on the Sou+h-Cen+ral coas+.

13.2 SUMMARY OF RECOMMENDED MANAGEMENT MEASURES APPLICABLE TO THE_S^mH

AUSTRALIAN FISHERY

1. The quo+a for commercial ca+ch should not be raised above i+s

present level of 1,000 tonnes; which makes allowance for access

+o the resource by purse-selne operators (800 tonnes) and

licensees in the marine scale* and rock lobs+er, fisheries (200

tonnes).

2. A ca+ch-and-dlsposal recording system (CDR) should be applied

+o the few ccmmercial fishers who ca+ch more than 10 tonnes of

salmon annually; and their ca+ches should be monl+ored closely.

3. Re-dls+rlbu+ion of the special (purse-seine) quo+a should be

accompanied by res+ric+iorh on vessels; of area of operation +o

locations west of West Point and east of the Murray Mou+h.

4. High levels of exp Ioi+a+ion, by anglers and purse-seine

operators, around southern Yorke Peninsula are cause for

concern. In view of the low levels of abundance there and the

popularity of the area for anglIng purposes. There should be

no Increased access +o the area by purse-seine vessels, apart

from the single vessel based there. Areas closed +o netting

there already pro+ect the most significant angling loca+ions.

5. There Is a need for revision of leng+h-at-firs+ capture in the

purse-selne fishery; yleld-per-recruit analyses suggest +ha+
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the exploi+a+ion of smaller salmon approximates the +heore+ical

level a+ which biomass is maximised, but there was no

consideration of the level a+ which escapement of spawners Is

max!mlsed.

6. The ama+eur ca+ch was highly significant. In the order of

hundreds of tonnes annually< and has Increased In the past

decade. Bag liml+s on ama+eur ca+ch should be considered If

the canmercial ca+ch quo+a Is raised; and If expl ol+a+ion by

anglers continues +o Increase. However, ca+ch rates were

generally low* and accurate figures on ama+eur ca+ch are

Iacklng.

7. Revision of quo+a awai+s development of predic+lve produc+Ion

models; in the interim* management must be conserva+ive.

13.3 RECOMMENDATIONS FOR FUTURE RESEARCH

1. The tagging programme is incomplete. Future tag re+ums must

be analysed +o inves+iga+e the extent of migration +o Western

Australia of the 1+, 2+ and 3+ age groups tagged in different

fishing areas of South Australia.

2. Complete results of past and present tagging operations must be

re-analysed> using the technique of Hearn; Sandland and Hamp+on

(1987), +o ob+aln revised es+ima+es of M and F.

3. Wes+em salmon have been the subject of inves+iga+ion since

1950's. A large da+a base has been accumulated on the biology?

exploi+a+ion and recml+ment of the sub-species during periods

of high and low abundance. A s+ochas+ic production model of

the entire fishery, syn+hesising all available da+a> could be

developed. This would aim +o etucida+e the relationships

be+ween spawners and recrui+ment and yield and recrui+ment.

Such a mode] would best be built and manipulated by suitably

qualified personnel a+ a series of workshops* similar +o the

approach taken by, say* the Sou+hern Shark Task Force.

4. A prlorl+y of such workshops should be +o ascertain critical

levels of spawning biomass* and methods of pro+ec+Ing them. As
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a result, a meaningful quota for South Australian ca+ch could

be es+ima+ed; as a range of values applicable to various levels

of recrul+ment and abundance. By this method also, the legal

minimum length a+ first capture should be reviewed.

5. The ama+eur fishery was highly significant during the s+udy

perlod» but accurate figures on ca+ch and effort are lacking.

High priority should be given +o the de+ermination of annual

landings In this sector of the fishery.

6. Local reccmmenda+Ions for research in Wes+em Australia were

outlined In the Workshop on Australian Salmon, held a+ Wa+erman

In 1981. l+ Is recommended here +ha+ the collec+ion of

hydrological da+a Is continued; for +es+lng of the predlc+ive

correlation between salinl+y In the spawning area and Western

Australian ca+ch four years la+er. The results of monl+oring

of leng+h and age composi+ions of ca+ches made In Western

Australia must be wrl++en-up> especially for the period 1984-

87» +o enable full analysis of present tagging results.

7. In addition; recrui+ment of 0+ fish should be quantified on an

annual basis in nursery areas in Sou+h Australia, and in the

western Bight - Esperance area. The scale a+ which recrul+ment

should be measured could be assessed by analysing the

correlation between recrul+ment levels a+ different si+es,

wi+hln years. Jones (pers.comm.) has obtained da+a on

recml+ment for five years a+ the Port Adelaide River es+uary,

by the use of small-mesh beach seines, although the salmon were

caught as by-ca+ch only.

8. LI+tle informa+Ion Is presently ob+ained on purse-seine

ac+lvl+les from the GARFIS da+a base. 1+ is s+rongly

recommended +ha+; (1) ca+ch and effort re+ums are comple+ed on

a daily, ra+her than mon+hly» basis; and> (2) salmon spo+ters

supply S.A.D.F. wi+h aerial survey logbooks detailing the

position, and +onnage< of schools sighted during all flights.

A recommended spotting log is enclosed as Appendix (4.2).

Aerial survey da+a will provide monthly indices of abundance In

the fished area. Logbooks should be designed jointly by
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spo+ters and research staff. Maintenance of the records may

have +o be Imposed as a licence condition, similar +o GARFIS

requi remen+s.

9. A monitoring scheme and CDR sys+an should be developed +o

__g^^-jy

fishing the special and general quotas; especially the beach-

seine operators on the Sou+h-Cen+ral coast, and those in the

rock-lobs+er fishery.

10. The size and age compositions of commercial ca+ches made in the

Sou+h-East of the S+a+e should be mont+ored.
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Appendix (1.1). Location of all Sou+h Australian place names used In the
report. See Map

LOCATION NAMES DETAILED ON MAP

WEST COAST

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Scott's Bay

Point Sinclair

Point Dillon

Eba Island

Cape Bauer

Back Beach

High Cliff

Sceales Bay

Salmon Bend

Baird's Bay

Silicon Beach

Mad Mile Point

Venus Bay

Anxious Bay

Lock's Well

Sheringa Beach

Mount Greenly

Coffin Bay

Almonta Beach

EYRE PENINSULA

20. Bicker's Island

21. Fanny Point

22. Boston Island

23. Boston Point

24. Louth Bay

25. Thistle Island

26. Sir Joseph Banks Islands

YORKE PENINSULA

27. Wallaroo

28. Point Turton

29. Corny Point

30. Berry Bay

31. Brown's Beach

32. Hillock Point

33. Troubridge Point

34. Wattle Bay

35. Warooka

36. Ardrossan

KANGAROO ISLAND

37. Stokes Bay

38. Smith's Bay

39. Cape D'Estaing

40. Whittle Bay

41. Emu Bay

42. Point Marsden

43. Ballast Head

44. Hog Bay

45. Cape Coutts

46. Antechamber Bay

47. D'Estree Bay

SOUTH-CENTRAJ. COAST

48. Outer Harbour

49. Glenelg

50. Port Noarlunga

51. Port Wllunga

52. Rapid Bay

53. Rapid Head

54. Blowhole Creek

55. Parson's Beach

56. Waitpinga Beach

57. Seal Rocks

58. Victor Harbour

59. Port Elliot

SOUTH-EAST COAST

60. Murrav Mouth

61. Salt Creek Beach
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Appendix (1.2). An example of theGARFIS ca+ch and effort form
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Appendix (4.1) A.A.A. club survey sheet

SOUTH AUSTRALIAN DEPARTMENT OF FISHERIES
G.P.O. Box 1625, Adelaide, South Australia 5001

135 Pirie-Stree^^^^^^^^^^^^——

Contact: Michael Cappo, Research Officer, Australian Salmons:' ieii"7iiTisr" proPhone : (08) 227 1748

AUSTRALIAN ANGLERS' ASSOCIATION (SA DIVISION) CATCH
AND EFFORT LOG SHEETS TO BE COMPLETED FOR ALTSALTWATER EVENTS

CLUB NAME

DATE AND TIME OF EVENT START FINISH

VENUE

STRETCH OF COASTLINE
COVERED

FROM TO

TYPE OF FISHING •' PIER ROCK BEACH ESTUARY BOAT

DATE OF WEIGH-IN TIME OF WEIGH-IN

NUMBER OF ANGLERS ATTENDING VENUE

AVERAGE NUMBER OF HOURS FISHED BY EACH ANGLER

NUMBER OF ANGLERS WEIGHING IN CATCHES

LARGEST NUMBER OF SALMON WEIGHED IN BY A SINGLE ANGLER

SALMON BAG LIMIT IMPOSED BY CLUB RULES

AUSTRALIAN SALMON
(including "Salmon Trout")

NUMBER OF BAGS
CONTAINING THIS

SPECIES

TOTAL NUMBER
-i5TTH!T
SPECIES

TOTAL WEIGHT
..OF THIS

SPECIES

NAME OF WEIGHMASTER SIGNATURE

PLEASE RECORD SALMON MEASUREMENTS OVERLEAF

/Please Turn Over
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CLUB NAME

DATE

VENUE

MEASURER'S NAME SIGNATURE

MINIMUM SIZE LIMIT IMPOSED BY CLUB RULES

PLEASE MEASURE LENGTH TO CAUDAL FORK TO NEAREST CEHTIMETRE

& Please Indicate

Fish Condition ( V)

Whole

"Neck

Broken'

10
1
2
3
4
5
6
7
8
9

20
1
2
3
4
5
6
7
8
9

30
1
2
3
4
5
6
7
8
9

i<0

1
2
3
T
3

T
T
-a.

:-2-

~w
1

Y-

j"
4
T
T

7
8
9

Jo-

1
T
3

-4~

~s~

6
T
8
9

7o-

1
2
3
4
T
6
7
8
9

80
1
2
3
T
~5~

-e-

T
fi
9
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Appendix (4.2) Aerial survey form used during the s+udy

—•-ijETOmw^^^——

AUSTRALIAN SALMON SERIAL SURVEYS - Soum AUSTOALIA

FLIGHT LOG - To be completed for all spotting flights

PILOT'S NAME

CREW NAMES

DATE

TIME AT TAKE-OFF TIME AT LANDING

LOCATION OF TAKE-OFF LOCATION OF LANDING

TOTAL DURATION OF FLIGHT
(Excluding stops for refuelling)

TOTAL DURATION OF SEARCH

Hours Minutes

Hours Minutes

AVERAGE GROUND SPEED DURING SEARCH

AREAS OF COASTLINE SEARCHED

T^frFRO^ TO

SIGNATURE OF SPOTTER



AUSTCALIAN SALX3N AEfil&l_SLE?YS__ - Saim /^JSTRALIA

SCHOOL SIGHT INGS -

To be completed for each school sighted.

INDICATE whether

-School Size 1n Tons or Tonnes

-F1sh Size In Pounds or KHograms

SCHOOL ACTIVITY KEY

Feeding School

Tight School

Moving School

Dispersed School

USE

APPROXIMATE LOCATION
-OF-SCRUU[T

\TED
^%T

ST I MATE D
rarsTTE

SCHOOF
ACTIVITY
JSLKm
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Appendix (5.1) Number of tags recovered In time Intervals of one year, by
tagging operation and release location.

OPHUt! IflGGIHG LOCfiTIOH N11
m

19 CRPE BHUER
1 SCOTT'S BRY

21 POIH1 DILLOH
22 POINT OILLOH
18 HIGH CLIFF
15 SCEfilES BRY
HBRCUEHCH
13 EBft I5LRHD
50 BRCK BEflCH
58 HHXIOU5 BflY
lomniLEPoitn
12 SILICON BEftCH

& SILICON BERCH
18 RHHIOU5 BRY
11 SRLHOH BEND

7 SRLNOH GEHO
8 SRLHOH BEND
9 5RLHOH BEND
5 BRIRO'S 8RY

19 UEHUS BflY
12 BLHONTfl BERCH
^ flLHOHIfi BEHCH
13 RLHONTR BERCH
10 BOSIOtf I5LRHO
39 BOSION POINT

•I FRNHV POINI
3? BICKER'S ISLflHD
38 BICKER'S ISLflHO
17 BICKER'S ISLRND
36 BICKER'S ISLRND
% BOSIOH POIN1
23 CORHY POIH1
35 BERRY BRY
31 POINI mw
27 POINT IURIOH
2e UftTTLE BHY
32 CflPE O'ESIflIHG
21 CRPE D'ESTRING

IBER
i6ED

310
?

61
2

115
3
1

11
61

168
6
1
1

235
5

11
15
12

2
36
37
19
23

6
3

21
3

156
61

1
53
15
89

101
103
56

1
3

YERR5
1

51

5
1

11

1
22
18

7
1
1
1
1

5
3
5
2
1

1
1

51
6

13
1

37
77
87
21

1

fil LIBERIV
2 3

13

3

5

6
21

1

102

1

2
1
2
3

1
3

6
11

15
2
9 2
3

1 3

TOTftL
RECRPS

67
0
8
1

19
0
0
1

28
69

1
0
0

109
1
1
1
2
0
7
7
7
5
1
1
7
1

60
17
0

28
6

18
80
87
25

1
0



159

Appendix (5.1). Continued

15 UHIIILC BRY 51 26 6 32
2G STOKES Bffi' OS 25 10 2 37
52SI1IIH'SBRY 133 •) 2 6
31 CRPE D'ESTRIHG 1 1 1
33 CRPE D'ESIRING 26 19 19
25 SIOKE5 BHY 79 17 10 1 28
51 HOG BRY 83 30 10 10
55 BRLLRS1 HERD 30 3 3 6
29 HRRSOOi POIH1 10 9 9
56 N06 BRY 136 25 16 11
17 HOG BRY 102 8 18 12?
57 HOG BRY 201 39 25 6')
61 H06 BRY 175 0
16 HOG Bfly 186 22 13 2 37
30 HRRSOEH POINI 123 39 1 10
62 BRLLRS1 HERD 96 38 38
51H06BHY 115 27 17 11
53 BBLLRS? HERO 1 0
59 HOG BRY 105 1 14 18
60 HOG BRY 103 0
11 CRPE COUIIS 112 9 2 11
3 D'ESTREE BRY 291 3 1 5
ZO'ESTREEBRY 56 6 8 115
63RflPIDn 105 ?6 76
; 20 SERL ROCKS 7 1 1
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Appendix (6.1) Interview sheet Issued +o persons returning tags

AUCTRALIAN SALMON TAGGING PROGRAWE - INTF-RVIEW ShEEJ

Please tick relevant boxes and complete all blanks.

NA?: _ PHONE:
ADDRESS: POST03DE:

STATUS: FISHERMAN D ANGLER Q
TAG NUMBERS:
SALMON LENGTH(S):

HOW WAS FISH ^EASURED? FORK LENGTH Q TOTAL LENGTH II

CAPTURE DETAILS:

DATE: _ TIME:LOCATION (please give landmarks or detailed description of capture site):

ICTOD OF CAPTURE;

NET FISHING: HAULING ^ET Q MESH NET (I PURSE SEINE Q BEACH SEINE F—]

LINE FISHING: BEACH Q . ROCK C~| BOAT II JETTY C~l

hETHOD: LURE CASTING Q -TROLLING II PILCHARD BAIT D OTtiER BAIT 1T

HOW MANY SALMON WERE CAUGHT NUMBER |_| OR WEIGHT
BY YOU PERSONALLY?

.(Including the tagged individual)

NUMBER OF HOURS FISHED BY YOU PERSONALLY?

WAS A SCHOOL OF SALMON SIGHTED DURING FISHING? YES Q NO II

WHAT WERE YOU FISHING FOR WHEN THE TAGGED FISH WAS CAUGHT?

AVERAGE SIZES OF SALMON IN CATCH CONTAINING TAGGED INDIVIDUAL:

TAG WOUNDS:

W^N WAS THE TAG FIRST NOTICED?

UPON CAPTURE D DURING CLEANING OR FILLETING Q DURING PACKING II

HOW FAR DID THE COLOURED STREAMER PROTRUDE FROM THE BODY WALL?

NOT AT ALL D LESS THAN HALF ITS LENGTH II FULLY II

WAS THE T/V36ING WOUND HEALED? GAPING iI -CLEAR SCAR Q REDDISH SCAR 1I

FISH CONDITION: LEAN AND THIN Q INJURED II ROUND AND HEALTHY II

RFWARD DETAILS:

HOW DID YOU HEAR ABOUT THE TAGGING PROGRAMME?
PREVIOUS

SAW POSTER I| WORD OF MOUTH |I NEWS ARTICLE L_] UNAWARE 1I RECAFTUREQ

CHOICE OF REWARD? T-SHIRT Q T-SHIRT SIZE |_| S5.00 CHEQUE Q

TOANK YOU
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^Sr^A ^r^/c.<cr>y

TAGGED AUSTRALIAN SALMON
PLEASE MEASURE LENGTH TO CAUDAL FORK-

S'c-,^

The length to caudal (tajjj fork is the preferred measurement of salmon
length.

Scales should be taken from the area shown just behind the pectoral
(side) fin.

Ja^ are of either the ^internal" or ^loop"^ type shown.

A yellow plastic streamer protrudes from the belly wall of a salmon
bearing an internal tag.

Please record the tag numbers and return the whole tag.
4-

Thank you for your help and interest.

(Michael Cappo)
RESEARCH OFFICER
(AUSTRALIAN SALMON)
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Appendix (9.1) Tag recaptures a+ Wes+em Australian fishing beaches.

GRID U.A. BEACH NAME
CODE

2 TRIGALOU BEACH
3 DOUBTFUL ISLAND BAY
4 HOUSE BEACH
B BREMER BAY
7 PEPPERMINT BEACH
8 FISHERIES BEACH (EAST)
9 DILLON BAY

10 PALLINGUP
11 BOAT HARBOUR EAST
12 CAPE RICHE
13 CHEYNES BEACH
14 BETTIE5 BEACH
15 TUO PEOPLE BAY
1B NANARUP
17 BONITO BEACH
20 ALBANY
21 GOODE BEACH
22 MUTTON BIRD BEACH
23 TORBAY / COSY CORNER
24 SHELLEY BEACH
25 PARRIES BEACH
26 BOAT HARBOUR UE5T
27 PEACEFUL BAY
28 NORNALUP
29 UINDY HARBOUR
31 CAPE LEEUUIN
32 HAMELIN BAY
3B SMITH'S BEACH
37 CAPE NATURALI5TE
38 BUNKER'S BAY
39 EA6LE BAY
40 MEELUP
44 MANDURAH

0 OTHER and BEACH UNKNOWN

TAGS
RECOUERED

27
14

B
32

->

5
2

18
11
42
9B
37

2
9
?
't
£.

1
B
3
7
7
1
7

12
5
1
1
7
1
4
2
1
1

50


