REFORT ON THE

NOKRFOLE ISLAND DOMESTIC FISHERY

(FIRTA 8149422

By A.G5. CHURCH



CONTENMTE FAGE

L. Introduction 1

2 Early History and Demographic Change o
e The Norftolk Island Government =
4., Fiﬁh‘Fauna of Narfolk Tsland 4
S Bea Floor Topography ]
Lo Higtory of the fishing industry 7
7e The Van FPel Repoet 9

B. The present situwabtion 2

p

9. MAge and Growth 15
P.1 Introduction 175

Y Methods 175

Q.3 Results 15

Y. 4 Discuwssion 119

1. Reproduactlon R0
TOLL Introduction 20
10,2 Methods 22

e

103 Resul e S

T oFeeding Habits 27
LA log Book Information 27
L3 Summary 29
L4 Managemant 0

L5, Future Researoh 32

L&l taratwre Gl led



The Norfolk Island domestic fishery survey was
undertaken by Department of Frimary Industry ODFD) ,Canberra

on behalf of the Norfolk Teland Legislative Assembly.

Research undartaken on Noefollk Tsiand duwring 1981 to 19873

was  fund by the shing Industry e arch Trust Account

(FIRTA 81/749) with contributions from DFL for computing and

NG arch design, amnd the Norfolk ITsland Government o

odiomed acoomoc

tion, branspart and laboratory

focd i ti

The program followed consultation between the

Mo Folk and shimg Olub, the Nortoll I ane Legislative

a in

eémhly, the Department of Territori anc DFIT, Canbery

responss o complaints from local fishermen that £ish
were declining. Local fishermen considered that foreign

sy dn Norfollk Tsland waters had

hirg ves

gdepleted continental shelt demersal £1ish

Intormation is presented here indicating thalt the

i Norfollk 1

decline in i abhuncdance ancl wabters i

normal ponsea o inoe s from the

fishing pre

growing dopestic fishery. Furthermore, it is believed thal

the Norfoll Tsland continental shelf demer

al Fishery is

approaching full exploitation,

A reliable historical information is vietwally

non-escd stent, the cwrrent program was designed to provicde a

haseline for future fisheries management .
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Do EARLY HISTORY AND DEMOGRAFHIC CHANMGE

Gaptain James Cook discovered Norfolk Island on

Patober, 1774 on his s

cord vovage around the world.

atbtlemant was sshtablished on & March, 1788, Al one stage

the swrvival of the settlernent depended upon ocoassional

hawis of Fish, caboching seabirds and ocollecting their eggs

By 1814 the first settlement was abancdoned.

sl penal thlement was in operation fr

Gy whien 194 people from Fitoairn ITsland wers

ated o Norfoll Zsland by the British Government.

Newefol kb Taland wa ancd LY and a

dul y surveyed in 18

grrant of 20 he macde o the head of each

o Ly

By the population had inoreased to 662, an

10

k]

-
e

om

l

Lo appradimately 8O0 by 18946 and then remained failrly static

theowgh to the 1930 °%. The population increased during th

“lrana boom® of the early 1930's with a peak of 1231

The post war yvears until the 19607« included a

ol Tesland reside

yaar pariod when the Noe

o opopulation

cleacl 100G, re 1i72 in 1929% when bthe

sing & pe

L

P [ impetus for mainlander

NMorfollk I

Thes e

iomemi g e Dol growth of e

Industry sinoce the 19&07s, however, has brodght abooat far

o ancl o menr g

e id demographic change than any

G L @ Lherougiount the pre

aeling cantury.

anc Towri s

&2

tan




The Census of Fopulation and Houwsing undertaken an

Nep-follk Teland on 20 June, 19281 gave & total population of

SL7E of whom 1849 were categorized as residents (Including

temporary permit holdersyy 616 of the resident

popul atidon were lie as heing of Fitcairn Descent

(Wad loer , 1983

ALK TOLAND GOVERNMEMNT

The High Cowt of Australia held in the

ation Lo the Tan Ag

IME

sment Act,

CLRERAH-197EY hhat Norfoll

land is a Territory of Augtiralia

arnct went orn to state Ltse eltory

position as such a T

Vi, bhal fTthe Commomnwaal th Parliament has plenary 1aw
maning power in respect of it. Bpecifically, the Jowt

stated thalt by virbtue of §.122 of the Commonweal th

i tution, the Dommons

obh can pa

Taws providing for

the direct

administration of Norfoll Taland by the
Dommeonweal th Government or o oendow bthe Tsland with sepeorates
molitical, representative and administrative institutions.
Thods, thereftors, open Lo the Commonwealth to lay down the
Form of government and administration for the lsland that it

it

In 1979, the Commonweal th Faeliament pas the

Morfoll Island A ements for the

;L0 pProvide new arrar

governmant of the Tsland. Tt e ablished the Legislabive

& and and conferred on bhe Qs

ambly of Norfolk T

@ambly

rimeant

powar to make laws for bthe peace, order and good govea

ot NMorfoll |l e



Under this Act the Administrator is charged with

ponsibility of administering the goverrnment of the

Tearritory., The Administrator ie reguired to act in
acecordance with advice given to him by the BExecutive Counci)

af Norfoll Teland in relation to any matter over which the

Frecutive Members i.e., the Ministers of the Norfollk Island

govaernment , have authority. Th matters are specified in

lile 2 of the Norfdollk Tsland Act.

Other mabters

of particular sensitivity or

fiatilonal dmportance over which the BErecutive Members also

Mave authority, are sub e to veto by the Acdministrator.

Guch matters are iomigration, education, customs and £ishing

and  are in Sohecdule 3 to the Act (Trebilao, 19835 .

1 FAUNG OF N

The diverse fiash fauna of Norfollk Tsland has

Timited v raroh . OFfahore spe

ineluding
palagioc fishes, sharks and many demersal species are still
poorly known. Richardson (1848) provided the type specimen
and original description and figure of Lethrinus

cheysostonus from Morfoll Tsland waters. Le chryzostonus 1%

@ due to o dtn externded snout.

2 el al., (1975 undertoolk the most
comprehensi ve study by collecting 108 especies, 86 of which
were newly recorded bringing the total number of Norfolk
Taland fishes tb 1aEEG OF the 16 species 147 were consideread

shore-Fishes and 117 of these were also found to ococwr at

Leprcl-Mowe Teland., Only four species (Archamia leal,




Parablennius sp., Tetracdonltidae sp.,and Eviota sp.) were

found to be endemic to Norfolk Taland., The mo G DS 6

families were Labridas (17 species), Fomacentridae (13),

Chea {770 ancd

cocontidas (L1), Blennidae (8), Sarranicdas

Geobd i claa (&) .
Moesse ebt. al. (1975) oivided the distribation

patterns of Norfolk Island species into two categories:

widespread tropical Indo-west Facific or western Pacific
speclies, and the south-western Pacific encdemics which are

tricted to the southwestern or soubthern Facific Ouean.

Al

ancl

Thus al mo: half of the Nortolk
tropical Few, however, of the tropical species woreg in
] ) |

rocorded only from Juveniles

abundanas and many

ehoal. (1978) recomnmend that due to the

e

A of fFauna in Norfollk Is)and

siove chars

i sting

for the protection of fishes shouwld De introduced.

[

(52 Y

hars o

The banning or licensing of acguarium +ish calle
prevert the deplation of rare and colowrful specias was also

recommenclead .,

3

e SEAFLOGR  TOPQERAFHY

Nerfollk Island is & truly oceanic, volocanic

ancy, in the Soutl oy lying on bthe narrow,

e gz

pesicded Nordoll Ridge, 6475 kos south of New Cale

F7E lme northwest of Mew Je

aland amd LE7S kos e

at 29« 8 latitude anc 1&8<

lLongi tudesy Lo

T Twe

Fowe Tsland is approdimately 200 kms to the soubhwe

smaller ouwtcrops, Nepean and Philip Tslands lie to the south



&

of Norfollk Island at 0.8 and 9.6 kms, respectively.

The ridge of continental material on which the
islancd is buwill was below sea level at the time of the
initial eruption in tﬁ@ late Fliocene era about three
million years ago. Susequent erosion, has redaeced the 14l and
o a Fragmernt of the original land mass. Reference to the

miasat oy

ant bathymatric chart of the Tsland, published by

the New Zealand OQoeanograshic Institute in 1981, shows

ant Land swface 18 approdimately 1%

Lgdnal areas of the pedestal L.e.,

FOETE lkme™ (Carter 1979, Duvall 1983 .

The continerntal sheldf surrounding Norfolk ie

@longa

@ oanc al igned norbh - gouth. To the east and west
the dsland the sheld dips almost continuously at O.5 -

QL7 bo the shelf edge at the 100 metre isobath. By

comtra shions have | ower

oy the northern and southern s

the

inclinatiorns being almost flat betwear anc 7E matee

the (Carter, 197%),

SGoeattered dredge samples collectad by the Naw

2

ared Doeanographic Instituate in 1979, revealaed that bhe

tler e e

mad o morphologlo el emne ineluded TETER T @

iy an abundance of sand and graval on the shel f

anc upper slope consisting mainly of coral together with

ssubordina bhuat Lo

al ly dimportant guantities of bivalve,

hryvoroan, @chinoderm and crustacean debris. The pre
live, unabraded fragments of coral in deedge hauls implied a
smat L-seale rough topography at in situ coral coloniaes

s oundecd Dy coars caloareous sedimaent.,




O the sowthern side of the island the sma Floor

i btypified by stesp-sided coral colonies (Enown locally as

‘minnacles

Y and oan the neorthern side by less prominent

latform’ reet systemns.

HoHIBTORY OF THE NORFOLE

10 FISHING INDUSTRY

Vary little historical indormation is available on

the Nordolbk Island fishing industry besides the

feimd i

rator s Annual Reports, 19104~ LF the mary

ahlish bhusins

attenpts o = based on bthe catohing,

[

imeg o and mae ke angd frozen fish oeroooot

nane have survived.

(0 mumk e s Rave prevented the developmnent

of  cbhe Filshing incduastry a central proo

36110

Ly. The

1 The lack of & parmane aepy water small

boat harbour.

Gt Trconsistent supplies of fresh produact dee o

vard abkle wealtber conditions.

wlar freaight

ard high

Fredor o 190G, NMorfoll was

paent port of call

for o whaling vesseles., By 1914, however, this once luorative
o / '] )

= the price of whale oil had

Fral vesd.



In 1918, the Pacitic Fisheries and Trading Company

commencad operations. Rusine

was suspenced in 1918,
however , due to the curtailment of shipping and the loss of
(] "

a valuable fishing launch in a cyclone. Another company

actacd a factory in 1925 bhut soon olc o for lack of fish.

anotiier fre

ar factory opened at Kingston (Figure

e At the time 14 - 185 men were engaged in part - time

fimhing ant sie men ware working at the factory as requldred.
The plank was capable of handling 4 tons of whole fish or 132
tons of fillet. Due to & combination of bad weather and the

lack of a switable all-weabthar harbows the plant o 2l

I e Liomne .

Im 19245, No-tolk ]

y
il

aricl Trousted

Lty was

cablished o btrade in frosen fish, shark and whale oil

producta. A building was erected and fitted with

refrl geration and s fre

ving facllihies

Fimby valued at wereg exported to Australia, Dut their

fitlty ton fishing ve

was weecked., Tn 1947 a second

Lroyed by fire , and finally, in 1948 another
Launch was wreoked,
T 1949, the South Seas Whaling and Sharking

i

Coultd., set up operations at Rall Bay (Figuwe 1). Ry late

19260 the company had lost one Launch and had had their

chaser and premis

troved by fire. In 1987, Buent Fine

2

GCo.ktd. y erected a fish processing factory

a =0 ton fre ar at (0

ade landing (Figure

fishermen at pric

" AN LN

IS

from &Gd. to Bd. per pound of whole fish which were then

Fille

by the comparny and snap frozen for export. Be
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fraesh fish sold locally, the company exported 26,173 lb. of

froven fish $ille by Juneg, 19208. Then bad weather and high

freezer-freight cos to Australia, made the venture

onomical .

Duwring 19W%2, at the request of the Norfollk Island

Administration, Mr.H.Van Fel of the South Facific Commission

visited the Island to examine the possibility of increasing
the whale gquota. Me was alse commissioned to investigate
means of increasing retuwns to local fishermen for fresh
Fish products and thereby improve continuity of supply to
the factory. As Van Pel s report is the only detalled
information available on the Nordollk Teland fishery it will
-

e treated in greater detail in the next chapter.

Betweaen 19467 and 1972, two more fachories opened

o Nedther prospered or swevived.

to trade in fish prodacts

72 THE VAN PE

The most comprehensive document on the Norfoll
Island fishing industiry is the South Facific Commission
report compiled by H., Van Fel in 1959. He was commissioned
to undeaertake the suwrvey by the lTsland’'s Administrator during

Jarnuary and February, 19289 to assess:t

a. the possibility of increasing the Norfollk whale quota
froom 120 to 150 whales per season to make the whaling

comparty more profitahle.
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e methods of stimualating the catoching of fresh §ish

supplie by i g monetary retwns Lo 1o

1 shermen .

Duwring Yan Fel "s visit thoere were nine petrol

L0

ranging in size from 3.9 to b.7 metre

motor L aunches
They ware powered by 2.5 to 7.0 hp Chapman inboard motors or

-~y

hoat carried @

4.0 to S.0 hp Seagull outboard motors.
o Bofi shermean .,

ried out using the

ALL commercial Fishing was

trraditional hook and lLine M guae s Van Fel distingul shec

r

four tywes of

fishing gear commonly wsecd on the Island:

& /O3 hoolk

sottom handline Gisir

e Floating handline.
Seo o Fole ancd line

4, Cast handline.

Due Lo the absence of & boat harbows, ve WE 6

Launchad at elther the MKingston pier wsing a 3 ton mobile

crane or alb Cascade pilier wsing & car hawled block-and-tackles

IR W

Van | tecd that at the time the knowledge

3y

fishing grounds was Limited to a radius of approximately 12

ratical miles from the Is Froduet was brought ashore

i the rouwnd and then scaled, filleted and packed in

s b oarcd  hoxe at the

2 plant.,

i and cold storag

orels from the plant show that duweing the ftwalve month

period from June, 19597 to July, 1988 there were 118 fishing
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days resulting in a total catch of 47618 kg, of whole fish
(mainly L. chrysoztonux) sold to the factory at an average

price of éed. per lb. Duwing the 118 fishing days there ware

actual boat days, resuwlbting in an average catoch of 199
kg per boat day. From the personal records of one fishermen
For o a five month period in 19208, there were 31 boat days

rasulting in oa total catoeh of 9458 kg, with an average catoh

k). per boat day.

I suwmmarizing his findings Van Fel made the

fFallowing recommandations Lo improve retuwrns to fishermen
G

anc to dmprove the gerneral profitability of the Island’ s

clome fishing industrys:

’

Lo 6 Goverment subsidy bhe paid to local fishermen at a

It

@ of dd. per pound for Leumpe

et @ anc sna ey an o Ld. | 6247

pound for treval Ly, kingfish anc grouper for a two year

aredooc For

"l

e Twe

ith 18 hp.o die RIC) L ME S,
with 12 hp. die ErgLneas,

ailes angd live-wells be bhuilbt on o imported to Norfollk

S

Ao The servi o

sertmvaltd on e

of a +fish pre chinologi st be

sought for & one yvear period to determine the most

profitable product presentation and to test potential

may et o

A

4o B harbows shouwld e bhuilt neer Eingston pile,

During 19462 to 1963 the possibility of buwilding a
boat harbow was investigated by the Commonweal th Department

of Works, It owas found to be hoo exdpensive. No other Van el
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ENT SITUATION

Al thouwgh considerable fishing ig still wundertaken

on Norfollk ITsland the central processing and freewxer

factories no longer exist. The industry has grown, howsever,

v . ~ . .
with a steady incre in the numbse of fishing boats

registersd with the Norfolk Island Fishing Club betwsen 19359

Lo L9F ident on the island can

(Figure &2) . Any person 1me

a bhoat and +fish commercially or as an amabtuear:
there are no licensing restrictions.
The fishing industry has grown with the towrist

industry, the mainstay of the Island’'s economy. In Ll

s

market consisted of & hotels, 1 motor hotel, 2 main clubs, 7

guast lodges, 22 apartments, 18 2

raunts, @ bhubtaher shops

”y
athhe

fiah shops. Froduct was sold for A
!

fillelt and t ather with multiplier effects provic

ancl - per kg, of

supplenentary incomes for many Island families. The local

product also helps to reduce a trade deficit cauwsed by

imports of frozen fish products. For exanmple, in 1981 frozen
fish products imported from New Zealand were wvaluwed at

NZ 6D, 6

Fishing on Norfolk is still wundertaken in the

tracditional manner by lawering boats into the water for each

Fishing operation wsing a car hawlsad block-and-tackle crane

at @ithear the cacde or Hingston piers. For full details of
fishing operations refter to Grant (19€1). Whilst fishing

gear remains the same, the new era of fishing boats have
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much dmproved performance, ranga, cuerability and are

equipped with depth sounders ancd raci os.,

AMD  EROWTH

D

Q1. Inkeoduchl aon

gooand growth of L.

The only previous stuady of a
chrysostonas was undertaken by Wallker (1975 in fueensland

of the

par b yiel ded imates of par-ame

waters, This r
viorn Bartalantty growbh eguation for the combined sexes of Lm

mo BEL S, Kos -0 LT sl te s B R

of raesearch orn Norfolk

Muring the initial pha

L was b

sl Uhat many Fish of both sexes had fork

b o For the

gomf bthe predic

inoEN

o LS aheysostomus

i mact e

meland population. The

51 and

From Gueaensland ware therefore inadeguate for Norfollk

ARV

and prompted the pr i L]y
Due Lo the iomportance of L. chrysostonus in the

ite biology in Norfoll Tsland

Lot this study examin

T mat of growth parameters anc

(222N

g and fr v A ¢l

instantanaouws mortality rates.

Freagpul e sampling was careriaed ouwt at either the

Dascade or Hingston piers where whole catohes were

pted prior to processing. On several occassions it

Lntero

o oollect samples From bhobth locations.




R ) ,p?’_“ ,

- A r)“T\"v:’,"l(/;,’?/{//,/y"u, -
""/'AA"' S '.},nl’ r’"“ '4,'/ '4////"'\ :
':'41‘1;//”/"‘ T S 7 »%/;y’/
] I3 7 /{ 7

~

/ s W)
Ll
A U‘W%

(Taken from a 40cm S+ female. SF=Scale Focus,Mi=Scale Margin,A{,A2=Annulus 4,2 etc..
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Before the collection of samples, length frequency
distribhutions of several catoches were recorded from
different fishing areas. These determined the sampling

o

a0y which involved the collection of five samples

o W

@ach for each Som length class over the length range

encounteraed per month for a period of 14 months.

ampling included the collection of fork

Regul ar

¢ and

tength (F...) to the neard cma y wedght dn grams, s

5.0 The length freguency disteribations (F.l.. Lo the

ome ) of whole catohes were recorded (where n=30)

IYEAL L
whanewvenr time permithed.

5650, 1 ¢)

were collected from an area enco M) é

Soal

the third to eighth scale rows directly beneath the pectoral

Lamodn accordance with Fawl (1968) who demonstrated this to

Be the most switable site for Chrysophrys auratus. Each

seal e was dnspected and replacement scales were discarded.

I the laboratory scales were washed, dreied and

ancl

five or six were mounted bhetweesn two microscope slides

BITECT ML GO

viewed under an OLlympus s sope fitted with a

w The distance from the scale foocuws (BF)

grachiated microme

to each suee ive anmulus (A1,AZ eta.,) was recorded for

@ 1. The marginal

voes from each fish (Flat

For o

imﬁwwmmﬁtv(MI) or distance between the outermost anmul us and
the scale margin was recorded for all scales.

Only olear annuli which extended most of the way
around the scale were included. Where scales were hard Lo

raacd they were Listed as wunreadable.



MEAN MARGINAL INCREMENT (mm)

MEAN MARGINAL INCREMENT (mm)
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Figﬁre 3: The mean monthly scale marginal increments for 5+ and 6+
L. chrysostanus sampled on Norfolk Island during the period

December, 1981 to January, 1983.
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Figure 4: The mean monthly scale marginal increments expressed as a
percentage of total scale radius for 5+ and 6+
L. chrysostanus sampled on Norfolk Island during the period
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Leength and age data were fitted to the von

Bartal anftfy growth cwrwve and the madimum 1ikelihood

hmation of the the

growth curve parameters were

wndertaken following Eirkwood (1983 The growkh curves were
compared wsing his likelibhood ratio test.

The relationship betwesn length and welght was

[BF

e

&4

tablished by wsing a least squares linear regres

analysis

(2 by major

7

Total instantaneows mortal ity rate

g arsas and For the total s were @stima 1 om

cateh ocwves atber Pauly (192800, The null hypolthesis that no

signl ficant differances exist bDetween bhe total mortaliby

ard the total stoock was tested

WEL MY

Checks

ancd 4 show plots of mean maeglnal

1PV me ar units) and marginal dnoremant as @

o (i micromns

paercentage of total s

ale radiuws for the period December

Beoand A dndividual s,

1981 to Janwary, 19§ £ o
Mean marginal dncremnents ingreased duwring the late

aummer through to winter with a maximuam duwring June and

Lember For Seoand S individuals, o

pectivel y.

A Student ~Newman -~k

le (BNED multiple range test

showad that mean marginal dincrements for S5+ fish during



TABLE 1: Age and Length Relationship for L.

sampled on Norfolk
to January, 198734,

chrysostomus
Island during the period December,

females

1981

AGE IN YEARS

4

9

6

10

11

20 1
2
22 1
23
24
25
26
27
28
29
30
a1
52

et et
)

x4 -
b
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TARLE

L
&4

Age and Length Relationship for L. chrysostomus
males sampled on Norfolk Island during the period
December, 1981 to January, 1983,
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Januwary and December, 198% were not signifcantly different
(0,05, however, both were significantly different from

June, 1982, The mean marginal increment for 64 individeals

during December, 1981 was al

s0 significantly different from
that dwring Septembear, 1962,
Minimal scale marginal increments duwing December

and Januwary indicates that check formation occwrreaed each

GLAMmeE" .«

ignment of Ag

Approximately L12% of all scal

collected,
particularly those from alder fish, were unreadable and
therafore odiscarded.

ITrdividual s were a

560 e ag e

according to the

numb e of  annul i ol vadl on the scales. As the firsh

annul us on s Formed duwring the second summer, those

individuals without an annulus were regardaed as being of O+

age and were nominally designated as femal es.

D

pite & large marginal increment, individual s

wenr e mot regarded as having completed a yvears growth wntil

an annulus was clearly discernible.

The resul tant age - length distributions for each

sexr are given in Tables 1 and 2. The lack of O+ and 1+ males
i partly attributable to the fact that all juveniles (..,
individuals in which sex was indeterminate) were classified

as females,. Males

may also have a later age of recrul tment

to the fishery.
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Figure 5: Relationship between Fork length and Scale Radius for
L. chrysostanus females, sampled on Norfolk Island durlng
the period December, 1981 to January, 1983.
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Figure 6: Relationship between Fork Length and Scale Radius for
L. chrysostanus males, sampled on Norfolk Island during
the period December, 1981 to January, 1983.
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Srale Radiws and Fork Length Relabtionship

and

A linear ralationship between

fork length was obtained by least squar

analysis oand &). The values of parameters for 324

femal ¢ maleas, are as follows:

479 PRI 0.9

Feamal e

0,85

Malos e 40

Growth in Length

era a and & from the

The valuss of the parame

sablished between scale radiuws and

Vimear relationship

fork length were wsed to sstimate the fork length of

individuals alt successive annuli by back-calculation from
the scale margin,
The back-calocuwl ated fork lengths and corresponding

agas derived from one scale for each fish, were wsed in the

growth analysis, glving the cuwrves

b e OB 7O DOy 109 Chrd s EOT D0

for femal esy



Table 3: Maximum likelihood ratio test for the comparison of the three
von Bertalanffy growth curve parameters.

A A A A2 A2

Sex n L®(s.e.) K (s.e.) to (s.e.) 01 oé Ln (L/K)
Male 2223 68.33 (1.65) 0.111 (0.006) -2.26 (0.10) 10.04 | - 3675.59
Female 1523 65.70 (2.67) 0.109 (0.009) -2.30 (0.12) - 8.42 | 2383.99
-Combined | 2223,1523 | 69.90 (1.56) 0.103 (0.005) -2.30 (0.08) 10.54 1 9.16 [ 6176.55

Test for differences: T = —2(ln(L/K) -ln(L/K)male -1n(L/K)

combined female)

2
:::Xz

A
Here T = 233.9, which is very highly significant
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FERK LENGTH

;Figure 7:

78—
65
60—
55—
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15+

The von Bertalanffy Growth Curves for L. chrysostanus males
and females sampled on Norfolk Island during the period
December, 1981 to January, 1983.
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e = A8, B0 —axpl-0, 111 (+2,26) 13

for mal es, and

e G QL DO 1O (R 2030 15

For the sexes combined. The maximum likelihood ratio test of

showed thalt the curves for males and females

arkwood (L9
are significantly differant (FLO.0010) (Table 5.

The observed maxiomum leangths dweing the period of

anc femal s,

shuely wera dbom and SPom for mal

raepectively.

Tha von Bertalanftfy growtbh curves for female ancd

male L. chrysostonus are shown in Figure 7.

Loty -

The values of paramaters obtained by least sguares

Lo analysis for the length-waight relationship W=

g

L5y whare W ois the whole fish weight in grams and Lo is the

EBrEH, Are as followss

fork langth in centims

Famalwg - 18,77 Q.02 0.9 E4Y

Males = .80 0. 0196 .98 40E



 FREQUENCY

Figure 8: Length frequency distributions by area of fishing operations

for L. chrysostomus sampled on Norfolk Island during the
period December, 1981 to January, 1983.
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Figure 9: Log, (abundance) versus age by area of fishing operations
for ‘L. chrysostanus sampled on Norfolk Island during the
period December, 1981 to January, 1983.
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Male and female length-weight relationships were

).

significantly different (W4 confidence 1imiles

Inatantanasous Martality (2) BEestimabes

Thig length freguency distributions for north-east

From NMorfoll) and soutb-east (12-320

(0% mantical mile

pautical miles from Norfolk) fishing areas together with the

S ¢

moFrom vario

e o

covalzi mecl ol s

are shown in Figure

B, The combined disteibabions arse ocon

bt ative of the total stock

raasonably repre

from areas other thanm the north

i shribhutdon

of Fishing operations.

vl etiweer

ignidicant differences ol

area and those from tF

72 oepestimates for the north-g

area (b el

ot SABPE, pros0R) and combined

area had &

Sibhutdome (La=30 37, pl0o, 00 The north e

chi

abar total mortality rate than the obher

significantly gre

it anel

for the s

e bal by e

differ significantly (Lo,=1,0199,

Lo for the

of

For the Nordfollk Island and

I £

senks i e

Dueensland L, chrysestonus populations. The predicted

O s

larmd populati

ymp ot o langth Lw for the Neowrfolk

Limated for the

considerably greater, however, than that e
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CGueensland population. The maximum age of individuals

samplacd by Walker (192789 was 74+, whereas here several 10+ Lo
L dndividuoals were ancountered. The initial growth rate of

Dueansland Fish was found to be greater than those from

Mo fal ke Tesland.

Whii le fishing pressure may cause the greater total
mortality for the north east fishing area, it should be
notad that many local fishermen believe thisg arsa was never
to the area from

inhabi ted by large +ish, B of acce

der pidoery, howsver , and i to the

septible to overfishing.

timat

mortality e Mave not b &0l vec

176

inho matuweal and Filshing mortal ity components. An evaluation
catoh and effort data will be undertaken

o clalis

e hasis for futures

NI AV particulacrly valu Lhree growth owve

parameters, longth freguency distributions and total

I

morhality eaehimatias,

101,

[ ke aree of several

gt

ag i the Indo-fa

meanbears of bhe family Letheing sifie region
their reproductive bDiology s not well known.

N (L9E

Young and Mar 2) who 1nve

pyrows hermapherodi tism dn elght sl e d i dae




o

Cincluding L. chrysostoausd from the north-west Shelf and
GBulf of Carpentaria waters found that ovaries of all species

ca at variows stag including bhrown

formeacd cor 37 a A treti

bhodies as first e

csidbed by Chang Wedight and FPhillips

{1R67Y . The were subseguently observecd by

brown bodi e

Young and Martin in the testes of all species embedded in

ticular lamel las. Furbharmore, all species showed

the +

21 me ¢l

sicuwlar s

This typs of U Lt e,

snclaeey b

secondary male morphology by Reinboth (19467), suwggests that

these males had undergone a sexual transformation. Fuether

avicdance for protogynouws hermapheodi tism was al so

clemonstrated by male dominance of the larger size ol ag

oloa

and famale dominance oFf smallear i

SHD G B

R L @I €

ouwbens (198G report
Froom the sxpoocted 05 ratico of males to females in six

i micl from New Caladonia ancd

of the family L

muggesbad that in L. chrysostomus, L. Tenitian and L.

rariegatus this may be due to guential hermaphrodi ti sm.

Leabeauw and Cueff (1975, hosever, observecd an averlap in the
] 3

and Fomales of the Indian O

3

el bata on of  mel

species L. ernigmaticuy but concluded that Lhe difference was

clue to ciftferential growth ra and not to sex

reversal
In consideration of the importance of sexuality

anc reproduction of L., chrysostonus in providing population

them in detail.

1 to o dnve

abyvility it waws



Table 4.

VISUAL STAGING CATEGORIES FOR

1.

FISH GONADS*

Gonads small strap-like, testes
with sharper edges than ovaries.

Developing virgin or recovering
spent.BGonad smaller in developing
virgin than recovering spent.

Ovaries opaque, eggs not discrete
macroscopically. In males milt
not expressed.

Individual ova clearly seen,
ovaries not yet full sized. In
males milt not expressed.

Ovary becoming transparent, ova
not expressed by pressure on
belly. Milt expressed by pressure
on testes but not on belly.

Running ripe. Eggs and milt
expressed by pressure on belly.

Spent. No ova or milt expressed
by light stripping. Ovaries and
testes blood—-shot and flacid.

#Blackburn, M. and Gartner, P.E.

(1959). Barracouta in Australian
Waters. Aust. J. Mar. Freshw.
Res. P411-448.




Yy
e atius

Amateur and commercial catoches were sampled
regularly at either the Cascade or Eingston piers, bheltween
Dacember, 1981 and February, 1983, Whole catoches were
dntercepted prior Lo pwmmﬁﬁﬁjmg and the fork length (F.L.)
ftag@ and fishing area

o the nearoest

centimetre, sed, gonad

wenrg recorded. Sexual staging followed Blackbuwn and SHaetnee

.

3 {Tabhle 4).

A b cted

ample of fish was weighed, then di

andg bhe gonads removed and presecved in 10% formalin. Upon

return to the laboratory, fenale gonads were blotted dey and
thaen weighed to the nearest O.0Lgms.

For preliminary histological scamination 56 male
gonads, repressntative of the lenghh range, were sechioned
mechially (SBum) after paratfin embedding: of these, thirty

fFong gonads were also sectioned prodimaly and distaly.

Pata anal ve

FRatio % Lengbbh-The null hypoth ¢ bthat the

to fork length was b

welghted linear regression of the estimated sex ratios in
@lght size categories against the median lenghth of each sise

class. The signidtoance of the regression was tested by a

with one degree of fresdom (Cochran, 19%54). A

significant result fomlisd changes in sex ratio linsarly

Lated to fork lTength.

Fopulation Struoty The length freguency

chistributions of L. chrysestomus malas and femal es ware



Table S: The P
VArious sta

seasons of

L. =hrvesostomus femnales ocouwrring at
gonad development during the spawning
and 1983, Morfolk Island.

MO TH Visual Stage of Gonad Development

1]
-
<
e
e
-
Ul

Ripen g UANM1ng Spent ==

Fipe

Jary 2.1 77 Ha b
! 31,9 48. 5

Ape LA FGa 7

May ' 100, 0

D L3 7

i) Tt & 2E.3E =1.7




FeMALLES MAL.ES

i

Obhs. freg Enp.freg Obs.freaqg

Exp.freqg

£y e e e

1107 AN 700

‘emal es

¥
"ty
w
=2
e
—~
N
m

Ratio = 1.38
= F1.&7 (po0.001)

Reiject null hypothesis: the ratio
males differs significantly from a

to

of f
1:1

POELE

males?

emales
ratio.

to




compared by establishing 92974 confidence limits about their

mean fork lengths. A lack of overlap

gignificant
differences betwaen the length frequency distributions of

the LWo e es.

Spawndng Feridodl

ason was observed

A osingle protracted spawning se

the summers of 1991082 and 1982-8%, The percentage

ot Lo chrysostomus femalé

occurring at veridous sta

gonad devel opment duwring the spawning SONS are shown in

Tabhle . While spawning occwrrad from Ootober to April each

vezar,  bhe main g

awning events ocowrred from December Lo

Faabrilary.
Many partially spent females were observed dueing

Lhie later stages of bolh apawning seasons. Thelr ovarias

were slightly flaccid and small, occupying Little of the

bocy cavity. Numaerous matw e oocybes could be seen thirowgh
the thin ovary wall and slight pressure resulted in

shripping. While females may undergo a single spawning

mvernt, a protracted sequential spawning, seems more

proobab e,

(O the 1807 L. chryzoestemus examined L1107 were

and 700 were malss, resulting in a eax ratio of

1L.3801 (Femalesimales). The X¥ valuwe in Table & shows

significantly more females hhan males.



THBLE 72 Compari=zon of zex ratios for L. chrysostomus males and females
taken in inshore and offshore areas of fishing operations
during the period 1981 to 198ZF, Norfolk Island.

H

Ares af FEMALES MALES %32
Operation Obhs.freg. Exp. freg. Obs. freg Estp. freg.

L$

i

TNSHAORE

¢S, Onm) 244 el =22 21 B. 2448

OF FSHORE
(*Ze1nm) g1

47% LR GO, A%10

1107 POELE 700 FE. BE58

2
X orans
TotaL XY T

7‘-9; e

Conclusionss

(O, 001 pr<0.01)

The sex ratio differed significantly from a 1:1 ratio in
inshore areas {(0.0014pr<0.01).

The sex ratio differed significantly from a 1:1 ratio in
Dffshore areas (pr<0.0017.

The two areas were not homogeneous in respect of sex ratio.




TAELE 8:

Comparison of L.chrysostomus sex ratios by month during

the period December, 1981 to January, 1983 Norfolk Island.
MONTH FEMALES MALES x* FROE.
Obs.+freq. E:tp.freq. Obs.freq. Exp.freq.

DEC 81 349 176 262.5 57.0076

LJAM “ 82 44 21 .5 8.1385

FEE 82 I9% 248 320.5 I2.8003 .00
AFR 82 86 55 70.95 6.8156 Fr<0.01
MAY " 8% 7 80 83.5 0.2934 N.S.
DEC ' 82 S6 S 57.9 0.0783 N.S.
JAN ' 83 92 61 76.95 6.2810 Fr<0.02

1147 Q0Z.5 700 F0Z.95 111.4147
K vomms ;1?1'610;
2 = 414 :

o AL 71607440 (0.001pr<0.01)

xbb«n}

Reject null hypothesis - months ars ot homogeneous in respect of sex ratio.




{Gms ]

GONAD WEIGHT

Figure 10: The gonosomatic index for L. chrysostanus females sampled

on Norfolk Island during the period December, 1981 to
January, 1983.
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Inshore and affashore are: Mad different sox

~atios (Table 7i: offshore the ratio of females to males was
L7t while inshore it was 1.18l.

Hoxw ratios also changed with time (Table 8). In
December, 1981 the greatest variability occuwrred when the
ratio was 1.98:1, while the ratios in May and December 1982

cid not differ significantly from a 1lel ratio.

Mathed by

The wsmal 1t incdividuwal encountered was a O+

e

B0cm Falaa

Juvenile of 20cm Fol, Juveniles rangecd from

The emal laea female found to contain ripe

(adfter Blackburn and Gartner, 199 was 23cm F.olo Thae mean

gt of fenales at filest

matuwrity (ioee, the mean length

of developing female virgins cantaining differentiabed e

wat wml e Bem M.l (ne
The smallest male from which milt could be

EN DI RS

acl by applying slight presswe bto the belly was 239cm

Fudu

Gomad Tnoass

The gonad index (G, 1.) or relationship between

ganad weight and whole fish weight MWW for L. chrysostomus

femal s o shown in F

gure 10. Tt is b sl bed by the

Linegar rogression whared




TABLE 9: The numbers of L.chrye

sostomus females and males cccurring in
length classes as samp

ed during the period 1981 - 1983,

=0

Norfaolk Island.

MEDIAN LERNGTH 23.5 IS B8 45,5 48.5 53.5 585 &HE.H
No.of Females 15 2R& 453 SE2 59 3 i}

No.of Males 5 58 191 179 144 a7 33

2
X1 = 100,42 (F20.001)

Reject null bypothesis — Sex ratio is related to length.
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FREQUENCY

FREQUENCY

Figure 11: Length frequency distributions for L chrysostanus males
and females sampled on Norfolk Island during the period

December, 1981 to January, 1983.
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e

Tho mean gonad and whole £ish weights wers 34 grams ancd 1203

GITAMS 1

ively.

The whole fish weight when G.T1.= O was CF ame

o @E.Roems Fales (Where L. o= We-

a = QL&P7, b o= I, 6N6E) .

e maphr ool bl sm

The raw data and @ignidicant

X val ue ratio chang Linearly

with Langhth., Chang di owith lenghth are assuned Lo

e indicative of =

CHarge.

s

i) sty on Bt Lurms The length freguency

i stributions of males and females (Figurs 11 show

clovmd na

@ ooverlapt male the wuppe

(S &S e FL and Femal gdominate the lowsre sice ola

Fii o The two disteibubions were significantly

The b i fFeranuss

ire lenghth Freguency

distribulions can @xplalned partially by the

thifferaent growth rates for males and females (Table 3.

peoncdary Male Morphologys:s Mistologicoal

B LTa e reve

gutamid nation of mal ey mal e

morphology in o all o

Mo evidenos of a primary male

menrphol ogy or e ovichict was encounterod even in the

smal lest male Leshe et ioned (S%cm Floi.
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Revaidual Ovarian Material in Male Gonacds: No

avidence of degenarating oocytas, bhrown bodies or
Lymphoocytic intiltration wag found in the testicwlar

lamallae of male gonads.

104 DISEUESETONM

aOem Ll )

The Lack of L. chrys Poms  Juvenit les
in bhe catoh was similarly reported by Walker (19795), He

are located in de

BLGOE theat  duvenile e waters, out

of the range of skindivers and fishing operations. Thay may

als=o have pelagic post-larvae and early juvenile stages.

ratio linearly ralated to length

Shang

and significant differences in length fragquency
distributions support the theory that protogynows
nermapherodi Sism i the normal oode of sexuality in L.

il on of

chrysostomus in NMorfollk Tsland waters., The posses:

condary male morphology s dnconclusive as evidenoe of

change as a primary male oorphology was nobt demonstrated.

Al examination of t fan led to

stolc

icular ma

Co-oceurrence of avarian ancd e

Gt ama, natd on inconclusive, however, duse to the

1

sample s Further male gonad samples must be

Limit

also be collected to examine

collected, Female gonads must

Ttes will bhe

and brown bhodi

Jenerating oocyt "

raported Latear,

The female gonosomatic index indicates linearly

increasing gonad and whole fish weights, implying increasing

faoundity with age. This needs further researchys the removal



108 Bummary of L.

chryzoztonus dietary components.,
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The Norfolk Island domestic fishery log book grid map.
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of large females may bBe partially responsible for the

suggested decline in stock size.

JING HARITS

:L :z. L F.: e

To investigate the feeding habits of

257 stomachs and

chrysostonus in Norfoll Tsland waters,

st ative

e were ool lect froom fish over a repre

it

lenghh range for each sex between December, 1981 and
January, 19873, As specimens still reguire ddentification,

Nhed here (Table 10).

il

only praliminary ¢ arm P

h

o statistices shown are:

@asPercentage Ococurrence-the proportion of the sample

containing & particw
aPeorcentage Diet Conpoxition- the relabive volumaes of
Food dtems making up the diet.
1

The major dietaey items are crabs (34,4%), sea wwohings

C19. 2, gastropods and bivalves (10.8%) and fish remains

(2. 4% .

In order to obtain catoh and catoh per wnit of

el

e f ot COPLIED a log bhook was designad and i

Lo Fishermen at the commencement of the program. Log book
records ware keph on the basis of & grid map Filguwes 1820,

pecbd o on of  1aBY 1

The i of grids ooours at the inters

[l S R

longitucde and 297 9 latitude. The swuwerownding oo

aan, ho the

LOO metre isobathy is divided into two minute grid sguares

o
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THBELE 11 Summary of the Norfolk Island Log Book Data
for the period February, to December,
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FIGURE 14: Total catch of all species by grid for the period
February, 1982 to December, 1983.
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FIGURE 15: Total L. chrysostomus catch by grid for the period
February, 1982 to December, 1983.
horizonta! scale Note: read vertical

first
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The catch s dominated by L. chryrsostomus,
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coy mob show relative abundance as there
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FIGURE 16:

The mean L.

chrysostomus catch Per Unit of Effort by

grid for the period February, 1982 to December, 1983.
horizontal scale

Note:

read vertical scale first
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MEAN CPUE

"~ Figure 17:

The mean L. chrysostanus catch per unit of effort with
increasing distance from Norfolk Island.

(Note: Values in parentheses are the number of records
for each zone)
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for any grid oy the total numbee

(MY For -
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The mean L. cheyzostomnus CPUE by grid during the

oo o

pariod Feobruary, 1988 Lo Decembear, 19835 are shown in Filguees

Ty Th can be seen thalt inshore areas

Lower mean OFUE than offshore areas.

changeEs in the mean CFUE with increasing

from Norfollk Island, the continental shelf was

divided into zones. The OF

For all grids in & zone were

summes and the clivided by the al number of

PG

for that =one. Figure 17 shows a plot of the mean L.
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Fishing enterpris articularly those involving

a central processing facility, were uneconomical due to

varidahle weabthar and the 1. af a small boat harbow . The

fishary will probably remain a small domestic industry with

one or two Ful l-time commeracial operators together with a

mumber of part-time fisheronen catering to the local domestio

may et Fishing provid

sUpplemantary dncomas Lo many

families, an inexpensive sowce of protein, together with

Al T p e ef and raductions in bhe trade deficit.

Tiven Lo

al data of b Norf ol k

i fishery, pacticularly © shoand effort informatlidon,

1 dmi -

arche OF particuwlar interest are

increasicng baalt numbers and af fort in the

ary . Wi thowt

adeouate formatted historical oatob gffort dnformation

an of this byps cannot bhe made.

cureent L

o ook progeam yvi

e o

sing cabtoh per o wnit of effort with increassing

ance from the Island. In the light of the Yan Fel report

ihoappears thabt dnshore stocks have declined.
Due to the domimance of L. chrysestomas in thea
catoh, a Life history study was undertaken. While certain

aF e bagis for

GorEmad N dreornelusl Ve,

s ar o .

future fisheries management e

Baveral meebings were helod with members of the

Neowfol

1 and

shviomeg Gludy o dis maracement .

i the one hand it was argued that variable wealther



conditions, lack of a harbow and the limited nature of Lthe

domaestic market wouwld provide a natuwral form of management .

On the other hand it was swggestad that a significant

in cateh rates

had already occuwrred and active
managensnt was reguired. In consideration of the data

it here, and e@rring on the side of caubtion, any

el

Lgrificant dncre in fishing @ffort warrants active

mariagement .

ation was in 1284 to bhan the export

Frrom Maorfoll Tsland. This we

21 ) ol

in the direction of active management without

rastrictions on the fishermen and e

fing

sarry  actminiebratlon.

Should any significant increase in effort ocow,

Mowesver L forms of managemant are presentead $oe

GO g L ce

Lo The introduaction of legislation limiting the amount of

Fishing affort in a of concern. This systemn would

involve the elucidation of areas in need of restrictions and

wotl o e diFfioult to enftorce.

P

e By odioviding the ¢

a hierarchy of wsers.

Thi=s systen would involve lic and catoh resterictions

R

rding to the type of s

@r. Foe example, a commercial
fisharman would be entitled to a greater daily catoeh than a

racraational fisherman.
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oA Ehird managemant option exists in the form of omutual

agreement amongst the Morfollk Island fishermen that
particular areas be allowed to recuperate. Furthermore,

increasaed effort could be directed towards pelagic specles.

AN integral part of any management systaem

Choon of

implement on Norfoll and, showld be the introdac

a lag boak. The importance of these data in secuwring a

fish yield cannot be over emphasised.

L8 FLITLINE

Thig following areas are indiceted as those in need

of further researohs

Lo The further investigation of protogynous

armapheodi ti am and age s

pecific fecundity in L.

chrysostomas.

timation of the natwral and fishing mortality

coefficients.

Eao The continued collection and assessment of length

fragquency data.

4. The continued collection and assessment of log book

data.,
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