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SCOPE OF THIS REPORT

Retween August and December 13285 c
fishing of the coral Trout PODUIATIC -
out. During the study acdaitic r
management c¢f the demersal reef Tish

This report describss the resuits ¢7 ths st 2
that <+he information D2 integratsc iater 5
currently under way To give an undsrstanding =
demersal reef fishsry 1in Capricornia. Ths 2
report wi he Turther analyssd =and prescs z
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puctiication.
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[This report outlines a 'feeding hypothesis' as one explanation of the results.
Subsequent work in 1989 based at Heron Reef has shown this hypothesi s to
be incorrect and the report on that work shows why this is so. This report will
not be published as is but may be used for management purposes.

' GBRMPA 1990]




Cutline of cenerzl 7irdings relevant To manacemsnt

Point |

The cicsure o©oT Boult ReseT a8 a regienisinment arsa ~a3 SUCTIS83TU
in as much as Tish stocks &t opsning ware abuncant  and average
size ¢f Tish vary largs. No evidencs was fTound to csucgsst That
Tish stocks, 1T rested, do noct respend in  The ways whicn S mpis
fisherizs modais predict ie Dby bDoth number anc avsrags 3ize of
the ’'rested’ specises increasing. Foliowing rs-cosning. TiEn
stocks were very rapidly reduced by T3i3ning. ATI=2r  ia Za 27
fishing about 25% of the coral Trout had ocesn sausnt =TT 15
monthe in the order of 235% remained

Foint 2

While the demersal rezef Tishary 18 a muiti- ne
caTon 18 cominatsd by cniv oa  f scsCiss. AL na
fishery can best be managed by reguliarting >
incividua' species. The main species ars  Cora !
swe=stiip, spangled emperor, red emperor and se =
cod  speciss. Compiex muiti-species CoNsia T
warranted at this stage.

Pcint 23

As a generaiisation, resf demsrsal spacies C NCt meve migrats
ocver large OTSEances; most are reiatively ’site attached’. Since
the distribution of fishing effort is very uneven, accessabls
populations are vulnerable tc being overfishec. Both growth
"overfishing’® and growth ‘underfishing’ are presently cccuring in
this fishery. Management action to distribute Fishing Tort
more evenly is warrantad.

Pcint 4

The level of ishing on the emergant rests oFf Capricornia is
very high and evidence suggests that growth overfishing of coral
trout populations 1s occuring. An increase in the Tsgal minimum
size for coral +trout 1in Capricornia to 450mm 1is warrantad.
Because the geographical arsa cf the fishery is very large, it is
onsidered practical to apply more than ons minimum size
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Feliabie information on <tThe size anc sconcmic
demarsal resf f{ishery within <the outar coundarsi
Barrier Resf Marine Park is difficuit to obtain.

Tiloury {(1928) estimatas that 150 commerc Tig

reet as a major part of their Figh aCT 3
uniicensed amateurs taks ‘substantial = 3’ =)

iarge number {200) sell some catcoh. dHe as ze i

value of the catch Trom this sector to ba N

Based ucen  information oy a7 os.

(1884) estimatad the <o ccets

ra2craationatl fisnerman at % A Nl

Other statistics. sucn as =n=s increass ate  motor
ragistrations 0 Quesnsiand, suggsst gemersa |
Tishery s growing rapidly. For example. it The 2yndad
Gladstone and Rockhampton Regions comdined. tThers nRas nes
overail growth of 20% 1in moctor boat regisLraticnrns oDetwaan

and 1985.

The high percentage of submissions reiating s Tisning in
general, recesived during zoning pudiic particigaticn orograms
also highlights the 1importance of Tishing in the Marine Fark.
For example, of the 287 First round representaticns  recesived oy
GERMPA for the zoning oFf the Southern Section, 44% related teo
commercial or recreationa) Tishing.

These figures taken tecgether, give an indicaticn of ths
importance of the demersal reef fisherv and mors gensraliy show
that management of this fishery, encompassing afticient
administration, research and enforcement, shcouid b & high

cing in

(@]
(@]
[ORE()]
w
-t

priority activity for resource management agencies
the GRE regicn.




2. THE EXPEXIMENT AT BCULT REEF
2.1 BACKGRCUND
Boult Resf s lccated near the Southern end oF the Sr2aT Zacrisr
Rees 37 22 457 ¢ pv 133 187 2, in tAe MaTway  Tacricorn Ses--an o7
the Great 2arrier Rsaf Marine Park. Tha rae+ mezasures acout
2.5 km by Z km. The arsa of sezaped outside the Crving ree crast
which supports demersal rsaf fish (i2 where the rasource is
mostiy located) qs acboximately 342 hectarss.
Boult Rze? was itnec as  a ‘repienishment Tireg
Zoning plan prepared for the then Caoricorniz I~ was
closed to Tishing znd coliecting on 1st 2z an
experiment to assess the s¥Tectivenscss o7 Deri: osurss
as a Tisheries management <tooi. No inform e ne Tatn
closure’ fish abundance 1is avaijabie aithouch ssveras diving
surveys of coral trout abundancs wars conductzao i TNz neriag
OoT ciosura,
Bcult Resf was rF2-opensa to Tisning c=r ANg The
SxDeriment describsd hers was condus nis
2.2 CBJECTIVES OF THZS EXPERIMENT
The primary objective oF the SXP2rIment  was o measurs Tne
Catchability (a), of a cocral trout peopulation candars and Mcrgan
(1876) show that catch per unit fishing effors is theorsticaiiv
proportional to stock density, witn the constant o7
proportionaiity being q, the Catchabiiity of the Stock. Using
their nomenc}atura'

c/x = gb = gN/A
In this case, ¢ ie the catch measured in numbe of fish., X 4s
fishing effort measured in fishing hours and O 15 the density of
fish measured 1in number per hectare, N is the tctal number of

- —~l

Tish in the bopuiation and A 1is the area occupied by the sto

An estimate of C&ECH&bT?Tty is valuabie because it can be usead
together with catch, T1sh1ng effort and Tishing arsaa statistics
in  the above equation, to estimate the total coraj trout
population and the f1bn1ng mortality 1t sustains, over wider
areas of the fishery. Note that such calculations rely on severai
important assumptions which are explained by Sanders ancd Morgan
(1976},

Sscendary Sbhiective Wwere Lo desscribe the species compositicon oF
the catch taken fro the reef, to measure the number and size
distribution of t“out and other important species taken fTrcom tne
reef and to describe the short tarm movements of fish arcund tna
reef. A final specific objective of the work was TG 2ducats Ths
fishing community by 1nvplv1ng 1T directiy in ths conauct of tns
experiment and providing Teeaback cn the results,




2.3 EXPERIMENTAL DESIGN

A simple experimental design was emplcyec. The STrategy Was 1O
tag Tish at Boult Reef prior To 1ts opening anc tTher Tco rscord
The catnch. eTtort a2nd Tag raturns of 211 nscoiz wro Ti3nsg 32T Tr2
reef in the Tirst TWEC WEEKS T owing its re-ocening.
Additionaily. underwater counts OF coral © T W28 SCnoucT=d
immediately pricr ©to cpening and T ; of Fisning. with
a knewn Tishing =ftort and catis ng Time
Informaticn to determine the 1nitial popuiztion OT Zora’ SUT
(and other spescies} at the resT using tThrse Jindepsndant ocs
is thus avaiizabie.

1. Tctal numcser ©f coral trouz 23

used to give & Peterssen estimats e

resetT at ccening.

2. Denrszases  In tne  numbsr

zgainst the accumulatsg caitcn,

corxl trout ooculaticn at cnent

2., Pra  and post  Tianing  undsrwater o

conducted by diving. cive an sestimaits o7

in coral Trout humbsr caussd DY & measure

removail of a known number of Tish

The reducticn in Tisnh density (fish op2r nsctars ovsr Tims, Can
then be correlated with catcn per vunit effort (Tish per hour’:,

giving an estimate of catchability.

Data to achieve the other objectives of ths expsriment weare
gathered incidentaliy.

2.4 METHGDS

Tagoing was conducted Trom a 5M opsn vesssl wltn a Zeam oOF Tour.
Twe commercial fishermen caught fTish wusing standard handiining
methods. In 95% of cases, fish were ’11ip hoored’ and survivea ths
catching/tagging process well. One perscn tagged the Tish wnile
another recorded details.

Fish were placed on a ’bean bag’ where they could be easily
‘restrained in its folds for tagging and measuring. In most casss
the fish were out of water for less than 30 seconds.

Ths tags used fTor this experiment ware 120z T=gs made ¢f piastic
filament which were surplus %o an earlier rsef Tish tagasing
project. No problems in appiying this tag type were encountered.
A1l tags were applied with necspeorin ointment to minimise risk cf

vibrio infection.




Care was taken tco spread fishing intensity (fishing hours psr
unit area) evenly over all parts of the reef, To promote The
process whereby tagged Tish mix eveniy throughout tne Total
populaticns.

During tagging cperations, destailed records of speciss, s1Ie.
release condition, tag numpber(s), time czaught, gear and Da T
type, locaticn, fishing eTfort and weathsar wers Hept. Tnis
information was applied tc a 'micro-ORACLE data bass ok is
now located in the Conservation, Parks and WildlitTe Departmant ' s
office in Rockhampton.

Catch and fishing effort The unit of eTTort c an was . ' Tisning
hour’. Since most fishers use only ons hock per ne ard orlyv ore
iine at any cne time, thes Tishing hour 1s egui ient TOo tne heok
hour or line hour. A negligibie amount of spearTlshing occurrsd
during the first 14 days of fishing &t the rest

Details of catch and efTort wWere rscoras o
f1sne”men, assisted by the survey TEam oOoF
distributed tc and collected from all Tishers r N
day, Tor tnc Tirst Tourteen days Toilowing re ne. ST
these books and informaticn about the experimsnt w “plilzinsd TC
all fishers. An example of & ?og bock 1is attachec &s Lppeng < =
In May 1888, the reef was again Tishad by & commé&rcial Tisnarman
who volunteersd to ke log book records cf his activitiess; Thess
records are compared w1th earlier statistics

Additionally, notes were kept of vessels’ fishing activities by
the survey team so that anomaiies 1in the log book information
could be 1interpreted. In many cases it was possibie for thes team
to board vessels, count and measure fish and helip Til1 out Tog
books. Note that during the experiment, virtually no fishing
occurred at night. It should also be kept 1in mind that coral
trout do not feed at night, so day-time fishing effort oniy 1is

relevant to this species.

In an effort to ensure public co-operation, the experimsnt was
widely publicised on the adjacent mainiand in both the press anc
on radio during October/November 1985. Letters explaining the
experiment were sent to all local fishing cliubs, tackle shops etc
and to commercial fishermen. Further, two substantial prizes were
offered as 1incentives to fishermen, both to keep accurate log
book records and to return tagged fish. A $5 reward was paid Tor
each returned tag. A1l participants were promisad feedback on the
results of the experiment.

To assist fishermen to orientate themselves, & marker Dbuoy was
placed on each block boundary ancd a map was issued 1n each 1og

book.




Underwater survevs The relative density of <coral =trout was
est-mated by counting Tish underwater prior to the rsef being
opened and again after fourteen days of f{ishing. For Jogistic
reasons, these counts were conducted 1in fishing block 4 only
(Figure 1).

Block 4 was divided into six sub-blocks as shown in figure 1. The
relative area of reef fish habitat of each of these blocks was
measured from a large scale aerial photograph using a planimeter.
in each block, a series of five minute counts of trout were
conducted by a diver using hookah swimming over the reet with the
boat Tollowing above. A1l counts were conducted by the same
diver. Such counts were conducted both prior to the reef being
opened to fishing and after 14 days of fishing.

Relztive coral <trout density was then estimated by appiying the
formula;
% a7
_ TR
D = e
A

wrere D = relative density of trout

¥i = total number of trout counted in the 1 th sub-bDiock

ni = number of counts taken in the 1 th sub-block

21 reiztiva area of the 1 th sub-bliock

4 = toctal relative arsa of the biock

ate Thé area of reef occupied by =7

T =21 Boult Reef. is The arsa of cora’ ng
0] ing crast of the reef and tThe outer =T
Tl pboundary, wags mezsured
A coiour aerial photograph of the resf was eniarged and a scale
applied by comparisch with existing accurate mass. The resT crest
oounds wze tTraced from this Dhétograph 28 wzg the outer resf
edge whers 1t was visible. Some additional vertical photograpns
of the reefT were taken and echo sounder transecis made to locate
the resf edgs boundary where this couid not De seen on ihe
enizrged photograph. A4 planimeter was used To measure the arsa




Figure 1. Boult Reef showing fishing block boundaries.
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2.5 RESULTS AND DISCUESIC
2.5.1 SPECIES COMPGSITION CF THe CATCH

The relative gbundancs cF  eneciss  caugrht gur
operations, prior to the reef teing reopsnsd. 13 gho
and graphicaily 1in Tigur 2. It can bs sazen thaz
account for 723% of the catch in number. It s =
coral trout. husszars, redthrozt swestlip and brown m
up approximateliy 90% of the catch by weight. Mansge
few species is thus of primary impcrtance in Caprico!
It should be remembered that the above speciss com
exclusiveiy Trem catches taken beyond the reeT cres
davlight hours. Other species caught in Capricorni
significant in other arsas and at other tTimes
example, spangled emperor (Lethrinus nebuicsus:
lagocons at night and red emperor (Lutianus ssca
Targeiy 1n arsas o7 hard CtoTtom in despsr
necessarily associated with emergent ressts
The possiblis effects on reef Tisn community STru
removal of Jargse numbers of large predator spsciss
debated. Goedsn (1988) points out that 17 ths demer
community is based on stochastic processes, then i
that the role of 'keystone species’ (such as coral T
filled by less dominant popuiations.’
Evidence to suggest that Tfishing 18 «causing cC
community structure at heaviiy fished resfs may be
by comparing the species composition of t n
1

over time or at comparabie reefs with di
fishing.

A sample of fTish taken at Boult Reef 18 months
opened to fishing shows that coral trout and re
had increassed marginally (probabably not sig
percentage of the catch and that the percentage ©
catch had fallen (Table 2).

s
&
=Y
2

o

Simple fisheries models predict that if fishing
population is reduced, both density and averags
increases. No evidence was Tfound to suggest t
commercial species do not respond in this predicted
replenish in the absence of fishing. For example,
predicted by Goeden (1986) ie competitive exclusioc
"keystone’ species by less catchable and Tes
important spscies, did not appear tTo be occuring a
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TABLE {1 Species composition of catch taken durine taacing cperatnicons

Common nams MG % Specises hams

leopard coral trout X 80 34 Plectropomus leopardus
hussar x 42 24 Lutjanus amabilis
footbalier cod 23 14 Eoineahe]up fasciatus
redthroat swestlip x 21 12 Lethrinus chryscstcmus
honeycomb cod 8 3 Epinephelus merra

mosses perch 5 3 Lutjanus russeiii

brown maori cocd *x 4 3 Epinepheius unduiatostriatus
venus tusk 2 1 Chosrodon venuszTus
coronation trout 2 1 variola louti

purp?a speckled rock cod 1 1 Epinephalus Tilavccasr
iodine bresam 1 1 Gymnocranius bitorguzat
stripy bass 1 i Lutjanus carpcnctatus
salmon mackerel <1 Grammatorcynus bicarinatus

Several species

Several species
Katsuwcnis peiamis
Lutjanus argenftimacuiatus
Caranx 1ignobilis

Remora remora

Lethrinus mahsena
Lethrinus variegatus
Epinepheius microdon
Ablennes hians

Seriola lalandi
Epinephelus areolatus
Epinephelus summana
Lethrinus reticulatus
Scomberoides commersonianus
Cephalopholis miniatus
Symphorus nematophorus
Rachycentron canadus
Cromileptes altivelis
Agrioposphraena barracuda

wrasse
trigger fish

stripy tuna

red bass

Towly trevaliey
remora

vellow-tailed emperor
variagated emperor
small toothed cod
long tom

yellowtail kingfish
yellow spotted cod
speckle~-finned cod
reticulated emperor
queenfish

coral cod

chinaman fish

black kingfish
barramundi cod
barracuda

e e e e A NPT PR D R 00D 0 W O = (O

total 1769

* These four species made up 23% of the catch in number and an
estimated 90% of the catch in weight.







TABLE 2 Sp=cieg compositicon of the catch tzhken pricr To the
reef beira opened to fisning and in May 1928,
SPECIES % prior to % in May
opening 12322
coral trout 33.8 22.3
hussa 23.7 7.7
Tootba1(e cod 13.5 12,01
redthrcocat swestlip 1.2 17.2
all other cod 7.0 4.7
coronation trout 1.2 4.4
all mackerel CLE 1.2
red emperor 0.0 oL
all others 2.4 13,0
Sample sizZe 1783 3z
2.5.2 CORAL T=CUT MCOVEMEMT
An  analysis of movement of tTaggsd coral Ut Twearn fizhing
blocks at Boult Res? (figure 1) shows ztna 33 OT rscapiursas
trout were caught in the block in which released, 7% hzc cr
one boundary and 3% had crossed two boundaries. while thess
had been at iiberty for up to 90 days only, 1T appsars That 1n
general, movement around the reef is very limitec

Further evidence of limited movement of coral trout 18 the fac:
that the red (strawberry coloured) fish are aimest exclusively
caught in deep water while green fish are taken in shaliow watesr.
Experienced fishermen believe that change between these coiour
types takes place only very slowly.

During the experiment, no tagged fish of any demersal spec
were returned from reefs other than that at

tagged and it is felt that such inter-resf mi
to be significant.

If coral trout are indeed relatively ’site attached’, 1t leads to
the conclusion that localised depletion at heavily fished sites
is Jlikely to occur. Management measures designed to spread effort
and to protect reefs which are vulnerable due to their location,
accessability from good anchorages etc, may be required.

More information on demersal reef fish movement/migraticn over
longer periods 1is required.




The total area of Boult Reef occupied by the reso

reef crest on the inner side and the rset

boundary) con the ocuter side, is estimated to b= 3

A small percentage of the total resources is 1o

reef crest margin ie within the lagoon put this

the presant study as 1ittle or no Tishing occurrs

2.5.4 TAG DESIGN FOR REEF DEMERSAL FISH

Early in the tagging program, coral Trout were C©DSer in ©n
catch which  showed obvious tag wounds pehinc Tne nesz IT
concliuced that loop tTags in TN nocsiticn  ars particularty
vulnerable to shedding by being snagged on ocoral, LCoop Tags
placed at the tail end of coral trout ars far mors gurapls but
are also prone to bte shed. Beinssen (19231 snhows Thzt CVer a
period of up to a maximum of 9C days at larg 72% of coral Trout
initially doubie tagged at thz nsad and tail aenc wit: lcor Tas

hac lost one or both tTags.

In addition, loop tags as us=d 1in

the fish. Ths tagging wound was

formed.

Tags used 1in future studies of resf demersai spscies in
particular coral trout, shouid be o©Ff a design S} c )
snag and cannot move 1in the wound. It appears Tro

trials conducted 1in Capricornia that body ca

external streamers are suitable. Dart tags may als

2.5.5 STOCK ABUNDANCE ESTIMATES FOR CORAL TROUT

The ’recruited stock’ is defined as the population of fish
available to be caught; 1in this case the number oFf coral trout
at Boult Reef above the legal minimum size. Three independent
methods for estimating the recruited stock cf ccral trout azt

Boult Reef at the time of re-opening were employed.
* Petersen mark/recapture

Bailey’s formula as described by Pauly (1984) was applied to
obtain a population estimate. The potential sources of error have
been classified by Gulland (1969) and are examined in Appendix 1.

Appendix 3 summarises the data required fTor the Pete
population estimate. A total of 2136 trout were captured at Bo
Reef during the 14 day experiment. Of the 375 double tagged t
initially released at the reef, 83 were returnsd with at
one tag still attached and it is calculated (Seber 19HL,
3.2.3) that a further 10 were returned unrecognized
as both tags had been shed.
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cruilted trout is thus estTimatad
/= 873,

o
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The popuiaticn of re
a standard srror ot +

x Catch per unit effort analysis (Leslie method)
Pauly (1534) describes the methcd which raliss on the formula

c/f = gNo - g&t

Where ¢ = catch
f = etTfort
g = catchability cocefficient
No = 1nitial population size
t = cumulative catch to that psricd

Ags can be seen, this method assumes & linear cecline +n Ths
catch per unit effort with the decliine 1in stock abundance causec
by fishing (assume negligible natural mortality znd recruitmert
over the 14 day periocd of the experiment).

TABLE 3 Catch/effort and 'Lteslis Plci’® information

for coral trout taken at Boult Reef in the 14 davs

following re—onening

1 n T y <
DAY number effort effort =n /f cumulative
hours days : - catch

1 207 48.25 8 4.25 207

2 322 111.75 22 2.88 528

3 255 136.00 21 1.87 734

4 179 119.50 20 1.50 983

5 185 148.25 1 1.25 1148

¢ 154 286.25 50 0.54 1302

7 201 242 .50 38 0.83 1503

8 35 63.50 12 1.34 1532

9 78 79.50 13 0.9818 1665

10 162 138.25 33 0.82 1828

11 123 120.00 24 1.03 1951

12 102 267.00 25 0.38 2053

13 g0 111.00 22 0.54 2113

14 23 62.00 9 0.37 2136
. TOTAL 2136 1993.75 318

Table 3 shows data wused for the analysis. The data are plotted in

figure 3, which indicates a recruited coral trout population of
2260 fish. This estimate dis wunduly low and would mean tha

virtually ail coral trout at the reef had been caught since 2 CC
trout were known to have been taken. It 1is evident that the
assumption that catch rate 1is propertional to recruited stock




'Figure 3. ‘Leslie Plot’ fo‘xf__Qoral Trout caught at Boult Reef
during December 1-14, 1986.
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abundance is notT trus. However, a surprisingly consistent Tall 1in
the catch per unit effort with cumulative catch is apparently
caused by 1intensive fishing. Some possible mechanisms for this
phenomenon are discussed later in this report.

% Underwater cocunts conducted beforse and

Table 4 sets out results of the underwater counts taken by diver
before the resf was openad to fishing and again &after 14 days of
fishing.
Table 4 Underwater coral trout counts 1n block 4
Sub-blecck Relative Counts/5 min
code area
Pre-fishing Post~7isning
A 19 3,4,4,5 1,1,6,1
5,2,8,%2 1,1,%1,2
3,1.7,2
B 135 5,2.2.2 3,€,3.58
2,13.58
C 18 0,4,2,2 Z, .
2,5,6,5 3
0,2,1,2
D 21 12,6,14,3 5,4,0,2
10,4,6,18
E 23 0,3,7,2 Z,2,4,0
0,0,2.,0 3,2,4,0
F 18 1,18,1,5 17,5,2,1
Using the formula given above, it 1is calculated that Tishing caused

trout in block 4 at
of 4.63 prior to

a thirty percent fall in the average density of
Boult Reef, from an average relative density
fishing to 3.24 after fishing.

Although a precise estimate of the number of trout caught in block 4
is not available because some fishermen pooled their catch taken
from several blocks, it is known that block 4 received a greater
fishing effort than the others. It is estimated that 850 of ths 2136
trout taken came Tfrom block 4. This gives an 1initial trout
population in the block of about 2850.




Many error sources exist in underwater count survsys o©f this
nature. Nevertheless, the counts do confirm beyond doubt that after
2136 coral treout had been taken from the rssf, significzant numbers
stil1l remained. Thigs lends support to the Pstersen estimats of £5:13
fish in the recruitzsd stock at cpsninc and indicaizs that the Lesli=
estimate of 2280 fish i1s 1in error.

2.5.6 CCRAL TROUT CATCHARTILTITY

Figura 4 shows the Leslie pict of dztz obtzained gcuring the
experimant combined with the independentiy obtained Peterser
estimate of the initial trout population. A curve can be Titied
which indicates that & progressive decrsase in catchab:iity occurs
with removal cof fish Trom the popuiation.

The finding that catchability of intensively fTizhed ccoral troutz
populations decreases with fishing i surpgoortTed  en=cdota]
evidence. Experienced coral trout Tishsrmen rsagc That 17 =z
population of trout is Tfished veary 1intznsivsliy., res; ing fish in
the population wi;t procressiveiy go ctT tThe oD Tr Cscome
"hook-shy’. As &a result many Tishermen av jshi rTicular
reef for more than a day or =o, in orcer YnoThe T13h
shy’'. Fishermen report that 1if &a popul 3 ted aftar &
period of heavy fishing, it looses th sh trait  and
catchability again increases. '

It is interesting to ncte that on the third day of fishing &% Zcu’iz
Reef, most experienced fishermsn recognismd that the Tish hac 'gone
off the bite’. At this time, some tried ‘wogging’ (trciiing with =
feathered Ture) to induce fish to bite. However, this methed did not

improve catch rates.

The mechanism whereby fish become progressively Jless catchable
remains unclear. It seems difficult to accept what some fishermen
believe which 1is that fish learn to avoid baits by observing the

fate of others. Other mechanisms may bs postulated. Fish may simply
become less inclined to take bait iT there is a great deal of ncise
from vessels. Alternativeiy, fish remaining after a percentage of
the population  has been removed may hot feed while social
readjustments are taking place. An example of such a social
readjustment would be the redefinition of territorial bcocundaries.

A further possibility is that only a percentage of the population
is available to be caught at any ocne time. One such mechanism
relates to the feeding biology of coral trout. Unlike some
‘passive’ capture methods, fishing using hook and 1line depends very
much upon the feeding behaviour of the fish. Coral trout are

predators and 1ike many such species 1t is 1ikely that they feed
intermittently. It 1is postulated that at any time, only a
percentage of the recruited populaticon of coral trout are 1in
"feeding phase’ and hence available tc be cauaght by hook and line.




]

=
hypothesis is correct) is 0.8 {(slope 'c¢’ in Tigure 5

It is possible that virtuaily all trout in ‘Tee a it
Reef were caught in the first two weeks of fTisi b ish
(estimated by the Leslie plot) cut of 881& 71 3 the
Petersen method) were 1in fTesding phasse du e tail
period. Of these, 213& warse caught tﬁﬂa tezving  oni 1z4 erabis
Tish after day 14. This accounts Tor the l1ow catich rates tTowards tThe
end of the experimentai pericd.
The Leslie mode]l thus appiies to tThe ’'rscru’ stock’ in _feeding
phase iz there is a linear decliins in the ch per unit effort
with the abundance of stock in feeding phase
IT the above hyoothesxs holds, predicticns about Turther fishing at
Boult Reet (ie beyond the 14 days of tThe expsrimentT) <an bs mads
For exampie, 1f fishing intensity at the reef had remained hig
upper 1imit on catch rate could be predicted which is destsrmin
the rate fish are naturally entering the fesding sub-oopuia
A1ternztivsiv, if the population had been ’'rssted’ Tor a 2eri
new eguilibrium would have been estaclished betwsen Tseg ng anc
Teeding segments of the population. Ultimztely about ons guart
the remaining populaticon (about 150C¢C of the remaining £000 fi
would again be 1in f“eding phase. IT fishing had then resumed.
catchsa b11|tv wouid again have been high, as the vuinesrsza sagment
of the populaticnh was again removed. These s¢anarios are justratad
graphically in figure 4.
Thus, the rate which fish can De removed Trom ths popJdiaticon 18
governed largely by the dynamics of the numbers ¢f fTish entering
and exiting the feeding phase rather than soiely by the absolute
level of Tfishing effort bkeing appliesd to the populiation. This
mechanism could be readily modeiled and tested experimentaily.
If the mechanism described above is operating, it has very
important management implications. It means that ’'pulse fishing’ is
a very effective strategy for harvesting coral trout pcpuiaticns
since the catchability of the sub-population whiﬁh is feeding 1is
ery high. As previously noted, many ccmmercial shermen aireszady
deliberately operate this way.
Table 5 sets out details of the catch per effort over the first 14
days of fishing at Boult Reef and the estimated decline 1in density
of trout and these figures are plotted in figure 5.
Using fishing hours per hectare as the unit of Tishing intensi ,
the value for catchability for the whole populaticon 1is estimated at
0.15 (slope ’'&’ in figure 5). The most conservative value of 'g’
would te in the order of 0.05 (slope ’b’ in figure 5}. Fowever, the
catchability of the feeding sub-population (assuming the above
)

.
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Figure 4. Pathways towards ‘fishout' taken under
three theoretical fishing scenarios.
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Figure 5. Catch rate by density of Coral Trout
at Boult Reef (1-14 Dec. 1986).
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2.5.7 SIZE DISTRIRUTION OF CCRAL TRCUT

Size freguency distributions for coral Trout  caught 2T B8oultT ReeT
and at nearby FitTzroy ReeT betwesan Septemoer ana Novemper 1985, ars
shown in figuraes 6z and 6b. Tha2se indicate thnat ths averags siZ2 oOF
Trout atT 8ouit Best wi3s substantiaily grezTer LThan 2T nsar: FrTIrcy
Rsef, which hac bsen ccontinuously open TC Tishing

Figure 8¢  snows the length Treguerncy of 21 TrouT caushz e
Rzaf in May 1%82, atisr Lhs rs=f had Dbe cen Tor 1E 0 mon 2
Tigure cisarly shows & new cchort (ess1ti =g Trom Gosden o
e 2.3 vear oid Tisnh) growing into The acis  stochk. In r
19288, these fish would have been aged t© years and tToc sma )
represented in the catch.

it s significant Tnat the Tishery 1N Ma s 162
substantiatliy {apbcut 40%) on =& cchort <t T t

represantec in  Itne cztch 18 months =sariler. It apps

about 25% cof the conhort ©°F Tish avaiiabls 2T coenirg we:

this fact and a knowiadgs ¢ the growtn rats ©F <oras

189783, it acpears 1ikeiy that suosTtantizi grow of

cccurring. Mors detailad analysis of availabis d i3

It is ciear that 1tTns average <size (and aversa k
trout at Beoult RszeT at the tTime of 12 re-spsning T 30
substantially greater than at nearby Fitzroy Reset. Tns oSt 1K
cause Tor this is the 3.3 vyear closure of Roult Fzs7T to Tishing. 1T
is concluded ‘that the ciosure of Boult Reef to Tisnhing ¢-¢ result in
substantial rapienishment of coral trout stocks. However, ins
populaticn was very rapicdiy deplieted Tollowing re-cpering of Ine
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The experiment relied on the co-operation of the Tishing public,
particuiariy to keep 1og-pDooOkK recoras and return tadgs For this
reason, considerablie effort was made to pubiicise the work pricr To
the reef being opsnsd. Prizes for returning tags ana for record
keeping were offsred and a $5 reward was paid for esach tag returnsd.
Ultimately howsver, the fact that the monitoring team was
continuously present at the reef to issue and receive lcg-books and
tags and to explain the expsriment to participants proved to be the
most valuable incentive for people to co-opesrate. On-sit
supervision must be planned into any future work of this nature.
Promise of feedback of results was aliso very important as an
The dJevel of public co-operation was

incentive for co-operation.

close to 100%.

The design of log books was felt to be tco complicated sincs it
involved reccrding catch and effcrt Tor each Tishing Liocck as weil
as a taily of catch and eaffort each thres hours (see Appendix Z..
Thus participants had to be aware of poth Time and Tishing iocation
in detail. For tTuture werk of this kind. th= log ©books need to be
simpiifisd even though this would msan a icss of information.




Figure 6. Size frequencies of Coral Trout.
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A major benefit coming from this work was the opportunity for
extension contact with users which it provided. Extension took the
form of media publicity before and after the experiment, face to
face contact  at the reef with many important users including
commercial fishermen and charter vessel operators and publication 1in
popular form of the results. Every participant was sent a summary of
results soon after the completion of the experiment.

The project demonstrated to all levels of staff involved that a
major side benefit of monitoring work 1is the user contact
opportunities afforded. The conduct of high profile monitoring
projects which involve the public directly (a stated GBRMPA
objective) should be recognised by senior Q.NPWS and Authority staff
as a legitimate public contact tool for day-to-day management staff.
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APPENDIX 1

Discussion of potential sources of error 1in
population estimates based on the Petersen
capture/recapture technique

Gulland (1969%) describes a number of error scurces
which may arise in tagging experiments. These errors
are discussed below in relation to the experiment at
Boult Reet

* Death of fish immediately after tagging resulting
from the tagging process

No direct evidence of this type of mortality was
observed. Almost all coral trout tagged were returned
to the water within 30 seconds and upon release swam
off strongly. Tagged fish were observed by divers on
many coccasions and appeared to be behaving ncrmally.

* Incomplete reporting of tags recaptured by
fishermen

During the first 14 days following the re-opening of
Boult Reef to fishing, a survey team was continuously
present. The experiment was explained and a daily
fishing log was issued to every person fishing at the
reef. Completed log books and tags removed from fish
were collected daily and 1in many cases the catch of
individual vessels was sorted and measured by the
survey team. To further encourage returns, $5 was
paid for each tag returned ($10 for both tags from a
double tagged fish) and a tag returned also provided
one chance in a raffle for a substantial prize. The
possibility of significant non-reporting of tags
returned in the first 14 days of the experiment can
thus be disregarded.

¥ Loss of tags from the fish

Evidence of tag 1loss was obtained during field
operations early in the project. Some coral trout in
the catch showed clear signs of having been tagged
earlier.

Coral trout 1in particular, are often scarred above
the head 1in the region where the lcop tag is applied
and it is now <clear that their habit of swimming
through coral makes a loop tag 1in this position
particularly vulnerable to being snagged and lost.

When this became evident, alil coral trout




subsequently caught were double tagged, with a second
loop tag being applied to the tail end of the fish.
Tail loop tags were much less vulnerable to being
shed (see appendix 3). In all, 201 coral trout were
released with one tag at the head end and 375 were
released with a head and tail tag. Only three tags
from fish 1in the former group were returned and this
group has been excluded from the analysis.

Appendix 3 shows the return rates of various
categories of tagged coral trout. Using these
figures, a correction factor for those fish which had
lost both tags and were therefor unrecognizable in
the catch, can be <calculated (Seber, 1982, Section
2.2.3). This factor is 1.12 and the total number of
fish recaptured of those 1initially double tagged is
therefore 83.

Over a pericd of up to a maximum of 80 days at large,
72% of coral trout 1initially double tagged had lost
onhe or both tags (Beinssen 133%).

* Greater mortality of tagged fish as compared with
untagged fish in the population

No direct evidence of 1increased mortality caused by
the presence of a tag 1is available. Tagged fish
observed by divers seemed to behave normalily.

An observation on the use of loop tags was that since
they tended to remain mobile in the fish, the tagging
wound tended not to heal well and severe ulceration
at the site was observed to occur in some cases.

* Emigration of tagged fish

During this experiment, no evidence for immigration
or emigration of coral trout was revealed. Only
Timited movement of coral trout between blocks at the
reef was recorded and no tagged fish were returned
from nearby reefs. This error source can be
disregarded.

* Tagged and untagged fish not equally vulnerable
to fishing

It 1is 1ikely that there are differences between
individual fish in the population in relation to the
taking of bait. It 1is therefor possible that the
tagged sub-population 1is either more or Tless
‘catchable’ than the whole population on average.
This is discussed in detail in Section 2.5.6 of this
report.




For this experiment, fish were tagged over three
separate weeks which were widely spaced 1in time. 'It
is assumed that by the time the public began fishing
at the reef, feeding and non-feeding fish were
represented in the tagged sub-population in
naturally cccurring proportions.

¥ Tagged fish not uniformly mixed with the untagged
population

Particular care was taken to distribute the tagged
fish wuniformly 1into the wuntagged populations by
applying even fishing intensity (effort/unit area)
around the reef and tagging all viable fish caught.
Any movement of tagged fish would also assist the
mixing process. Further, the fishing public selected
fishing sites without a knowledge of the distribution
of tagged fish. There 1is thus no reason to suppose
that this form of bias exists in the data.




APPENDIX 2

Example of fishing Tog—-book issued daily to
participating fishers at Boult Reef




Date o Time et

Serial
No.

DAILY FISHING LOG
Boult Reef

Queensland National Parks and Wildlife Service.

Please take a few minutes to record your catch and fishing times. Record
this information each time you move your boat to a new fishing block and
at the following times each day.

6 a.m.

9 a.m.

12 noon

3 p.m.

6 p.m.

12 midnight

Please hand this completed log back at the end of each fishing day, before
leaving Boult Reet.

To become eligible to win the prizes bemg offered, please fill out the space
below.

Name:
Address:

Telephone Number:....oc.
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12 midnight fo 6 a.m.

If you fished at Boult Reef between the above times, please fill out this page

Please record your fishing locations, fishing time and catch.

NUMBER OF FISH CAUGHT AND KEPT F'SHBK%!;{(OWN
EXACT - 2 @
TIME S 3 .9 m | £, 1 2%
FISHING | SPENT @ 4 E 2a | £ S| 88| 2¢ o
BLOCK FISHING 5 | 6% 2 5o | B9 @ -8 | =9 | 0| ©3 5
<} e <3 e R o Q = O 3 o E =Q =0 oL —£
O | OF 35 Lo <O T O W <» <O Or <O

(see map)} Hrs : Mins

S W DN

Please record the length in centimetres of each Coral Trout caught,
from the tip of the snout to the fork in the tail. Use the tape measure
provided. :

Please record any tagged fish caught (or fish with tag scars).

SERIAL

TAG NUMBER SPECIES LENGTH BLOCK

Please indicate on the map,
exactly where each tagged fish
was caught.




6 a.m. io 9 a.m.

If you fished at Boult Reef between the above times, please fill out this page

Please record your fishing locations, fishing time and catch.

NUMBER OF FISH CAUGHT AND KEPT F'SHBR%F&OWN |
EXACT c 3 ©
TIME S k3 - I
FISHING | SPENT _ g g |3 2o | & ° 188 | £5 | __ 0
BLOCK | FISHING €31 €3] & |89 |B%g| & |ge|28|0t)vTs | _¢2
(see map)| Hrs : Mins 8= | 8& 3 e8| £8 Z e5 1 28| 28] 82 =5

G G )| DI e

Please record the length in centimetres of each Coral Trout caught,
from the tip of the snout to the fork in the tail. Use the tape measure
provided. '

Please record any tagged fish caught (or fish with tag scars).

SERIAL
TAG NUMBER SPECIES LENGTH BLOCK

Please indicate on the map,
exactly where each tagged fish
was caught.




@ a.m. o 12 noon

If you fished at Boult Reef between the above times, please fill out this page

Please record your fishing locations, fishing time and catch.

NUMBER OF FISH CAUGHT AND KEPT F!SHBT,'\%?(OWN
EXACT 2 i
TIME s 5 - N
FISHING | SPENT 3 % ¢ |3 2o | £ ° | 88| 25| __ o
BLOCK | FISHING 531 83| & | 83|55 & | ge|=g|Cef®Eg | _8
(see map){ Hrs : Mins 3= | 8& 5 eS8 | 8 = o | 8| 28| 82 25

Please record the length in centimetres of each Coral Trout caught,
from the tip of the snout to the fork in the tail. Use the tape measure
provided.

Please record any tagged fish caught (or fish with tag scars).

SERIAL
TAG NUMBER SPECIES LENGTH BLOCK

Please indicate on the map,
exactly where each tagged fish
was caught.




12 noon to 3 p.m.

if vou fished at Boult Reef between the above times, please fill out this page

Please record your fishing locations, fishing time and catch.

NUMBER OF FISH CAUGHT AND KEPT F'SHB'R%!?(OWN
EXACT 2 3
TIME s 5 I T 4
FISHING | SPENT S 0 E 20 £ g 88 | 25 B 0
BLOCK FISHING ® ‘g S ‘g ‘é g3 EB § 28 = § S 2 55 B
(see map){ Hrs : Mins 8& 8= g 28 =3 2 ek & =8 32 =5

Please record the length in centimetres of each Coral Trout caught,

from the tip of the snout to the fork in the tail. Use the tape measure
provided.

Please record any tagged fish caught {or fish with tag scars).

SERIAL

TAG NUMBER SPECIES

LENGTH

BLOCK

Please indicate on the map,
exactly where each tagged fish
was caught.




3 p.m. to 6 p.m.

If you fished at Boult Reef between the above times, please fill out this page

Please record your fishing locations, fishing time and catch.

NUMBER OF FISH CAUGHT AND KEPT FlSHBZ%QOWN
EXACT . 8 5
TIME g 3 N s 2,1 23
FISHING | SPENT 3 s 2 E 3z ¢ S| cs| 2| 0
BLOCK FISHING €5 | o3 2 | 25| B3 2 g8 23| S 2 | =3 g
(see map)f{ Hrs : Mins 8& = g 28 | 28 e 2k =& =3 SE 55

ARSI R VRS B

Please record the length in centimetres of each Coral Troutcadght,
from the tip of the snout to the fork in the tail. Use the tape measure
provided.

Please record any tagged fish caught (or fish with tag scars).

SERIAL
TAG NUMBER SPECIES LENGTH BLOCK

Please indicate on the map,
exactly where each tagged fish
was caught.




]

é p.m. fo 12 midnight

If you fished at Boult Reef between the above times, please fill out this page

Please record your fishing locations, fishing time and catch.

NUMBER OF FISH CAUGHT AND KEPT F*SHBEj:?(OWN
EXACT - 8 ©
TIME S 8 I | £, 23
FISHING | SPENT B S ¢ | = 2g 1 5 S| 82| 55| __ ®
BLOCK | FISHING 31 23| & |83 | 53| & |ge |28 |9t €3 | _¢8
(seemap)f Hrs : Mins | S= | S| 5 |88 | 28| £ | &4 | 26| 28| 8= | =8

O o | | B e

Please record the length in centimetres of each Coral Trout caught,
from the tip of the snout to the fork in the tail. Use the tape measure
provided.

Please record any tagged fish caught (or fish with tag scars).

SERIAL
TAG NUMBER SPECIES LENGTH BLOCK

Please indicate on the map,
exactly where each tagged fish
was caught.




About you and your fishing gear.

1. Were you spearfishing, line fishing or both?

2. If line fishing, what bait(s) did you use?

Pilchards %
Fresh Cut | %
Other %
Wogs/lures %

Hook size used mainly?

Did you use mainly gangéd hooks?

Weight of line used mainly?

3. Are you a member of a fishing club?

4. How experienced at reef fishing are you?

Never reef fished

Reef fish once per year or less

Reef fish 2 - 5 times per year

Reef fish 6 or more times per year

5. Are you licenced as a commercial fisherman?




Please return this completed book to the Marine Park rangers or if this

is not possible, post to:
Queensland National Parks and Wildliie Service

194 Quay Sireet,
Rockhampton, 4700.
Telephone: (079) 27 6511

Thank you for. youn

14\ ROCKHAMPTON PRINTING SERVICE
DL'\J “Fine Quality Printers™




APPENDIX 3

Release and recapture information for tagged coral
trout at Boult Reef

A total of 604 coral trout were captured for tagging
at Boult Reef, prior to its re-opening. OFf these, 27
were inadvertently killed (4.5%) and one was
reieased without being tagged.

A total of 201 trout were tagged with one tag only
placed at the head end of the fish. It became clear
during the second tagging trip from the number of
Tish with tagging marks being recaptured, that tags
were being lost. It was therefore decided that most
fish henceforth would be doubie tagged, at both the
head and tail end.

Subsequently, only three single tagged fish were
returned in the first fourteen days of fishing. It is
clear that tags in this position are vulnerable to
loss by being shagged on coral. 8Single tagged fish
have thus been excluded from the analysis.

A total of 375 double tagged trout were reieased at
the reef. Of these, the following numbers were re-
captured in the first 14 days of fishing:

Fish returned with both tags 26
Fish returned with tail tag only 52
Fish returned with head tag only 5

Total fish returned 83

A correction factor for those fish which had lost
both tags (and therefore unrecognizable in the catch)
needs to be calculated as described by Seber (1982),
Section 3.2.3. This 1is ~calculated at 1.12 and the
total number of fish recaptured is thus calculated as
83 1ie 10 tagged fish are estimated to have been
returned unrecognised. A total of 2136 trout were
caught in the first 14 days.

From the above information, a Petersen estimate of
the total recruited population at opening 1is
calculated at 8613 with a standard error of +/- 873.




