












become increasingly targeted if catches of the larger, most desirable species, decline or if
markets for smaller fish are developed, include: Lutjanus adetii, L carponotatus, L russelli, L
fulviflamma, L kasmira, L quinquelineata, Lethrinus atkinsoni, L harak, L laticaudis, L.
lentjan, L obsolelus, L. olivaceus and L ornatus.

12.7 Summary

I. Management of the commercial reef line fishery is the responsibility of the Queensland
State Government through the Queensland Fish Management Authority/Queensland
Department of Primary Industries. Management of the reef line fishery on the GBR is carried
out in unison with the zoning plans set up by the GBRMPA. Effort is controlled by a ceiling
on new commercial licences but considerable c1atent effort exists within the existing industry.
Some gear restrictions apply but no catch quotas. Minimum size limits apply and these are
currently under review by QFMA. A management plan has recently been proposed for the reef
line fishery (Gwynne 1990) and this is under review.

2. Management of the recreational reef line fishery is the responsibility of QFMAlQDPI also.
Again, management of the fishery on the GBR is carried out within the framework of the
GBRMPA Zoning Plans. No controls on effort in the recreational fishery currently exist.
There are some gear restrictions but no catch quotas. Bag limits have recently been proposed
for the recreational fishery (Gwynne 1990) and this is currently under review.

3. The Zoning Plans of the Great Barrier Reef Marine Park Authority were first introduced in
the Capricornia Section of the park in July 1981, with the entire GBR under Zoning Plans by
July 1988. No direct assessment of the effect of zoning on the reef line fishery has been made
but many potential advantages and disadvantages are recognised. Reasonable evidence exists
that closing reefs to fishing increases average size and perhaps density of target species.
Whether such effects influence fishery yields outside the closed areas awaits research on the
extent of interchange of fishes (both larvae and adults) between closed and open areas. The
zoning does provide a very good basis for conservation of stocks of reef fish. Experience from
the reef fishery in the US Southern Atlantic supports this contention. This fishery has a history
of about 15 years of fisheries research on target species, and in teoos of reef fish demography is
probably the best studied reef fishery in the world. However, lack of success in controlling
effort has reduced spawning stock biomass of target species to dangerously low levels. The
management plan proposed to address this problem had as its central focus the pennanent
closure to fishing of 20% of the continental shelf of the US Southern Atlantic. This was
proposed as the best strategy to conserve spawning stock biomass. Such experience suggests
that the original strategy of Zoning Plans for the Great Barrier Reef by GBRMPA was a good
one in terms of long-term conservation of stocks of reef fish of commercial and recreational
fishing interest.

12.8 Studies in Progress

(i) Consideration of the management plan for the reef line fishery fonnulated by QFMA
(Gwynne 1990).

(ii) Review of minimum size limits by QFMAlQDPI.

(iii) The GBRMPA Effects of Fishing Program. This was funded initially in 1991 and a
coordinator was appointed at GBRMPA in 1991 (Dr. Bruce Mapstone). The program could
potentially run for 10 years. The objectives of this program are:
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a. to determine the effects of line fishing on reefs, of trawl fishing in inter-reef areas
and C?f the combination of trawl and line fishing on the abundance of particular
species, such as coral trom, that are directly impacted by fishing;

b. to describe the effects of line fishing and trawl fishing and the combination of both
on species that are not directly affected by fishing but may be indirectly affected
through ecological processes; .

c. to determine how populations of particular reef organisms recover when reefs are
closed to fishing; and

d. to determine the effects of inter-reef trawling in the timing of such recovery.

Part of the Effects of Fishing Program will involve a multi-institutional study based around the
general, large-scale experimental concepts defmed by Walters and Sainsbury (1990) that arose
from an initial workshop on the 'Effects of Fishing in the Great Barner Reef Region' (Craik et
at 1989). The general experimental concepts proposed involved some direct tests of the effects
of reef closures on stocles of reef fishes and upon reef fisheries.

(iv) The GBRMPA Reef Monitoring Program. The objectives of the program as stated for
1991-92 are:

a. to detennine the effects of zoning provisions and uses during the life of Zoning
Plans;

b. to detennine the abundance of representative reef organisms and magnitudes of
variability in population density and distribution;

c. to determine the effects of pennitted uses of the Marine Parle on the Marine Park
and adjacent areas e.g. tourist developments.

Results from this program will have direct relevance to the effectiveness of the zoning strategy
of management.
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Table 18 Summary of information relevant to zoning of the Great Barrier Reef Marine Park and relevant to the reef line fishery on the GBR, 1991. Green
= Marine National Park B Zone; Orange = Scientific Research Zone; Pink = Preservation Zone.

Marine Marine Start of Max. Approx. No. Approx. No. of Reefs Closed To Total Closed % Closed To
Park Park Operational Duratio of Reefs* Line Fishing* To Line Fishing Line Fishing

n
Section Area (km2) Zoning of Reef Green Orange Pink Replenishment

Closures
(years)

Capricornia 12.000 July 1981 10** 21 2 1 I 2 6 28.6%
Mackayl 125,000 July 1988 3 578 78 0 6 2 86 14.9%
Capricorn
(minus
Capricornia)
Central 77,000 July 1987 4 279 44 1 7 15 67 24.0%
Cairns 35,000 Nov 1983 8 150 20 3 4 14 41 27.3%

-..l Far Northern 83,000 Aug 1985 6 443 \27# I 8 6 142# 32.0%\0

TOTALS 344,000 1471+ 271 6 26 39 342

% of TOTAL REEFS 18.4% 0.4% 1.8% 2.7% 23.3%

* True Reefs ~ I km maximum dimension (i.e. excluding shoals, patches, banks): determined from GBRMPA zoning maps.
** Some sites on Heron Island protected since 1974 (I.e. 17 years protection).
+ GBRMPA computer records list> 2900 (S.Hillman pers. comm) but many would be too small to attract separate zoning in their own right in most

situations.
# Includes 94 Green reefs on Cockburn Map BRAQ I02 in the Far Northern cross-shelf transect.



Table 19 Potential advantages and disadvantages of the use of long·tenn spatial closures to
fishi~g in management of reef fisheries (adapted and modified from Plan
Development Team 1990)

I.

2.

ADVANTAGES

Reduces ebnct of rec:ndODeat ovufisbiag by
maintailllq a eritkallpll_inC st.odt biomass: A
core of spawning stock in areas closed to fishing
pocentiaily eM SllJlply fished areas with recruiu
because: of lhc: great dispenal cap.ability of larvae: of
red fishes. Ensures recruitment supply even if
fished areas arc: exploited heavily, and c:spc:cially
undc:f environmental unccnainty.

POlelllJar lone-term maintawtc:e or eTCD
enhancemenl or rw.eria yield 10 broad .-egioeal
areas by larval dispersaL Areas dosed to fishing
allow incliyiduals to liye longer, grow larger and
!hus become. more fecund. Such increases in
fecundity may enhance recruitment in fiShed areas
and thus compell$l.te for the reduced area available
for fisbina:. Closed areas should proyide a ready
source of supply of larYle to fiShed arus
downstream.

I.

3.

DISADVANTAGES

Concentrate lishi.rlg erron 011 a Imilier portion
ollhe stock. The "me total effon that woold
have been applied in the absenec of spatial
closures is applied to a smaller area. increasing
fishing monalily in open areas.

Less 01" th~ stock is avMlabk to rlSbermen,
possibly ndadng short-tena fisheries yield.
Spatial closures will have immediate impacts: on
existin, fisbing. carcb may decline aDd patterns
of distribution of cITan and weh will change in
ruponse 10 Jpatial patternS of closures.

A.y beHfiu 10 lbe fisbnia lDlIy manifest
tbcatsdva only In lbe loD&·term, Maintenance
or enhancement of yield through lIliI.intenance of
recroitment or mivation of adult fishes from
closed 10 open aru.s arc: liuly only to occur over
years to decades.

J. Provision of uDd1s1W'bed spl'wnillgl'brudlng
grounds for fisbes. For uampk;, protec:tion of
siles of spawning aggregations of species of
commercial and recreational fishing significance.

4, Malntenanct of Intra-spedfk genetie diyersity.
Long·tenn geDelic benefils accr1le with fish
papulalions inside closed areas retaining at least 50flle
long· lived individuals. Allows maintenance of longer
generation times within the gene pool.

S. Provides unfi!OhC'd populallons tor scientific
reselrdt. Allows estimation of such things as natural
ratcs of mortality and growlh, nalUrallongeyity,
natural age and size structures, natural fecundity, size
and age at first reproduction and sex change. and (if
the areas were of a scale equivalent to that of larval
dispersal) natural fales of recruitment. Other
infonnlltion such as natural standing Stock and
densities could be delermined and experimental catch
rates in unfished populations could be measured.

6. Mainlenantt or posslbl~enhancem~ntor rtsherie5
yield 10 a~as adjac~nt to th~ closed lreas via adult
emigration. Closed areas may provide a 'growth
refuge' where fish under F = 0, survive grow and
perhaps later move into fished areas. Movement to
fished areas can be either directed (emigration to
fished areas) or random across boundarics of closed
lopen areas. Both can enhance yield-per-reauit Md
100al yield to unfished areas under bigh levels of F in
fished areas (8everton and Holt 1957). Requires
detailed knowledge of movements of adult fish.

7. Prolection of community/ecosystnn stntctu~ and
thus maintenance o£lnt~rspecifkgenetic div~rsity.

a. DltI colledion needs for _I&~_ntIre reduced
and mJInlgem~ntoccurs wilhout complele
Information and understanding of population
paramd~nof ~v~l)' species. nor of inleractioDS
between sp~c:Ies. Undu single·species fisheries
managemenl, detailed infocmatlon of population
dynamies is required. MaRll,!,ement ean proceed
without such details.

4.

,.

6.

7.

8.
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Closed areas crated an inereased inc:entive
tor ddlbual~poac:bbt" Areas closed to
fishing are likely to eyentually sustain larga­
populations of larga- fishes. often with high
calchability. If surveillance is nol adequate, the
lemplalion 10 poach is enchanced.

Increased ned! for intense surv~lIIanc~and
~nforame:nl. Closed areas will reqllire intense
su.....eillance to prevent poaehing is tOO freqllenl,
any benefits predicted by management may not
ari~, erealing problems of management
credibility. At sea surveillance and enforcement
is ellpensive. Costs are greater than dockside
enforcement but less than those required to
enforce bag limils, size limits elC.

Sirong local reslstanc~ Is likely In those
specmc lreas where closures Ire proposed.
Many Iishennen support spatial closures to
fishing but most would prefer them to be
anywhere else excepl whcre they normally fish.

Unttr1alnly concerning th~ siu,loc.ation and
number of spatial closures to ~nsu",

persistence of red fish~ries. Areas closed to
fishing must be sufficiently large to support a
b£ecding population with a stable age structure.
Detailed informalion on current pauems may be
required for opcim.llocation of closures.

LoRl;-le:rm Illd d~.."cd research rtquiJri 10
justify spatial closures. In additiort to details of
CUffenl patterns, resea.n;h on minimum 5pIlWlling
Stock biomass to maintain a reef fishery may be
required 10 determine the eJ.lent of c1osures_ In
the US Southern Atlantic, researchers calculated
that a minimum of w.; of ~e roef fish spawning
was required to llUIintain the fishery.



9, Direct ecoROmk beaefiu tJlroup tourism. Areas
closed [() fishing such as marirte: pam gencnte
secondary eoonomic benefits such as tourism, diving.
snorkelling, underwater photognphy, edocational
group visits, elc.

10, The cotteept is easily nckntandaMe by the~I
public and more easilyaccepCabk Uwt some other
managemellt dratqies. Public awareness and
support will assist in the success of closed areas.

II. SurnillaDCe and worumeat are simpUrted. Areas
closed to fishing are easy to wget in public education
programs. Violations can be detected by surface or
aerial surveillance, oflCn with public participation.
Enforcement avoids problems associated with
measuring fish sizes. species identification,
detennining if appropriale gear has been used and
delennining if quoles have been exceeded.

11. Protection of nsh habitat. If some types of fishing or
other activities arc dcstnlClive to fish habitats closed
areas may prolCCl such habitlts, perhaps enhancing
recruitment. Protection of estuaries which act as
nursery areas for offshore fisheries is a common
aample.

13, ProYide some insuraace aplAst managemenl and
reauibneDt failuns, Havin&: areas closed to fishing
is a 'bet-hedginJ' Sfntegy. Conventional fisheries
management Sb'lltegies are implemented outstde tbc:
closed areas and if lhesc fail to control efTOI1 and
catch, the populations in closed areas act as insurance
to management failure.

14. Have equitable impact among fishery users. Under
most ciccumstanees. dosed areas do not allow fishing
by either commercial or recreational fishermen.

IS, Large resldenl fishes that slny outside reserves
may help maintain «rtaln trophy Osheries.

16. Provide areas for educaUonal use, Such areas
provide examples of 'undisturbed' habitats and
communities.

17. Reduction orinadverttnt fishing mortaUty_
Morta1ity caused by embolisms. hook wounds,
infections, etc, occulTing during the processes of
capture and subseqUCllt release are eliminated. This
applies equally to both target species and bYClltch.
Capture of bycatch for bait is eliminated also.

18. Reduces ttmptation off'lsbenlten 10 violate laws. In
nonnal situations, fishermen are often tempted 10 keep
urtdeniz.ed or ovc:csized fish or to cxceed catdt quotas.
In closed areas where fIShing is prohibited. such
temptations for 'incidelUl poaching' are reduced.

19. can be wed &!I sources ofbroodstock for
aquaculture.

20. Can be: used as sources ofjuvmlleslsub-adults for
supplemental rutoddn& of dep~td anas.
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9. Unliktly to be useful for highly RlIlgralory
species. Most reef fisnc.s are relativdy sedentary
as adults although our knowledgc of movcment
pauc:ms of rcef fISh of commercial and
recrealional fidling signifICance is very limited.

10, Resisluee of fJshtries ."UlUS to 'aew
approadles', Long-tenn spatial closures to
fishing have DOl oflett been used as a common
pan of a fisheries management policy. More
irltensive application of tradilional approaches is
likely rather than adoption of'new' approaches.

11, Conf1ict.s with other Dshuyflluagement
plans. Co-ordinalion with other fishery
management plans would be required. For
example. spatial closures for a reef demersal
fishery may impinge on manalement of a troll or
trawl fishery. The fisherics may inlcrtlCt directly
or indi~ly and this will have 10 be taken into
account in dcsigning a management plan which
illCludes spatial closurc.s.

12. Closed areas should Include alllaabitau
Qlxcssuy for mainteaance of all Ufe-history
Nges offlsh. For examplc, a closed area may
have to include reef ~jaccntestuaries,
mangrove forests, sugrass bed5, etc. This is
likely 10 require large areas.

13. Large areas as in 12.."u1 SpaR coastal oCtshore
areas, aDd tIIus mean thai both state and
feder.lljurisdkUon apply. CO-OPCl1ltioo
between SbllC and Federal o'1aniAtions will be
required_



Table 20 Summary ofevidence for effects of spatial closures to fishing or reduced fishing
pressure on stocks of reef fishes on the Great Barrier Reef.

Year Ref......,.

1976-1980 Goeden (1979, 1982,
1986)

1977 Goeden (1977, 1978)

1977 Goeden and Blackford
(1977)

1979 Craile (19790, 1979b
1981.. 1986)

1979-1980 Craik(l98lc)

Nature or Study and Evidence

Scuba manta-towing of76 reefs from Melville Passage to
Heron Island. Population density indexes of coral trout
suggesting fishing was reducing coral trout densities
significantly, panicularly Plectropomus leopardus.
Showed a significant correlation between coral trout
density and distance from centres of human population
(Cairns). Proposed that Pleclropomw was a keystone
species and that fishing, in reducing its density, affected
'community flux' of other predatory species of reef fish.

Used visual census at Heron Island to show that coral
trout density was 68 per hectare on unfished area
compared with 35 per hectare at fished area (densities
down to 3 per hectare in fished areas).

Scuba manta-towing of Wheeler Reef. Suggested fishing
pressure moderate because of low numbers of coral trout
perceived to be in the 3-5 year range.

Analysis ofcatch rates of recreational fishennen. Catch
rates increased with distance from Cairns.

Visual census of 13 Capricorn and 7 Bunker group reefs.
Density of coral trout markedly higher at unfished sites
on Heron Island (up to 98 per hectare) than fished sites at
both Heron and a large number of other reefs (densities
6-52 per hectare). Mean length much greater at unfished
sites (48.5 cm 11.) than fished sites (38.9 cm 11.). Sites
on Heron Island protected for 5 years.

1983

1983/84

Ayling and Ayling
(19830)

Ayling and Ayling
(1983,1985)

Visual census of coral trout on 44 reefs in Cairns Section
of Marine Park. Compared reefs with relatively high and
low fishing pressure. Reported a small but significant
(p per ha on fished reefs, 29 per ha un fished reefs).

Visual census of coral trout on 12 reefs off Townsville
(1983) and 42 reefs in the proposed Central Section of
Marine Parle (Dec 1984). Mid-shelfreefs in the northern
pan of the Central Section grouped into high and low
fishing pressure reefs. Density of coral trout
significantly higher on low fishing pressure reefs (51
per hal than high fishing pressure reefs (29 per hal (p size
structure not detected between high and low fishing
pressure reefs.
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Yea.

1984/85-8
6

1984

1984-85

1986

Reference

Ayling and Ayling
(l984a, 1986)

Ayling and Ayling
(1984b)

Dinesen et al. (1985)
Dinesen (1986).
Osborne et al. (1986)

Beinssen (1989a)

Nature of Study and Evidence

Visual census of coral trout on 10 reefs in the Swains
(1984) and 30 reefs in 'he Capricornia (Dec 8Han 86).
Reefs protected from fishing for 2.5 to 12 years. No
significant difference in density of coral trout between 6
fished and 6 unfished sites. Mean length significantly
greater at unfished sites (44.6 em lL) than fished sites
(35.7 em TL). Noted that recruitment appeared higher at
fished sites.

Visual census of coral trout on 29 reefs in proposed Far
North Section of GBR Marine Park. No major
inferences made about differences in density or size
structure on reefs of different fishing pressure.

Queensland National Parks and Wildlife Service visual
census of coral trout on 13 reefs in Capricomia (some
more than once). Differences in densities demonstrated
between fished and unfished reefs. Some evidence for
larger sizes on unfished reefs.

Detailed study of pulse fishing of Boult Reef in
December 1986. Reef had been protected from fishing
(as a Replenishment Area) from 1 July 1983 ( a period of
3 t 12 years). Average size of coral trout at Boult Reef in
SeptemberlNovember 1986 significantly greater than at a
nearby fished reef (Fitzroy) and significantly different
from that at Boult Reef in May 1988. after 18 months of
fishing. Using tagging studies. intense pulse fishing
shown to reduce standing stock of eorallrout by 25% in
14 days. Fishing reduced stock to 75% of that in Nov 86
by May 1988. Catch rates in the first 3-4 days after the
opening were generally much higher than those recorded
on open reefs. Visual census before and after fishing
estimated a decline of 30% in density over 14 days. This
predicted a catch of 2583 fish from an estimated total
8613 (;873 SE) in 342 hectares. Actual catch was 2136.
indicating that a relatively crude visual census technique
detected fishing effect very well. Stock size estimated by
3 methods - Petersen mark recaprure. Leslie Depletion
method and visual census. Leslie method unreliable
because of distinct reduction in catchability after 3..4­
days of intensive fishing. First estimate of catchability
(q) for coral trout (0.15). Clear demonstration that catch
rates are not necessarily a good indication of coral trout
density. Catch rates declined sharply after 3-4 days of
intense fishing but visual census confirmed that up to
70-75% of initial stock remained. Clear demonstration
that protection from fishing for 3-5 years increased
density and average size and that such removal of
protection eliminated such effects in 1.5 years.

83



Yea.

1989

1990-1991

1991

Reference

Beinssen (1989b)

Russ Laycock. Ferreira
(unpub. data)

Ayling and Mapstone
(1991)

Nature oCStudy and Evidence

Detailed study of patterns of movement along a 4 kIn
stretch of the northern slope of Heron Island. Designed
to sample 4 500 m blocks in Marine Park B (closed to
line fishing) and 4 500 m blocks in Marine Park A (open
to line fishing). Size frequency distribution of coral trout
in closed area with far more large fish than size
frequency distribution in area open to fishing. No such
pattern for sweetlip emperor. Catch rate of coral trout
3.6 times higher in closed area but visual census
suggested ratio of trout density in closed to open area
was 0.78. Catch rate of 5weetlip emperor 3.6 times
higher in closed area and visual census suggested ratio of
density in closed to open area 5.6. Thus. in one case,
CPUE did not reflect density as measured by visual
census and for another species it did. Catch rate for all
species 3.1 times higher in closed area. Catchabilityof
both coral trout and sweetlip emperor declined with
duration of fishing over 15 hours sequential fishing.
Detailed movement patterns recorded (see Section 8).
About 29% of coral trout moved from release block in 3
weeks. Concluded that 'significant leakage' or coral trout
occurred across closed/open boundary. Concluded that
Marine Park BfA split zones at Tyron, Nonhwest,
Masthead and Lady Elliot were such that closed areas
were too small to be effective at maintaining stocks
unaffected by fishing.

Line fishing on 2 reefs open to fishing and 2 reefs closed
to fishing off Townsville twice per year over 2 years
(1990, 1991). Reefs closed since July 1987 (ie. 3-4 years
of protection). Each reef fished for one day
(approx. 6-7 hrs) by 4-5 fishermen on one charter boat on
each occasion. Catch rates of corallroul and sweetlip
emperor approximately 2-3 times higher on closed than
open reefs. 'Length frequency distributions of coral trout
not significantly different between fished and unfished
reefs. Comparisons of age structure on fished and
unfished reefs in progress (Ferreira).

Visual census of coral trout, lethrinid s and lutjanids on
50 reefs in the Cairns Section of the GBR Marine Park..
On mid-shelf reefs 16 reefs open to fishing compared
with 10 reefs closed to fishing. Closures for
approximately 8 years (since Nov 1983). Density of
coral trout not significantly different between closed
(44.7 per ha) and open (45.7 per ha) reefs. Average
length approx. 4 cm greater on closed reefs. Greater
abundance of 0+ fish on open reefs. On outershelf reefs
13 reefs open to fishing compared with 8 reefs closed to
fishing. No significant difference in density of coral
trout between open and closed reefs. Mean length
3.3 cm greater on closed reefs (38.3 vs 35.0 cm TL). On
both mid- and outershelf, no significant differences in
density of either lethrinids nor lutjanids on closed and
open reefs. Density actually slightly higher on open
reefs.
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13 RECOMMENDAnONS ON RESEARCH PRIORITIES

Below we describe areas we have identified as priority areas of research for species of fish of
commercial and recreational imponance on the GBR. They have been selected on the basis of
research relevant to management of the GBR. The knowledge required is not necessarily
sophisticated relative to that identified as priority requirements in better studied fisheries. This
reflects our present understanding of the eCology and population dynamics of the relevant
species on the GBR. Numbers and headings below refer to chapters of this review.

13.1 Distributions and Habitats

Basic knowledge of the distributions of fish species of recreational and commercial importance
is remarkably lacking within the Great Barrier Reef Marine Park. For no species do we have a
good understanding of its distribution throughout its complete life-cycle. We highlight two
general areas requiring particular attention:

(i) Distributions of Juvenile Flsh. Little is known of the distributions of juveniles of any
species of commercial or recreational imponance. Yet such infonnation is critical to
understanding, for example, the significance of nearshore habitats to reef fishes and interactions
between the trawl fishery and the line fishery. Data is panicularly required on the significance
of nearshore habitats, especially sea-grass areas, but also estuaries, fringing reefs and shallow
bay habitats as nursery areas for lethri.nids and the snappers Lutjanus malaooricus, L.
erythropterus and L johniI. The habitat of juvenile Lethrinus miniatus, in particular, needs to
be defined. This is the second most imponant species conunerciaUy and yet juveniles (<2Ocm)
have rarely been found.

(ii) Distribution and Abundance of Fish Below SCUBA Depths. We have a good
understanding of the distribution and abundance of the coral trouts through extensive visual
surveys using SCUBA. We have little idea, however, of the proportion of the population or its
distribution, below these depths. Most of the spawning population, for example, may occur in
depths and habitats that cannot be surveyed using SCUBA. There is a general lack of
understanding of species distributions and size distributions of species below about 20m. Is
there a clear distinction between the 'reef fauna and species found on the surrounding trawl
grounds (as there appears to be in trawl by-catch)? Answers to these problems will require the
development and refinement of sampling techniques other than visual surveys. Traps, droplines,
surveys from submersibles and fish trawls appear to be good candidates.

13.2 Early Lire Histories

(i) Taxonomy. Although lethrinids and lutjanids (Lutjanus spp.) are not uncommon in
larval net tows, the value of net tow studies for examining significant problems of early life
histories are very limited because of the inability to identify these taxa to species level.
Significant advances in our knowledge of the early and middle stages of pre-settlement of these
taxa (critical for understanding patterns of dispersal) is dependent on taxonomic studies that
will allow species-specific identification, similar to studies carried out for coral trout by Leis.

(ii) Recruitment and Light-traps. An understanding of spatial and temporal variability in
patterns of recruitment of species of recreational and commercial importance is critical for a
number of reasons outlined in the text. Although underwater studies of newly-settled
individuals of these species have to date been largely unsuccessful, light-traps are proving very
useful in assessing recruitment variability of at least coral trout. Their use in this role should be
extended.
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13J Reproduction

(i) Spawning Aggregations. A number of species of commercial and recreational
importance are known to fonn spawning aggregations. Such aggregations create unique
opportunities to study many problems. Further work is required to better define spawning
behaviour, specifically the timing and location of aggregations, for as many species as possible.

(ii) Age and Size at Maturity. Age and siz;e at maturity are very important parameters in
stock assessment but are poorly known for most species. More effort is required to detennine
these parameters for species on the GBR.

(iii) Mechanisms of Sex·Change. Most, if Dot all. coral trouts and emperors undergo
sex..change during their lives. This greatly complicates the question of size and age at maturity
and requires detailed study. An important problem for stock assessment and questions of the
effects of fishing is the mechanism of sex change. Is it size-dependent, age-dependent, socially
controlled, a mixture of these or perhaps controlled in other ways? The answers to these
questions will have different management implications.

13.4 Age, Growth, Mortality and Longevity

(i) Determination of Age and Longevity. A more concentrated effort is required to identify
annual and seasonal banding patterns in the hard parts of reef fish of commercial and
recreational fishing significance. Section 5 established clearly that biologists working on reef
fish on the GBR have been slow to address questions of basic demography, and age
determination is the key to sound demography. We need to be able to age all species of
commercial and recreational interest, including the smaller lethrinids and lutjanids and species
in a range of genera which are likely to become more important in the reef fishery in the future
e.g. Epinephelu,s, CephalopJwlis, Gymnocranius, Diagramma, Plectorhyncus. Apriofl, Eteli,s,
CheiJinus.

(ii) Validation. An important aspect of age determination is validation of the temporal
significance of checks in hard parts of fishes. The use of traps, tetracycline injection and
mark-release~recapture techniques probably offers the best opportunity for such validation.

(iii) Rates of Growth and Mortality. Detennination of age is the key to good estimates of
both growth and mortality. Growth and monality estimates are the key elements in
yield-per-recruit estimates. We need estimates ofbolh growth and mortality for a wide range of
species. [More effort is required to sample the components of the stocks in deeper waters for
inclusion in growth and mortality estimates.] Comparisons of rates of growth, mortality and
longevity in different regions of the GBR are essential for management.

(iv) Age.Structured Population Dynamics. Our knowledge of the population dynamics of
large reef fish must be age-based. Age-structure infonnation from a number of reefs of known
recruitment history exists for only one species of reef fish on the GBR - the pomacentrid
Pomacentrus moJuccensi,s in the Capricorn-Bunkers. The insights into population dynamics of
this species gained through age-structured infonnation (longevity, growth, mortality, factors
affecting population size) are exemplary. It is this level of detail of population dynamics that is
required for species of commercial and recreational fishing significance on the GBR.

13.5 Catch and Effort

(i) Commercial Line Fishery. Detailed infonnation is now available (since January I 1988)
for catch-effon characteristics of the commercial line fishery (QFMAlQDPI CFISH database).
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The value of this information will increase as the duration of the data collection increases.
There is a strong need to contact as many commercial line fishermen as possible for historical
records of catch/effort. Many fishennen keep such records as a means of paying employees.

(ii) Recreational SmaU·boat FlSbery. A strong need exists for more extensive and regular
boat-ramp surveys to improve our knowledge of the smaU·boat recreational fleet. Such studies
seem to be far preferable to telephone or mail recall surveys.

(iii) Charter Boat Fishery. The best time-series of catch-effort data for the GBR Reef Line
Fishery come from the competition records of fishing clubs using charter boats or their own
boats. A strong need exists to document and analyse these data and to ensure that such
infonnation continues to be collected.

(iv) Aerial Surveillance. Within the constraints of limited budgets, it would be advantageous
to make more use of aerial surveillance to estimate numbers of boats (from all fishery sectors)
fishing on particular reefs. With good ground·troth infonnation on numbers of fishermen per
boat, hours fished per day etc., such data might potentially provide good estimates of effort.

13.6 Stock Structure

Basic studies of stock structures are required. These are important in determining the potential
interdependence of different reef areas and to highlight populations that may have different
population parameters (and hence different responses 10 disturbance). Coral trout and sweetlip
emperor (L minialus) are the obvious species to emphasise, not only becaur.e they are the major
taxa of commercial interest but also because of particular aspects of their distribution and
ecology. Circumstantial evidence suggests that sweetlip may be particularly restricted in their
movements, and hence may be more likely than other species to differentiate into different
stocks. As discussed in the tex.t. there is evidence that population parameters of P. Jeopardus in
the Capricom·Sunkers are different to those elsewhere on the GBR. Together with the relative
geographic isolation of the Capricorn-Bunker Group from the rest of the reef, these
observations suggest that P. Jeopardus in this Group may be a different stock to those
elsewhere.

13.7 Movements and Migration

Little is known of the movements or migrations of species of recreational and commercial
importance. A number of mark·release-and-recapture studies in progress will greatly increase
our undemanding of movements within reefs. The most important problem from a whole-reef
management view and for the design of effects of fishing experiments is the extent and nature
of movements of fish between reefs. Large, carefully thought out, tagging studies will be
required to solve this problem.

13.8 Yield Estimates and Spawning Potential

(i) Surplus Production Models. Given the need for collection of catch-effort data from all
sectors of the fishery over a long time period, and the need for a range of effort values over
many years, it is unlikely that estimates of yield from a surplus·production model for the GBR
reef line fishery will be available for some time, if at all. Nevertheless, collection of reliable
catch-effort data from all sectors of the fishery over as long a period as possible is essential to
detect major trends in the fishery.

(ii) Yield·Per·Recruit Models. The basic information on growth, and to a lesser extent
mortality, will soon be available to make preliminary yield-per-recruit estimates for a few of the
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major species. We still need better estimates of rates of natural and fishing mortalities,
however. The dat~ required for yield-per-recruit estimates (growth, mortality estimates) for a
wide range of species of fish of commercial and recreational fishing interest are simply not
available (Section 5). Such infonnation should become available over the next 5 years or so.
Yield-per-recruit estimates will provide us with some of the most reliable yield estimates
available for the GBR reef line fishery.

13.9 Management Measures

(i) Legal Minimum Sizes or Fish. Research to detennine age and size at first reproduction
and sex change for a wide range of reef fish of commercial and recreational fishing interest
should be a high priority. Such information is essential for making decisions on appropriate
legal minimum sizes at first capture. For example, the current minimum size of sweetlip
emperor (3Ocm TI..) would appear to be below the size at first reproduction. (Minimum legal
sizes of reef species are under review by QDPI at the time of writing this report).

(il) Cost--effectiveness of Bag Limits. Some research should be directed to determining if
bag limits do provide a cost-effective method of reducing catch in the recreational fishery.

(iii) Assessment of the Effects of Zoning on the Reef Line Fishery. An assessment of
whether zoning of reefs is having a beneficial, detrimental or neutral effect on the reef line
fishery will require detailed studies of the nature and rates of movement of fish between fished
and unfished areas. This includes detailed studies of movement and mortality rates of both adult
and larval fish as they move between reefs. Studies of interreefal movements of adult and larval
fish should be apriority.

(Iv) Closures of Parts of Reefs. Zoning has generally been applied on a whole-reef scale.
Some pilot studies should be made to detennine the impact of closing parts of individual reefs
on the fishing at that reef. Such studies will require detailed knowledge of within·reef
movements of adult fish.

(v) Recruitment Rates of Coral Trout to Closed and Open Reefs. Detailed monitoring of
this kind would provide insight into an important aspect affecting population size on an
individual reef.

(iv) Nature and Extent of Fishing Violations on Closed Reefs. Infonnation of this type is
critical in interpreting the effects, if any, of zoning on the reef line fishery. If 'unfished' reefs are
in fact receiving unmeasured but substantial amounts of fishing mortality, the real impact of
zoning may be underestimated.

(vii) Surveys of Distribution and Abundance of Target Species. Surveys of the type carried
out to date (e.g. visual surveys of coral trout) should be continued and, if possible, monitoring
should be both regular and long-tenn, in both fished and unfished areas. The methods of
monitoring could be expanded to include visual census, trap studies, monitoring of
experimental catch rates. monitoring of age structures etc.. Such monitoring would provide
some of the best estimates of stock abundance available.

(viii) Experimental Studies. Use of zoning provisions to set up well-designed.long-tenn
experiments to investigate effects of fishing and protection from fishing should be a high
priority. Studies comparing fished and unfished areas, depletion experiments (such as the Boult
Reef experiment) and studies of the long-term dynamics of the recovery of stocks are
recommended.
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