




















a.  todetermine the effects of line fishing on reefs, of trawl fishing in inter-reef areas
and of the combination of trawl and line fishing on the abundance of particular
species, such as coral trout, 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. todetermine 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 defined by Walters and Sainsbury (1990) that arose
from an initial workshop on the “Effects of Fishing in the Great Barrier Reef Region' (Craik et
al. 1989). The general experimental concepts proposed involved some direct tests of the effects
of reef closures on stocks 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 determine the effects of zoning provisions and uses during the life of Zoning
Plans;

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

¢.  todetermine the effects of permitted uses of the Marine Park 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.

6L

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 (km?) Zoning of Reef Green Orange Pink Replenishment
Closures
(years)

Capricornia 12,000 July 1981 [O** 21 2 1 I 2 6 28.6%
Mackay/ 125,000 July 1988 3 578 78 0 6 2 86 14.9%
Capricorn "
(minus
Capricornia)
Central 77,000 July 1987 4 279 EE: 1 7 15 67 24.0%
Cairns 35,000 Nov 1983 8 150 20 3 4 14 41 27.3%
Far Northemn 83,000 Aug 1985 6 443 127# 1 8 6 142# 32.0%
TOTALS 344,000 1471% 271 6 26 39 342
% of TOTAL REEFS 18.4% 0.4% 1.8% 2.7% 23.3%

* True Reefs 2 1 km maximum dimension (i.e. excluding shoals, patches, banks): determined from GBRMPA zoning maps.

**  Some sites on Heron Island protected since 1974 (1.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 BRAQ102 in the Far Northern cross-shelf transect.



Table 19  Potential advantages and disadvantages of the use of long-term spatial closures to
fishing in management of reef fisheries (adapted and modified from Plan

3.

‘0

S.

7.

Development Team 1990)

ADVANTAGES

Reduces chance of recruitment overfishing by
maintaining a critical spawning stock biomass. A
core of spawning stock in areas closed to fishing
potentially can supply fished areas with recruits
because of the great dispersal capability of larvae of
reef fishes. Ensures recruitment supply even if
fished arcas are exploited heavily, and especially
under environmental uncertainty.

Potential long-term maintenance or even
enhancement of fisheries yield to broad regional
areas by larval dispersal. Areas closed to fishing
allow individuals to live longer, grow larger and
thus become more fecund. Such increases in
fecundity may enhance recruitment in fished areas
and thus compensate for the reduced area available
for fishing. Closed areas should provide a ready
source of supply of larvae to fished areas
downstream.

Provision of undisturbed spawning/breeding
grounds for fishes. For example, protection of
sites of spawning aggregations of species of
commercial and recreational fishing significance.

Maintenance of intra-specific genetic diversity.
Long-term genetic benefits accrue with fish
populations inside closed areas retaining at lcast some
long-lived individuals. Allows maintenance of longer
generation times within the gene pool.

Provides unfished populations for scientific
research. Allows estimation of such things as natural
rates of mortality and growth, natural longevity,
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 rates of recruitment. Other
information such as natural standing stock and
densities could be determined and experimental catch
rates in unfished populations could be measured.

Maintenance or possible enhancement of fisheries
yield to areas adjacent to the closed areas 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 arcas) or random across boundaries of closed
lopen areas. Both can enhance yield-per-recruit and
total yield to unfished areas under high levels of F in
fished areas (Beverton and Holt 1957). Requires
detailed knowledge of movements of adult fish.

Protection of community/ecosystem structure and
thus maintenance of interspecific genetic diversity.

Data collection needs for management are reduced
and management occurs without complete
information and understanding of population
parameters of every species, nor of interactions
between species. Under single-species fisheries
management, detailed information of population
dynamics is required. Management can proceed
without such details.

3

6.
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DISADVANTAGES

Concentrate fishing effort on a smaller portion
of the stock. The same total effort that would
have been applied in the absence of spatial
closures is applied to a smaller area, increasing
fishing mortality in open arecas.

Less of the stock is available to fishermen,
possibly reducing short-term fisheries yield.
Spatial closures will have immediate impacts on
existing fishing. Catch may decline and patterns
of distribution of effort and catch will change in
response to spatial patterns of closures.

Any benefits to the fisheries may manifest
themselves only in the long-term. Maintenance
or enhancement of yield through maintenance of
recruitment or migration of adult fishes from
closed to open areas are likely only to occur over
years to decades.

Closed areas created an increased incentive
for deliberate poaching. Areas closed to
fishing are likely to eventually sustain larger
populations of larger fishes, often with high
catchability. If surveillance is not adequate, the
temptation to poach is enchanced.

Increased need for intense surveillance and
enforcement. Closed arcas will require intense
surveillance to prevent poaching is too frequent,
any benefits predicted by management may not
arise, creating problems of management
credibility. At sea surveillance and enforcement
is expensive. Costs are greater than dockside
enforcement but less than those required to
enforce bag limits, size limits etc.

Strong local resistance is likely in those
specific areas where closures are proposed.
Many fishermen support spatial closures to
fishing but most would prefer them to be
anywhere else except where they normally fish.

Uncertainty concerning the size, location and
number of spatial closures to ensure
persistence of reef fisheries. Areas closed to
fishing must be sufficiently large to support a
breeding population with a stable age structure.
Detailed information on current patterns may be
required for optimal location of closures.

Long-term and detailed research required to
justify spatial closures. In addition to details of
current patterns, research on minimum spawning
stock biomass to maintain a reef fishery may be
required to determine the extent of closures. In
the US Southern Atlantic, researchers calculated
that a minimum of 20% of the reef fish spawning
was required to maintain the fishery.



9.

11.

12.

13.

i4.

15.

16.

17.

18.

19.

20.

Direct economic benefits through tourism. Arcas
closed to fishing such as marine parks generate
secondary economic benefits such as tourism, diving,
snorkelling, underwater photography, educational
group visits, etc.

The concept is easily understandable by the general
public and more easily acceptable than some other
management strategies. Public awareness and
support will assist in the success of closed areas.

Surveillance and enforcement are simplified. Areas
closed to fishing are easy to target in public education
programs. Violations can be detected by surface or
aerial surveillance, often with public participation.
Enforcement avoids problems associated with
measuring fish sizes, species identification,
determining if appropriate gear has been used and
determining if quotes have been exceeded.

Protection of fish habitat. If some types of fishing or
other activities are destructive to fish habitats closed
areas may protect such habitats, perhaps enhancing
recruitment. Protection of estuaries which act as
nursery areas for offshore fisheries is 2 common
example.

Provide some insurance against management and
recruitment failures. Having arcas closed to fishing
is a 'bet-hedging’ strategy. Conventional fisheries
management strategies are implemented outside the
closed areas and if these fail to control effort and
catch, the populations in closed areas act as insurance
to management failure.

Have equitable impact among fishery users. Under
most circumstances, closed areas do not allow fishing
by either commercial or recreational fishermen.

Large resident fishes that stray outside reserves
may help maintain certain trophy fisheries.

Provide areas for educational use. Such areas
provide examples of 'undisturbed' habitats and
communities.

Reduction of inadvertent fishing mortality.
Mortality caused by embolisms, hook wounds,
infections, etc, occurring during the processes of
capture and subsequent release are eliminated. This
applies equally to both target species and bycatch.
Capture of bycatch for bait is eliminated also.

Reduces temptation of fishermen to violate laws. In
normal situations, fishermen are often tempted to keep
undersized or oversized fish or to exceed catch

In closed arcas where fishing is prohibited, such
temptations for ‘incidental poaching’ are reduced.

Can be used as sources of broodstock for
aquaculture.

Can be used as sources of juveniles/sub-adults for
supplemental restocking of depleted areas.
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9.

10.

11

12.

13.

Unlikely to be useful for highly migratory
species. Most reef fishes are relatively sedentary
as adults although our knowledge of movement
patterns of reef fish of commercial and
recreational fishing significance is very limited.

Resistance of fisheries managers to 'new
approaches’. Long-term spatial closures to
fishing have not often been used as a common
part of a fisheries management policy. More
intensive application of traditional approaches is
likely rather than adoption of 'new' approaches.

Conflicts with other fishery -management
plans. Co-ordination with other fishery
management plans would be required. For
example, spatial closures for a reef demersal
fishery may impinge on management of a troll or
trawl fishery. The fisheries may interact directly
or indirectly and this will have to be taken into
account in designing a management plan which
includes spatial closures.

Closed areas should include all habitats
necessary for maintenance of all life-history
stages of fish. For example, a closed area may
have to include reef adjacent estuaries,
mangrove forests, scagrass beds, etc. This is
likely to require large areas.

Large areas as in 12, will span coastal offshore
areas, and thus mean that both state and
federal jurisdiction apply. Co-operation
between State and Federal organisations will be
required.



Table 20

Year

1976-1980

1977

1977

1979

1979-1980

1983

1983/84

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

Reference Nature of Study and Evidence

Goeden (1979, 1982,  Scuba manta-towing of 76 reefs from Melville Passage to

1986) Heron Island. Population density indexes of coral trout
suggesting fishing was reducing coral trout densities
significantly, particularly Plectropomus leopardus.
Showed a significant correlation between coral trout
density and distance from centres of human population
(Caims). Proposed that Plectropomus was a keystone
species and that fishing, in reducing its density, affected
“community flux' of other predatory species of reef fish.

Goeden (1977, 1978)  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).

Goeden and Blackford Scuba manta-towing of Wheeler Reef. Suggested fishing
(1977) pressure moderate because of low numbers of coral trout
perceived to be in the 3-5 year range.

Craik (19793, 1979b  Analysis of catch rates of recreational fishermen. Catch
1981a, 1986) rates increased with distance from Caimns.

Craik (1981c¢) 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 TL) than fished sites (38.9 cm TL). Sites
on Heron Island protected for 5 years.

Ayling and Ayling Visual census of coral trout on 44 reefs in Caims Section
(1983a) 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 unfished reefs).

Ayling and Ayling Visual census of coral trout on 12 reefs off Townsville

(1983, 1985) (1983) and 42 reefs in the proposed Central Section of
Marine Park (Dec 1984). Mid-shelf reefs in the northern
part 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 ha) than high fishing pressure reefs (29 per ha) (p size
structure not detected between high and low fishing
pressure reefs.
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Year

1984/85-8
6

1984

1984-85

1986

Reference

Ayling and Ayling
(1984a, 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 [0 reefs in the Swains
(1984) and 30 reefs in the Capricornia (Dec 85-Jan 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 cm TL) than fished sites
(35.7 cm 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 Capricoria (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'/2 years). Average size of coral trout at Boult Reef in
September/November 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 coral trout 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 recapture, 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.
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Year

1989

1990-1991 Russ Laycock, Ferreira

1991

Reference

Beinssen (1989b)

(unpub. data)

Ayling and Mapstone
(1991)

Nature of Study and Evidence

Detailed study of patterns of movement along a 4 km
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 sweetlip 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. Catchability of
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 B/A split zones at Tyron, Northwest,
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 coral trout 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 Caimns 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 35.0cm 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 RECOMMENDATIONS ON RESEARCH PRIORITIES

Below we describe areas we have identified as priority areas of research for species of fish of
commercial and recreational importance 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 Fish. Little is known of the distributions of juveniles of any
species of commercial or recreational importance. Yet such information 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 particularly required on the significance
of nearshore habitats, especially sea-grass areas, but also estuaries, fringing reefs and shallow
bay habitats as nursery areas for lethrinids and the snappers Lutjanus malabaricus, L.
erythropterus and L. johnii. The habitat of juvenile Lethrinus miniatus, in particular, needs to
be defined. This is the second most important species commercially and yet juveniles (<20cm)
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 Life 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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13.3 Reproduction

(i) Spawning Aggregations. A number of species of commercial and recreational
importance are known to form 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 size at maturity are very important parameters in
stock assessment but are poorly known for most species. More effort is required to determine
these parameters for species on the GBR.

(ili) Mechanisms of Sex-Change. Most, if not 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.

134 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. Epinephelus, Cephalopholis, Gymnocranius, Diagramma, Plectorhyncus, Aprion, Etelis,
Cheilinus.

(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. Determination of age is the key to good estimates of
both growth and mortality. Growth and mortality estimates are the key elements in
yield-per-recruit estimates. We need estimates of both 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 information from a number of reefs of known
recruitment history exists for only one species of reef fish on the GBR - the pomacentrid
Pomacentrus moluccensis in the Capricorn-Bunkers. The insights into population dynamics of
this species gained through age-structured information (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 information is now available (since January 1 1988)
for catch-effort characteristics of the commercial line fishery (QFMA/QDPI 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 fishermen keep such records as a means of paying employees.

(ii) Recreational Small-boat Fishery. A strong need exists for more extensive and regular
boat-ramp surveys to improve our knowledge of the small-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
information 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-truth information 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 to disturbance). Coral trout and sweetlip
emperor (L. miniatus) are the obvious species to emphasise, not only because 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 text, there is evidence that population parameters of P. leopardus in
the Capricorn-Bunkers 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. leopardus in this Group may be a different stock to those
clsewhere.

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 understanding 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 data 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 information 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 of Fish. Research to determine 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 (30cm TL) 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).

(ii) 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 a priority.

(iv) Closures of Parts of Reefs. Zoning has generally been applied on a whole-reef scale.
Some pilot studies should be made to determine 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 Vielations on Closed Reefs. Information 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-term, 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-term
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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