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A 3-week workshop was convened to assist fishery scientists from
selected Pacific island countries in analyzing their research and
commercial catch and effort data on deepwater snappers. Workshop
participants came from the Cook Islands, Fiji, Kingdom of Tonga, Papua New
Guinea, Solomon Islands, Tuvalu, Vanuatu, and Western Samoa. The ultimate
-_objectives of the analyses were to estimate the maximum sustainable yield
(MSY) and the fishing effort that achieves the MSY for deepwater snappers
in each country. As a simplifying step, all analyses treated this
multispecies resource as a single group by combining all species.
Since the deepwater snapper fisheries in all of the Pacific islands
represented at the workshop are undeveloped or very recently developed, no
long-term time series of catch and effort data are available to apply to
production models. An alternate approach estimates unexploited exploitable
standing stock ( N o ) from the depletion of an area, typically a small
seamount or island, and then estimates MSY as a fraction of the unexploited
exploitable biomass ( B o ; Polovina and Ralston 1986). To estímate N o from a
depletion or intensive fishing study, two analytical models are used. If
the depletion has occurred during a short time period so that the number of
fish added by recruitment or removed by natural mortality is a minimal part
of the population, then the Leslie model (Ricker 1975) is used. This model
estimates catchability ( 4 ) and N o by regressing catch (expressed in numbers
of fish) per unit effort (CPUE), against the cumulative number of fish
caught. However, if the period covered by the depletion is long enough so
that recruitment and natural mortality may have a significant impact on the
population, then the Allen model (Sainsbury 1984) is used to estimate
catchability ( 4 ) and N o . The Allen model requires an estimate of natural
mortality (M); it estimates q and mean recruitment ( R ) by regressing catch
on two variables: effort and the product of effort with adjusted cumulative
catch. Generally when the period covered by the depletion study is less
than 9 months, then the Leslie model is used; when the period exceeds 9
months, then the Allen model is used. For the depletion and MSY analyses,
whenever an estimate of M is required, two values (M = 0.25/year and
0.50/year) are used to represent a range from the published literature on
deepwater snappers (Ralston 1987).
Once estimates of No are obtained from either the Leslie or Allen
model, they are adjusted for the habitat area of the depletion site by
dividing No by the length (in nautical miles) of the 200 m isobath. The
estimates of No are converted to B o by multiplying N o by mean fish weight.
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Estimates of MSY are computed with three approaches: the Gulland
method, which s mates MSY as O.5MB0; the Pauly method, which estimates
where w is the mean (in grams) of the asymptotic weight
MSY as 2.3(~)-'*~',
and the weight at the onset of sexual maturity (Pauly 1983); and a method
based on the Beverton-Holt equation in which MSY is estimated as a fraction
of B o with the fraction as a function of parameters, including M / K , where K
is the von Bertalanffy growth constant, and age at recruitment to the
fishery (t,)
(Beddington and Cooke 1983). The parameter M/K is estimated
at 2.0, based on estimates for M and K for deepwater snappers from the
literature (Ralston 1987). The estimated age at recruitment to the fishery
is 3 years for Vanuatu anda4 yeart for all of the other study areas. For
each country, an MSY estimate is famputed as the product of the MSY range
per nautical mile of 200 m isobat',and the total length of the 200 m
isobath.
Fishing mortality (F) is estimated from catchability, which is
estimated from the depletion analyses for each country. The value of q
from each depletion analysis is multiplied by the length of 200 m isobath
to obtain a standardized q . The mean of all standardized q values from
within a country is multiplied by the total fishing effort and then divided
by the total length of the 200 m isobath to estimate annual F, which can be
interpreted: When F equals M, then fishing effort is optimal to produce
MSY; when F exceeds M, then fishing effort is excessive.
The results of 18 depletion analyses from the workshop are presented
in Table 1. Table 2 presents a summary of the estimated unexploited
exploitable biomass per nautical mile of 200 m isobath from the depletion
analyses by seamount and island grouping. Except for a few outliers, most
estimates of B o cluster around the median values of 2.7 metric tons (t)/nmi
for seamounts and 0.7 t/mi for islands. Since the seamounts are smaller
than the islands and have a steeper slope, the difference in the estimates
of Bo/nmi between seamounts and islands may, to some extent, be due to the
concentration of biomass over the smaller habitat areas available at
seamounts.
The ratios of MSY to B o by the Beverton and Holt, Gulland, and Pauly
models have a range of about 10 to 30% (Table 3). For an M of 0.25, based
on the Gulland estimate, a lower bound of MSY estimated at 9% B o is
obtained. Conversely, using the Beverton and Holt equation and an M of 0.5
or using the Pauly method, which depends only on fish weight, estimates MSY
at about 30% B o . Thus, the range of 10 to 30% Bu is estimated to include
the true value of MSY.
Table 4 presents the MSY estimate for each country. For Tonga,
current landings from the seamounts are almost twice the upper b,und of the
estimated MSY, and F is about equal to M . This result suggests that
fishing effort is at the level which produces MSY and, once the fishery at
the seamounts reaches its equilibrium level, the catches and CPUE will be
substantially lower. However, if new seamounts are found, the higher
catches may be sustained for a longer time. In Western Samoa, the

Table 1. S m r y of resulta of depletion analyses
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Table 2. Length of 2OOm isobaths and B o / n l of
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Table 3. Ratios of HSY to Bo for the three methods
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deepwater snapper resource is already close to MSY, but some increase is
possible. The fishery in Fiji is currently fishing only about 2 0 % of the
estimated 3,000 m i of 2 0 0 m isobath. Thus, Fiji ha5 the potential to
increase catches if this unfished habitat has populacions of deepwater
snappers. However, if the fishery remains only within the habitat
currently fished, catches will decline perhaps by 50%. The level of
fishing effort may be a little lower than the level which produces MSY.
Papua New Guinea has no appreciable landings of deepwater snappers, but a
potential exists with MSY in the range of 170 to 270 t/year. Vanuatu’s
landings represent only one-third to one-fifth of the potential MSY, as
indicated by the current landings and level of F; therefore, the potential
exists for greater landings.
A point worth emphasizing is that the results from this workshop
represent preliminary estimates of future MSY based on estimates of
unexploited biomass and certain mathematical models that project the
response of the populations to exploitation. The MSY estimates represent a
sustainable equilibrium level, which is lower than the catches that can be
obtained in the early stages of the fishery. As the fishery in each
country develops, these preliminary estimates of MSY can be improved from a
time series of catch and fishing effort data recorded by island.

This workshop also examined the utility of length-frequency data to
estimate relative fishing mortality but found that size-frequency samples
from the commercial catches do not provide very accurate indicators of
fishing mortality, perhaps because of fish size and depth relationships and
size-specific targeting by fishermen.
Finally, this workshop focused on the dynamics of the resource and did
not consider the dynamics of the fishing operations. In some countries,
market conditions and economics of other fisheries may limit fishing for
deepwater snappers s o that the MSY level is not achieved. In other
instances, the distances from port to some o f the deepwater snapper grounds
may also limit fishing effort below the level resulting in MSY.
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The National Oceanic and Atmospheric Administration (NOAA), organized in
1970, has evolved into an agency which establishes national policies and
manages and conserves our oceanic, coastal, and atmospheric resources. An
organizational element within NOAA, the Office of Fisheries is responsible for
fisheries policy and the direction of the National Marine Fisheries Service
(NMFS).
In addition to its formal publications, the NMFS uses the NOAA Technical
Memorandum series to issue informal scientific and technical publications when
complete formal review and editorial processing are not appropriate or feasible.
Documents within this series, however, reflect sound professional work and may
be referenced in the formal scientific and technical literature.
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