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When should restocking and stock enhancement be used to manage sea cucumber fisheries?

Johann Belll233] and Warwick Nashl34]

Abstract

Access to technology for producing and releasing juveniles is not a sufficient rationale to proceed with restocking
(restoring stocks to the point where they can sustain regular harvests) or stock enhancement (increasing yields by
overcoming recruitment limitation) of sea cucumber populations. Rather, careful decisions need to be made about
whether these interventions are likely to be cost-effective ways of improving productivity. Although restocking is designed
to restore severely depleted stocks, it will be essential to determine whether the release of cultured juveniles will
significantly reduce the time needed for replenishment compared to other forms of management, e.g., a total moratorium
on fishing or artificially aggregating and protecting some of the wild adults to promote spawning success. This will require
an evaluation of population recovery rates under various interventions and restocking scenarios using both theoretical
(life table analysis and population modelling) and empirical approaches. The information needed for such comparisons
includes: remnant stock size, population age/size composition, generation time, longevity, fecundity, annual variation in
the recruitment rate, natural mortality at different life stages and behaviour of the species that may affect spawning
success or survival at low population density. Investments in hatchery production for restocking should only proceed
when the modelling described above demonstrates that releases of cultured animals will "fast-track" replenishment
considerably.

Stock enhancement can be considered once sea cucumber fisheries have been rebuilt to the desired level of spawning
biomass, although it can only be expected to be of benefit where the supply of juveniles regularly falls well short of the
desired levels of recruitment. To assess whether stock enhancement is likely to be effective, managers need sound
information on: the carrying capacity of the habitat for sea cucumbers, optimal stocking density, the abundance and age
structure of the stock, the natural supply of juveniles each year, the cost of cultured "seed" and post-release survival
rates. Even where the supply of juveniles falls short of the desired level, stock enhancement will not be appropriate if the
cost of producing the juveniles exceeds the value of the additional harvests expected to result from the releases.

Another important point is that stock delineation is central to the success of restocking and stock enhancement programs:
the assessments described above need to be made at the level of self-replenishing populations within the stock.
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Introduction

Populations of sea cucumbers are being overfished worldwide (Battaglene and Bell, 2004; Conand, 2004; Lawrence et
al., 2004; Altamirano et al., 2004; Uthicke, 2004). This is now causing major concerns for fishers and managers because
these easily accessible, inshore resources are no longer able to provide their potential economic benefits. Not
surprisingly, managers are investigating whether the release of hatchery-reared juveniles may be a useful tool to restore
the production of sea cucumbers. Indeed, considerable efforts are now being made to develop methods for mass-
production of juveniles in hatcheries (Battaglene, 1999; Battaglene et al., 1999; Hamel et al., 2001; Chen, 2004; James,
2004; Mercier et al., 2004; Pitt and Duy, 2004), and for releasing juveniles in the wild at good rates of survival (Purcell et
al., 2002; Battaglene and Bell, 2004; Dance et al., 2003; Purcell, 2004). However, we believe that not enough thought has
yet been given to whether the relatively expensive option of producing juveniles in hatcheries will actually add value to
other measures to promote replenishment available to managers of sea cucumber fisheries. Rather, assumptions seem to
have been made that any additions of cultured juveniles will be of benefit and that it is just a matter of learning how to
produce them at low cost, and release them at sizes and in ways that enable them to survive in high proportions.

It is now apparent that many other questions need to be answered before decisions are made to invest in a hatchery
program for sea cucumbers. These questions include:

1. Is the fishery comprised of one large homogeneous population, or is it divided into several, largely self-
replenishing, populations?

2. What is the abundance and size structure of each population comprising the fishery, and how does the
current status of the population compare to the original unexploited level?

3. What is the purpose of releasing cultured juveniles? Is it to restore spawning biomass to a more
productive level? (a process referred to as "restocking" by Battaglene and Bell, in press; Bell, in press), or is
it to increase yields from a fishery where spawning biomass is close to the desired level, but production is
lower than the potential carrying capacity of the habitat due to recruitment limitation? (a process described
as "stock enhancement" by Doherty, 1999; Battaglene and Bell, in press; Bell, in press).

4. Can the aims of management, to rebuild the spawning biomass of severely overfished populations, or to
increase the productivity of "healthy" populations, be met cost-effectively with other forms of management?
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In this paper, we discuss these issues in more detail to provide guidance on the main factors that need to be considered
in restoring depleted fisheries for sea cucumbers, or enhancing the production of those fisheries that are still in relatively

good condition.22] Our main conclusions are that: 1) population modelling is needed to assess whether hatchery release
programs will add value to other forms of management designed to replenished over-exploited fisheries; and 2) the
immediate purpose of research on the hatchery production of sea cucumbers, and effective ways for releasing them in
the wild, should be to provide the information needed for the models designed to evaluate the merit of different
approaches to restoring the productivity of sea cucumber fisheries.

Why is stock delineation so important?

To date, there has been interest in identifying the genetic population structure of various species of sea cucumber
(Uthicke and Benzie, 2001; Uthicke and Purcell, in press) to ensure that hatchery-reared juveniles are produced and
released in ways that do not affect the natural genetic diversity of the species. These studies have shown that for at least
one species, Holothuria scabra, there can be marked differences between populations at relatively small spatial scales.
This is strong evidence that national fisheries for this valuable species are likely to be targeted at more than one largely
self-recruiting population. The implication is that each of these populations will need to be managed separately.

This begs questions about the population structure and exploitation patterns of other species of sea cucumbers. How
many self-recruiting populations occur within the distribution of the species? What is the spatial scale of these
populations? Which groups of fishers share in the harvests from each population? Without this information, national
managers cannot begin to develop optimum strategies for restoring or enhancing the production of each species of sea
cucumber.

A word of caution here: population genetic studies may not be sensitive enough to detect the number and scale of all
largely self-recruiting populations within a fishery because relatively low levels of reproduction between adjacent
populations may be sufficient to maintain gene flow even when the populations are largely self-recruiting. This means that
the results of the most sensitive genetic analyses should be taken as a measure of the minimum number of management
units. Other analyses, e.g. of symbionts and parasites, may be needed to help identify the distributions of all largely self-
recruiting populations of the species. Hamel et al. (1999) report an interesting example of a symbiotic relationship
between a pea crab and Holothuria scabra at a small spatial scale in Solomon Islands.

The role of stock assessments

Once the number of largely self-recruiting populations within a fishery has been identified, assessments of the abundance
of size/age classes need to be made for each population. For many species of sea cucumbers, this can be done relatively
easily using underwater visual transects (Lincoln-Smith et al., 2000). However, for species that occur in turbid water,
standardized trawl or dredge surveys will be required. Estimates of population size using either of these area-based
sampling methods are not straightforward because the distribution of sea cucumbers is often highly patchy, which can
lead to substantial errors in total abundance when the fished population covers a large area unless the survey is stratified
and replicated appropriately. In cases where resources are inadequate for such surveys, it may be possible to make
estimates of population depletion and, importantly, the remnant population from temporal changes in catch rates, size
composition and localities fished. Data on the status of each population can then be used to decide whether it is at such a
low ebb that stringent measures need to be taken to restore the spawning biomass to more productive levels, or whether
the primary need is to find efficient ways to make the relatively robust population more productive.

Modelling the potential benefit of releasing hatchery-reared juveniles
Restocking

For populations where stock assessments reveal that spawning biomass is at chronically low levels, the temptation will be
to assume that the release of hatchery-reared juveniles will help restore the number of spawners. However, for such
restocking to be effective, the remnant wild sea cucumbers and the released animals would need to be protected until
they and their progeny replenish the population to the desired spawning biomass. If this is the case, managers need to
ask whether a moratorium on fishing for the remnant wild population alone would be sufficient to achieve replenishment.
This important decision can be made on the basis of some relatively simple modelling.

By estimating how long it would take for the number of spawners to be restored to the desired level using a moratorium
alone, managers should then be able to determine whether the addition of more juveniles through a restocking program
will add significant value. The basic information needed to construct a model for predicting the exponential rate of
replenishment under a moratorium includes: remnant stock size and density, population age/size composition, generation
time, longevity, fecundity, annual variation in the recruitment rate, natural mortality at different life stages and behaviour of
the species that may affect spawning success or survival at low population density.

Modelling whether the release of hatchery-reared juveniles would be a cost-effective way of reducing the time needed to
re-build the desired number of spawning sea cucumbers, compared to replenishment under a moratorium alone, would
depend on the following additional information: survival to adulthood of cultured juveniles released in the wild, and the
cost of producing the juveniles. Assumptions are made here that the cultured juveniles do not have deficits that would
prevent them from spawning; that they are released at densities that do not inhibit their growth or survival; and that they
are produced and released in way that does not alter the gene pool of the population into which they are placed (Munro
and Bell, 1997; Battaglene and Bell, 1999, in press; Uthicke and Purcell, in press).
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Modelling the benefits of adding cultured juveniles should be made at several different magnitudes of release to identify
what numbers of animals are needed to substantially reduce the time needed for replenishment. The gain in terms of
reduced number of years before the fishery can be re-opened at different levels of restocking can then be weighed
against the cost of the investment in a hatchery to produce the required number of juveniles. Clearly, a restocking
program should only be used if the value of harvests in the years gained from reopening the fishery earlier (due to the
hatchery releases) exceed the costs of producing the juveniles.

Variations on the modelling proposed above might include, for example, the use of marine protected areas to protect a
large portion of the remnant wild stock in situations where it is not possible to put a moratorium on sea cucumbers
because they form part of the catch of a multi-species trawl fishery, and where survival of animals returned to the water is
not good due to damage in the nets. Where it is possible to apply a moratorium, recovery could also be accelerated by
aggregation of the remnant stock at several places within the distribution of the population and transplanting aggregations
large enough to spawn effectively to areas within the distribution of the self-replenishing population where successful
settlement of juveniles has not occurred (Battaglene and Bell, in press). These measures should increase the probability
of reproductive success and promote the dispersal of larvae to unoccupied settlement habitat.

One problem with applying this approach to sea cucumbers is that with the exception of afew species, e.g. Apostichopus
Japonicus and Holothuria scabra, the basic life history information needed for the modelling is often not available. In such
cases, however, it should be possible to place species into broader 'life table' categories (see Hempell and Crowder,
1998) to approximate the response to total protection from fishing and to addition of cultured juveniles, where urgent
restoration of a population is needed. Where the minimum necessary information to place species into life table
categories is not currently available, managers should commission the research urgently.

Stock Enhancement

Assessing the potential benefit of releasing cultured juvenile sea cucumbers in a stock enhancement program requires a
different approach. Such interventions should only be considered where there is strong evidence that the habitat does not
regularly receive as many juveniles, through the natural supply of post-larvae, as it is capable of supporting and as are
desired by managers (Munro and Bell, 1997; Doherty, 1999; Battaglene and Bell, in press). If this is the case, managers
need to calculate how many more sea cucumbers could be supported if they were available and to identify optimal
stocking densities. The latter point is critical - for species that take several years to reach the recommended minimum
legal size, it would be a mistake to release as many individuals as the habitat could support in one year, i.e. they should
not seek to fill the "carrying capacity" of the habitat. To do so would limit the number of individuals that could recruit
successfully the following year without retarded growth and survival and result in an age structure dominated by one year
class. Ultimately, this will result in a large harvest one year, followed by years of much lower production. Such variation is
not in the best interests of fishers or markets.

A better approach would be to release fewer animals each year so that the optimal biomass is achieved by an
accumulation of year classes. This process can be optimised by using average natural mortality and growth rates to
allocate carrying capacity to size/age classes in a way that delivers comparable harvests each year. This (hypothetically
ideal) size/age structure can then be compared to that of the wild population, and juveniles can then be added each year
to provide the number needed to give the optimum harvest by the time the sea cucumbers grow to the minimum legal size
(see Figures 2 and 3 in Bell, in press, for more details). In practice, this requires close monitoring of settlement success to
detect sub-optimal levels of recruitment, or recruitment failure, followed by swift production and release of the desired
number of juveniles when there is a shortfall in the natural supply. Where this cannot be done practically, which will be the
case for some species, stock enhancement will need to be planned in a coarser way. For example, if settlement success
cannot be measured until the animals are one year old, then managers have little option but to respond then, although
they will always run the risk of releasing juveniles in response to a previous recruitment failure at a subsequent time of
adequate natural supply. Alternatively, managers could hedge their bets by releasing low densities of juveniles each year
and accept that in some years their efforts will be negated by good natural supply, while in others the releases will not be
sufficient to maintain the desired age structure for optimum harvests.

Regardless of the sophistication of the approach used, the variation in the natural supply of juveniles each year, and the
projected survival of released juveniles to harvest size, can be used to identify the range of juveniles likely be needed to
supplement natural recruitment among years. This range will determine the investments needed to construct hatcheries
with the necessary capacity. Ultimately, decisions to invest in stock enhancement programs will need to be based on
assessments that the added value of the increased harvests stemming from hatchery releases exceeds the cost of
producing the juveniles.

Other important considerations

Much of the research to date on hatchery production of sea cucumbers, and methods for releasing them in the wild, has
been done by national research agencies, universities and regional and international organizations. Future decisions
about when to apply these interventions, and payment of the cost involved, are likely to be made by different groups for
restocking and stock enhancement. There is rapidly growing awareness that stock enhancement programs should no
longer be funded by government. Rather, the direct beneficiaries should bear the costs (Lorenzen et al., 2001). However,
there must be an incentive for doing so. Consequently, decisions to engage in stock enhancement by the private sector,
or fisheries co-operatives, are only likely to occur in places where fishers are granted access or property rights (Bell, in
press and references therein). Identifying who should pay the costs of restocking programs is not so straightforward.
Rebuilding severely depleted fisheries with the assistance of restocking programs will probably remain the responsibility
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of governments until the private sector is convinced that the process will succeed. Then, the private sector may be
prepared to bear the costs in exchange for property rights.

Conclusions

Although the release of cultured sea cucumbers holds much promise as a tool to assist managers to restore severely
depleted populations, or to optimise the production from populations that are still in relatively good condition, there has
been little understanding about how research on development of hatchery and release methods best helps managers to
assess whether such interventions will be cost-effective. It is now clear that research to reduce the cost of producing
environmentally fit, genetically diverse cultured juveniles, and to release them in the wild so that they survive in high
proportions, should be used for two different purposes.

The first purpose is to enable managers to model whether hatchery releases are likely to add value to other forms of
management, e.g. a moratorium on fishing, where the imperative is to rebuild a severely overfished population.

The second purpose is to improve the efficiency of using hatchery-reared juveniles where these interventions have been
deemed to be of benefit on the basis of thorough analyses. Investments in release programs for sea cucumbers in most
other circumstances run the strong risk of misappropriating resources that could have been used to increase productivity
in other ways.
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here in the interests of making the proceedings of the FAO workshop on Advances in Sea Cucumber Aquaculture and
Management representative of current research aimed at improving the management of sea cucumbers. These
publications are Bell (in press), and a manuscript by J.D. Bell, P. Rothlisberg, J.L. Munro, N.R. Loneragan, W.J. Nash,
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