
SPC Live Reef Fish Information Bulletin #3  –  December 1997

Introduction

Stock enhancement 

The concept of increasing or re-establishing fish
and invertebrate populations through ocean ranch-
ing has been considered for many years (Kafuku,
1986; Yamaguchi, 1988).

Results from stock enhancement programmes have
varied. In Japan, 8 per cent of 206,000 tagged red
seabream were recovered (Cowan, 1981). For blue
crab, the recapture rate was 22 per cent. By the
early 1980s, Japan had been involved in stock
enhancement for about 15 years with annual
expenditure reaching about US$ 40 million
(Preston & Tanaka, 1990). However, results were
still inconclusive. In many cases, there was no
demonstrable effect on harvest, despite years of
restocking efforts.

In Norway, cod stock enhancement studies resulted
in survival rates from 13 to 32 per cent (Svaasand &
Kristiansen, 1990b). Released cod represented
between 21 and 61 per cent of the entire cod popu-
lation of a fjord (Svaasand & Kristiansen, 1990a).

There are several key issues when a stock release
programme is being considered (see Preston &
Tanaka, 1990; SPC Secretariat and the FAO South
Pacific Aquaculture Development Project, 1990;
Naevda & Joerstad, 1983; and Thorpe, 1986): 

1. Stock enhancement is not a substitute for fish-
eries management;

2. Knowledge of the biology and culture technol-
ogy of a species is critical to the success of stock
enhancement;

3. The impacts of stock enhancement programmes
may be insignificant or can be extremely diffi-
cult to assess;

4. Stock enhancement programmes can affect the
gene pool of wild stocks; 

5. There can be complications when exotic species
are introduced as part of any stock enhance-
ment programme; 

6. Stock enhancement programmes can be very
costly and absorb major resources.

Bahrain fisheries situation 

Overall fish landings have fluctuated over the
years, but the situation appears to be rather stable
(Fisheries Statistical Service, 1996). However,
landings and catch-per-effort estimates for cer-
tain preferred species suggest that these
resources are being overfished. This is especially
evident with species such as grouper, shrimp and
Spanish mackerel.

The major difficulty in BahrainÕs fishery is the level
of illegal fishing (Directorate of Fisheries, 1993).
Regulations are in place, but enforcement of regu-
lations and compliance have been negligible.

National Mariculture Center  (NaMaC)

Hatchery technologies are currently being devel-
oped and refined at the National Mariculture
Center (NaMaC) at Ras Hayan (Shams & Uwate,
1996). Species undergoing hatchery and grow-out
trials include: grouper (hamoor), Epinephelus
coioides; two species of seabream (shaem),
Acanthopagrus latus and (sobaity) Sparidentex hasta;
and rabbitfish (saffee), Siganus canaliculatus.
NaMaC fish fry production between 1994 and 1996
is presented in Table 1. 

Grow-out capacity of NaMaC is limited. Starting in
1994, hatchery production exceeded grow-out
requirements. This provided the resources neces-
sary to initiate trial fish releases.
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Bahrain fish releases

1994

The objective of the 1994 fish-release efforts was to
develop and refine procedures for future large-scale
fingerling releases (see Uwate & Al-Ansari, 1994).
Youth volunteers completed pelvic fin clips on 7,000
seabream (shaem) and 8,000 grouper (hamoor). In
1994, fish were transported by towed barge in
1 tonne fibreglass tanks with oxygen aeration.
About 17,000 fish were released in 1994 (Table 2).

Several key issues became apparent during 1994
fish-release trials (Uwate & Al-Ansari, 1994): (1)
fish releases should be completed when water
temperature is not extreme (not above 35¡C); (2)
outboard engines broke often when speedboats
were used to tow the barge; (3) transport of 1,000
fingerlings with a 1 tonne aerated fibreglass tank
resulted in almost 100 per cent survival; and (4)
public cooperation was critical to the success of
this project. 

Interestingly, in 1994 the Directorate of Fisheries
received informal reports that some fishermen
were actually catching and selling large quantities
of grouper fingerlings to the consumer market.
This was done despite a media campaign during
fish releases.

1995

The 1995 fish-release objective was to demonstrate
that fish releases can be routinely accomplished by
the Directorate of Fisheries (Uwate et al., 1996).
Observations of 1994 fin-clipped fish indicated that
fins grew back in four to six months. In 1995 youth
volunteers tagged 3,000 shaem with plastic anchor
tags. Since grouper prefer caves and rocky areas
(where tags could catch), groupers were not
tagged. A total of 13,300 fish were released in 1995
(Table 2).

Lessons learned in 1995 (Uwate et al., 1996)
included: (1) truck transport and release was quick,
but bucketing fish from the truck to the sea was dif-
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Year Fry produced

Grouper Rabbitfish Seabream
Epinephelus coioides Siganus canaliculatus Acanthopagrus latus

1994 31,400 4,000 17,000

1995 11,000 59,000 0

1996 12,000 59,000 120,000

Total 54,400 122,000 137,000

Year Nos of fingerlings released

 Grouper  Rabbitfish Seabream
Epinephelus coioides Siganus canaliculatus Acanthopagrus latus

1994 10,000 7,000
1995 10,000 300 3,000 *
1996 8,250 116,000

Total 28,250 300 126,000

Table 1: Number of fingerlings released in Bahrain, 1994Ð1996

Table 2: Number of fish released in Bahrain, 1994Ð1996

* fish produced in 1994 and kept over winter prior to release
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ficult and hazardous; (2) boat and barge transport
was more reliable when lower boat speeds were
used; and (3) public cooperation was again very
helpful in the success of 1995 releases.

1996

In 1996, the objective of fish-release activities was
to refine technology and demonstrate that large-
scale fish releases could be completed by the
Directorate of Fisheries (Al-Hendi et al., 1996). The
quantity of fish released in 1996 was almost 10
times that moved in previous years (Table 2). Fish
were not marked in 1996 because: (1) there was no
budget for fish release; (2) time available for release
was very short; and (3) facilities and resources
(feed, water, manpower) for fish grow-out were
extremely limited.

As in the past, public cooperation was very helpful
in completing this project (Al-Hendi et al., 1996).
For two of the grouper releases, a private boat was
used (at no government expense). Most of the fish
releases were done using a six-wheel truck. The
problems of releasing fish by bucket were over-
come by attaching one or two 6 in diameter PVC
pipes to the flex hose on the truck tanks. Fish could
then be flushed directly into the sea.

Effects on landings

One key question about any fish-release pro-
gramme is: does it increase fish stocks and fish-
landings? Since there has never been any project
budget for fish releases, modern fish tagging tech-
nology could not be applied. The Directorate of
Fisheries routinely sends staff to record fish land-
ings (for its annual statistics report). Some anecdo-
tal reports have been received of large quantities of
small grouper and shaem entering the market just
after fish releases .

More recently, a model for grouper landings was
proposed and constructed (Radhi, draft). Linear
and quadratic time-series analyses were completed
applying the multiplicative decomposition model
(including seasonal, trend, cyclical, irregular com-
ponents). The quadratic time-series model gener-
ated closely resembled grouper landings from 1980
to 1994. Thus it was considered a good model.

Since fish releases started in mid-1994, a six-month
delay was assumed prior to impact of released fish
(Radhi, draft). Using the above model, landings for
January 1995 to June 1996 were projected and were
compared with actual landings (from the Fisheries
Statistical Services database). For this post-release
period, actual grouper landings were always
higher than those projected by the model. This sug-

gests that for grouper release, there has been a pos-
itive impact on the fishery, epecially, on landings.

Costs and benefits

Another critical issue for any fish-release pro-
gramme is: how do the costs of the programme
compare with the benefits? It is not appropriate if it
costs $ 10 to grow and release a fish, which is har-
vested and sold for $ 5.

Prior to initiating a fish-release project, it is possi-
ble to estimate costs and benefits. Production and
fish-release costs can be reasonably estimated
based on hatchery experiences and appropriate
budgets for transporting fish.

However, estimating the benefits of fish releases is
very difficult. Even with sophisticated fish mark-
ing and landing surveillance, it is difficult to detect
effects of increased landings, let alone quantify
benefits. What is the value of the additional fish? Is
it based on the landed or retail market price? the
value of a recreationally caught fish? the value to
the local economy? or a societal value? As noted
above (ÔStock enhancementÕ), even some large
stock-enhancement programmes have yet to show
any impact or benefits. 

In Bahrain, there has never been any additional or
supplemental funding for the fish-release pro-
gramme. In addition, until 1995, there were no
additional funds available to operate the National
Mariculture Center. NaMaC and fish-release costs
were all supported by the internal annual budget
of the Directorate of Fisheries. This budget has
been stable for the last few years. The only way
these major activities have been supported has
been by reallocation of resources within the
Directorate of Fisheries and by more efficient utili-
sation of existing resources.

As additional large-scale fish releases are com-
pleted in Bahrain and effects to the fishery are mea-
sured and documented (as in Radhi, draft), it will
be possible to quantify and value the economic
benefits of the Bahrain fish release programme. 

Discussion

Over the last few years, NaMaC has demon-
strated that it can mass-culture key fish species. In
addition, the Directorate of Fisheries has demon-
strated that it can transport and release fish any-
where in Bahrain and its adjacent waters. Fish
mortality during transport is very low, in most
cases zero. Public support, in the form of volun-
teers, has been extremely valuable in achieving
success with this project.
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Like artificial reefs, stock-enhancement pro-
grammes should be considered within the broader
issue of fisheries management (Shams & Uwate,
1996). Stock enhancement is just one tool available
to fisheries managers. In isolation, it will not cure
an overfished fishery, or compensate for structural
problems within a fishery. 

In Bahrain, a major marine resource issues is ille-
gal fishing (Directorate of Fisheries, 1993). Given
the magnitude of illegal fishing activities, the ben-
efits of even large-scale fish-release programmes
may be compromised. Efforts continue to address
this problem.

Finally, as large-scale fish releases continue and
more information becomes available, it would be
appropriate to assess the costs and benefits of the
fish stock enhancement project in Bahrain. 
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Grouper spawning aggregations need protection
by R.E. Johannes

Many coral reef food fishes aggregate in large
numbers at specific locations, seasons and moon
phases in order to spawn. Such fishes include
groupers, the main objects of the live reef food
fish trade.

These aggregations are prime targets for fishers,
who often take large catches from them. Groupers
have been virtually eliminated by overfishing in at
least five Pacific Island locations within Palau, the
Cook Islands, the Society Islands, the Tuamotus,
and on the Great Barrier Reef. Fishing over spawn-
ing aggregations at three of these locations has
been specifically implicated in their demise. It may
also have been a factor in the other two cases.

One aggregation fished by Palauans for centuries
was eliminated by a live reef fishing operation in
just three years. It is very likely that a great many
other aggregations of groupers have been elimi-
nated without written record because the slowness
with which Indo-Pacific marine biologists have
recognised and acted upon the need to locate, char-
acterise and protect them, even although descrip-
tions of their importance and vulnerability have
been in the scientific literature for almost 20 years.

Although details are hard to come by in many
areas, it is clear that grouper spawning aggrega-
tions are under increasing pressure because of the
live reef food fish trade and because of the ease
today with which aggregation sites can be pin-
pointed and relocated with global positioning
systems. In the Solomon Islands one Hong Kong
company was even described by an ex-employee
as using spotter planes and expert Chinese fisher-
men to locate likely grouper spawning sites using
reef topography.

Accounts obtained from fishers in the Philippines
and Indonesia reveal that they, also, are discovering
increasing numbers of grouper spawning aggrega-
tions as the depletion of shallow-water resources
forces them to dive deeper and further from shore.

One group of Indonesian fishers said they got such
high catches from spawning aggregations they
recently discovered that they no longer bother to
fish for the trade during the non-spawning season.
Such fisheries are not sustainable.

Marine resource managers should consider ban-
ning fishing on grouper spawning aggregations for
a second reason. Gravid females are reportedly
subject to significantly higher mortalities during
shipment. (Most shipped groupers are females
because they are the ones in the size range pre-
ferred by restaurants.)

The fish are treated with the anaesthetic MS222
prior to air shipment. This often causes gravid
females to release eggs into the water of the ship-
ping containers. The eggs clog their gills and prob-
ably also remove oxygen from the water. This
appears to be one of the reasons for the higher mor-
talities, according to shippers, even among fish that
are in prime condition.

Reducing transport mortality is in everyoneÕs
interests; every fish that dies means another must
be caught to supply consumer demand for live
fish. Some Australian live reef fish companies oper-
ating on the Great Barrier Reef have recognised
that targeting of spawning aggregations is not in
their own long-term best interests and actively
support closing the fishery during spawning
months. 

The most widely discussed marine conservation
measure in shallow tropical waters is the marine
reserve. Proponents often assert that the most
important function of marine reserves is to protect
spawning stock biomass and ensure recruitment to
fished areas by means of larval dispersal.

Clearly, for that reason, the boundaries of such
reserves should, wherever practical, encompass
spawning aggregation sites. There is little evi-
dence in the literature, however, that spawning


