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ABSTRACT

The live fish food industry has recently developethe Republic of Maldives
targeting grouper (Pisces: Serranidae) for expoftsian markets. This study uses data
collected in one central and one southern Maldieitati with the purpose of examining
the influence of fishing on these grouper assen@slagh\bundance of five grouper
species targeted by the live fish food industry en@Napoleon wrass€lgeilinus
undulatus), a targeted species in other countries but bafiroedexport in Maldives, was
estimated using timed transects in channel halmtdtaamu Atoll. One site in Kaafu
Atoll was resurveyed using the same methods as\aqus study four years previously.

Relative grouper abundance was significantly defifié among channels that
experienced different fishing pressure. Channéilskvhad been more intensely fished
had lowerPlectropomus areolatus andP. laevis abundance than more lightly fished
channels. One site surveyed in 1993 and 1997 sholear effects of intense fishing
pressure. Grouper species composition changedlugdrme period with targeted
species being less abundant in 1997 than 1993.ovérall size distribution shifted
towards smaller sizes in 1997. Density betweenwleyears was not different,
indicating a second-order effect where smaller-tamgeted grouper species increase in
abundance once larger species are removed.

Fishing pressure on grouper continues to increestaldives and many sites
show signs of local over-fishing. It is suggedteat protecting spawning aggregations
within a system of marine fishery reserves and maganon-protected areas through
other measures such as export quotas could resukustainable grouper fishery.

INTRODUCTION

The most recent fishery to severely threaten gegopppulations is the live fish
food trade. Grouper are caught throughout the-Paafic and shipped live to Hong
Kong as well as other southeast Asian countriel aacSingapore and China. The
purchase of high-priced fish is a show of wealtd status in many Asian cultures. Once
the grouper populations near Hong Kong were deg/ditehing fleets of small boats set
out for the Philippines. Fish buyers from Hong i§@nd Singapore now consider the
Philippines to be nearly depleted as a sourceafpgr, due to the low number of
individuals available for harvest (Johannes ang&iel995). These same buyers
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estimated that Indonesia had 3-4 more years bdfaas depleted as a source for
grouper. Fishing effort for grouper has intensifimcluding using larger vessels and
fishing farther abroad from the Maldives to the tns®d east to many of the Pacific
island nations.

There can be considerable environmental damage loypfish collectors. In
many countries cyanide is used to collect group@&tss poison stuns large fish, but kills
both corals and smaller fish (Johannes and Riep86)1 Restrictions have been
established in many countries, but generally to® dad with little enforcement. Given
appropriate management, live fish food fishing baran important sustainable source of
income. However, lack of management and the iaslgtidemand for live grouper has
resulted in the over-fishing of many grouper popates in the Indo-Pacific (Johannes
and Riepen 1995).

Maldivians have traditionally relied most heawly pelagic resources for food
and economic livelihood. However, subsistencellesef-fish fishing has always
occurred, especially in atolls which are far froood tuna fishing spots. During bad
weather or special times of the year (e.g. fagtiogth) reef fish constitute the main
source of protein for the islanders. In recentygetle demand for reef fish resources by
the tourist industry (e.g. lobster, reef fish) andside markets (e.g. Napoleon wrasse,
giant clams, sea cucumbers, groupers) has resnlted commercialization of reef fish
fisheries (Maniku 1994). This brings about intepsessure on reef resources due to the
high price paid by those external to Maldives. &ommple, in Laamu atoll, the beach-
side price for tuna in 1998 was 3.5 rf per kilogrérh.72 rf = 1 US dollar) while it was
300 rf per kilogram of dried sea cucumber. Thvpdes great incentive to switch to
these non-traditional sources of income. Theseldeing fisheries pose two main
threats: 1) over exploitation of the resources 2ncbnflicts with other user groups
(Shakeel and Ahmed 1996). The main user groudicbisf with tourist resorts which
rely on diving to attract many of their customers.

The most recent of these non-traditional reef-fisheries is the live grouper
trade. The fishery for grouper started about Jani@93 (Shakeel 1994a). Grouper
export rose from 200 t in 1994 to 1000 t in 199Ba}&el and Ahmed 1996). Exports for
1996 were expected to show about a 10 fold incrabsee the 1995 level (Mohammed
Shiham Adam, Marine Research Section, Ministryish&ries and Agriculture, pers.
comm.). There are at least 41 species of groupawvk from Maldivian waters (Randall
and Anderson 1993, Adam et al. 1998, Andersoh @088). However, only a few of
these are targeted commercially. In Laamu Atoll,example, the highest prices are paid
for the Plectropomus speciesEpinephel us fuscoguttatus andE. polyphekadion (Sluka
pers. obs.).Cephalopholis spp,Anyperodon luecogrammicus, andAethal operca rogaa
may fetch one fifth to one tenth of the price & tbrmer species. In fact, the
Cephalopholis species have been used to feed the more expap@eees as the
exporters did not think it worthwhile to use updhgpace on these less expensive species.
They continued to buy théephalopholis spp. from fishermen, but cut them up for food.
The hold of one vessel (14 ton capacity) was filleth E. fuscoguttatus and
Plectropomus spp. only (Sluka pers. obs.). The fishery isadgeshowing signs of over-
fishing. Collectors have shifted away from atalisse to Male' and now have collection
sites in all atolls (Mohammed Haleem, Oceanografbicety of Maldives, pers.
comm.).
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Grouper are collected using small rowboats (1-&pfe), sailing vessels (3-4), or
large mechanized boats (7-8) (Shakeel 1994a,h)ingaessels may catch 50-80 fish
per day, while mechanized boats, 100-170 (Shak¥®ld). The fishermen use
snorkeling gear and handline directly from the wate this manner, they can identify
individuals they would like to catch and pursuénePreferred bait is the goldband
fusilier (Pterocaesio chrysozona). A hook is placed through the rear of the fesiso that
it remains alive and swimming, thus attracting greeru The daily catch of fishermen are
then either placed in their own small cages oratliyeorought to the collector's large cage
facility. Shakeel (1994a) estimated a 5-20% miytahte in boat holds. This is due to
poor water quality in holds, overcrowding, and dgm#o the fish during processing. A
number of fish die due to the hook being swallowesilting in internal bleeding.
Another source of mortality is the rapid expanssdthe swim bladder due to the fish
being pulled rapidly to the surface. The fishermadrase the air from the bladder with a
sharp tool, but may pierce too deeply resultingpiarnal bleeding.

Grouper are bought from the fishermemlycal collector who acts as a
middleman with the foreign exporter (usually frorartdg Kong). The price paid to the
fisherman depends upon demand (how immanent igrthal of the foreign collector
vessel and what the mortality of fish in cagesteen), species, and size. These
different groups of fish are held separately inesagpproximately 4 x 3 x 2.5 (depth) m
in measurement. These cages are generally sugdnyriz framework of metal piping
and held afloat by empty plastic fuel barrels. tdbty in cages can be quite high, up to
30% for thePlectropomus spp. (Mohammed Afeef, grouper exporter pers. cgmithe
fish are then transferred to a foreign collect@set at which time the Maldivian
intermediary receives monetary compensation.

Shakeel (1994a,b) estimated the maximum sustarnadld of grouper for each
Maldivian atoll which totalled to 1,800 t. For Lraa Atoll, Shakeel (1994a) estimated
the maximum sustainable yield of groupers fromlskatoral reefs at 27 tons per year.
The foreign collection vessels have holds of appnately 14-16 ton capacity. These
vessels may collect from more than one atoll, ddjmgnon where the Maldivian
intermediary has his collection bases. One vesslgcted approximately 7-8 tons of
grouper on one trip to Laamu Atoll (Sluka, perss.pb Another vessel was already on its
way to collect the remaining fish in cages and &ksswere expected at least every 6-8
weeks. If we assume that 1-2 collection tripsuo@very 6-8 weeks, then 42-139 tons
would be collected per year. In 1994, fishermenevadready reporting that their catches
were declining, especially in Alifu and Vaavu Am([Shakeel 1994a). Shakeel and
Ahmed (1996) concluded that based on export figimeall Maldives combined (1000 t)
and the mortality rate in fishermen's and expateolding facilities, that the maximum
sustainable yield for grouper was likely surpagsetP95.

The purpose of this paper is to review the nadfitbe Maldivian grouper fishery
and use data collected under different fishingnsitées and durations of fishing pressure
to examine the impact of this fishery on groupeeasblages.



METHODS

Abundance surveys

Grouper abundance (no. fish 10 mint)teras determined for six of the seven
channels (see Figure 1 in Part 2 of Sluka 200X alihg from the inner atoll lagoon to the
open ocean, at least once, using the same metlyyddédailed in Part 2 of this series
(Sluka 2001a). Briefly, eighteen 10-minute survesth a transect width of 10 m were
conducted in each sampling session. Mundoo Chavasesurveyed nine times between
April-June, 1998 while Vadinalhu and Fushi chanmatse surveyed twice during this
same time period (Table 1). The other three cHarvmere surveyed once. A one-way
ANOVA was used to test for significant differenagedish abundance among the six
channels for each targeted species. A percenlasityiindex was calculated among all
six channels using the abundance of the five tathgtouper specie&ginephelus
fuscoguttatus, E. polyphekadion, Plectropomus areolatus, P. laevis, andP. pessuliferus)
and the Napoleon wrass€hgilinus undulatus). This matrix was used in unweighted,
group-average linkage clustering to examine whiw@maoels were most similar with
regards to targeted species abundance.

Resurvey of sampling site in Kaafu Atoll

Sluka and Reichenbach (1996) reported the restitampling Gaagandu reef
slope for grouper density, diversity, and average.sGaagandu is a small island near
the capitol of Maldives, Male' in Kaafu Atoll, agximately 210 km north of Laamu
Atoll. Data were collected in June and July, 1998is represents the time period when
the grouper fishery started in Maldives. Sluka BRetchenbach (1996) showed that
fifteen 240 nd would capture about 80% of the grouper speciesrsiity and achieve a
precision around the median density of about 10%us, sixteen 240 friransects were
surveyed at Gaagandu reef slope in March, 199Xame the impact of almost four
years of fishing on grouper diversity, density, ame distribution. A 20 m transect line
was laid haphazardly along one depth gradient. tidmsect was searched for groupers
using a zig-zag swimming pattern, searching icalles, crevices and holes (GBRMPA
1978). A width of 6 m was visually estimated awtnh each side of the transect line.
The number and size (nearest 5 cm) of each indaithin transect boundaries was
recorded. The total number of grouper observedrpasect was compared between the
two sampling dates using a t-test. Fish sizes wka®=d in one of five categories, to
match data in Sluka and Reichenbach (1996): < Sebh, cm, 16-25 cm, 26-35 cm, and
> 35 cm total length. A Chi-square test was usdedt for significant differences in the
size distribution between sampling dates.

RESULTS

Abundance surveys

There was no significant difference in abundamergy channels for any species
(p>0.05) excepPlectropomus areolatus (n=282, k 275=2.2, p<0.05) ané. laevis
(n=282, [ 2754.8, p<0.001) (Figure 1). The Tukey testRoareolatus was
inconclusive, but the test for Revis showed that it was more abundant in Mundoo
Channel than Gaadhoo Channel or one of the samgiéitess in Vadinolhu Channel,
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Figure 1:Mean abundance +/- 1 SE (no. fish 10-ef target species in all channels

but similar amongst all other channels. Figuré@iss that channels clustered into two
groups: Fushi, Munnafushi, and Mundoo channels warst similar as well as Gaadhoo,
Maavah, and Vadinolhu.

In addition to surveying for targeted grouper $pgcany grouper species was
recorded that was present in the channel. Thidedea species list for each channel
(Table 1). A total of 18 grouper species were olein channel habitat in Laamu
Atoll.

Resurvey of sampling site in Kaafu Atoll

Mean grouper density (no. 24G)mvas not significantly different between 1993
and 1997 (t=1.299, df=35, P>0.05). The mean demsit993 (1 SE) was 25.2 (1.5)
grouper 240 ) while in 1997, 22.1 (0.5) (Figure 3). The sizstribution, however, was
significantly shifted towards smaller sizes£X156.8, df=4, p<0.001). Figure 4 shows
that there were fewer larger fish, especially gredtan 35 cm, in 1997 than in 1993. In
1997 targeted grouper species were rare, with tadyEpi nephel us polyphekadion
observed, and nBlectropomus spp. These targeted species were not abundaaei
but more commonly observed. The species compaosias similar, with the
aforementioned exception. There were 17 groupesiep observed in 1993 and 13 in
1997. However, sample size was much higher in 1888 1997, 48 and 16 transects,
respectively. When the number of species obsearv&@97 is corrected for sample
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Figure 2: Cluster diagram showing the relationsi@fween all study channels based
upon the abundance of targeted species.

Table 1: Grouper species observed in Laamu Atahaokls.

Species Mundoo  Fushi  Vadinolhu Munnafushi Maavah adbBao
Date surveyed 3/31- 4/26, 4/23, 6/9 6/9 6/10 5/23
6/19" 5/24
Aethal operca rogaa X X X X X
Anyperodon X X X X X

luecogrammicus

Cephalopholis argus X X X X X
C. leopardus X X

C. miniata X X X X X
C. sexmaculata X

C. urodeta X X X X X
Epinephelus X X X
caeruleopunctatus

E. fasciatus X

E. fuscoguttatus X X X X X X
E. polyphekadion X X X X
E. spilotoceps X X X
E. tauvina X

Gracila X X X X X X
albomarginata

Plectropomus X X X X X X
areolatus

P. laevis X X X X X X
P. pessuliferus X

Variola louti X X X X X

1This channel sampled multiple times during thisetimterval.
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size using the graph in Sluka and Reichenbach (1986species can be assumed to be
present in 1997.
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DISCUSSION

Grouper species diversity was similar to a prewistwdy in Laamu Atoll (Sluka
1998). A total of 18 grouper species in seven genere observed in this study, while
25 species in seven genera were identified by ¢€8A001b). Both counts are much less
than the total number observed for all Maldiveg bfRandall and Anderson 1993,
Adam et al. 1998, Anderson et al. 1998). The rspities differences between channels
surveyed in this study and the previous study lbk&In Laamu Atoll was in fewer
small, cryptic and rare species. This could betduewer sampling time or related to
habitat differences among channels and other typesefs. Sluka (2001b) found 19
grouper species on reef slopes on the ocean sithe aftoll, 24 on reef slopes inside the
atoll rim, 17 on faros, and 3 in lagoonal habitaBhannel habitat grouper diversity was
most similar to outer reef slopes and least simiddagoonal habitats.

Data from all channels indicate two separate gsamfchannels cluster together:
deeper, more intensely fished channels and shaésw,intensely fished channels.
While there is currently only one grouper collentgte in Laamu Atoll (located on the
island of Kashi Guraidhoo, next to Maavah Channelhe past several years there was
another site located near Maamendhoo which istee®aadhoo Channel. Grouper
fishermen from Laamu and other atolls bring thisin to these sites and sell them to the
grouper collectors. According to local villagems,ich of the fishing for grouper in the
past several years has been conducted on the wesglerof the atoll which includes the
areas around Kashi Guraidhoo and Maamendhoo. d-R&jghows tha®lectropomus
areolatus andP. laevis abundance was lower in these more heavily fishedmels than
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in less intensely fished channels. Munnafushi @e&(also located on the western side
of the atoll) is a shallow channel (approximatelyrit depth) with extremely high current
speeds (pers. obs.). These physical differenkely laccount for less fishing pressure in
this channel. These data reinforce the alreadywdwEming evidence that intensive
fishing results in sites with significantly decredsyrouper abundance relative to
unfished sites (see Sluka 1998 for a review).

Resurvey of sampling site in Kaafu Atoll

It appears that fishing pressure at the site Geagandu island has resulted in a
shift in species composition and size distributiout, not in mean density. This may
indicate compensation, the so-called second offtesteshown by other researchers
(Bohnsack 1982, Goeden 1982, Watson and Ormonrdl, BJ9ka et al. 1996, Sluka and
Sullivan 1998). When larger grouper species areoxed, smaller species become more
abundant. This may be due to a reduction in coitigebr predation, but no
experimental evidence is available to suggest tbst tikely mechanism for this
occurrence. Bohnsack (1982) found that graysbywesre abundant in sites
unprotected from spear-fishing relative to sitestguted. Watson and Ormond (1994)
found that the relative contribution of smal{&sphalopholis spp. was significantly
greater in sites unprotected from artisanal fismagsus those protected. Grouper
species in an unexploited condition may signifipaobmpete for resources intra- and
interspecifically. The release of this competitaord/or predation may allow the smaller
species to increase in abundance due to the irche@ssources available to them.
There are no data that | am aware of to suggeslaitger grouper species are preying on
smaller grouper species (Randall 1967, RandalBandk 1960, Kingsford 1992).
Stomachs contents &pinephelus merra (n=481),Cephal opholis argus (n=280),C.
miniata (n=48),C. urodeta (n=71), andPlectropomus leopardus (n=7) contained no
grouper (Randall and Brock 1960).

The shift in size distribution from larger averagee in 1993 to smaller average
size in 1997 is likely due to the direct effectdishing. In 1997 no Plectropomid species
were observed. These species are among the ngbsy Bought after for the live fish
food trade. While these species were not abundar@93, they were regularly
observed. Data from Sluka and Reichenbach (199@grestimated the abundance of the
Plectropomus spp. due to using fixed area transects. Thesgespare highly mobile and
are more amenable to sampling using timed courgs/(han et al. 1997). This shift in
species composition and size distribution is caestswvith shifts observed in other
grouper populations subjected to heavy fishing §R1#85, Russ and Alcala 1989, Sluka
et al. 1997, Sluka and Sullivan 1998).

Effects of fishing on grouper populations

Intensive fishing for grouper results in a popoiathat has different
characteristics than an unexploited populationou@er in fished areas, relative to
unfished ones, tend to be smaller in average kEige dense, and collectively produce
fewer eggs. There are also significant genetiongba where fishing selectively removes
individuals with particular life history featuresch as large size. Sixteen grouper
species were recommended for inclusion in the IUR&NM List of Threatened Animals
(Hudson and Mace 1996). Most of these specietharkarger groupers, which are the
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target of commercial and recreational fisherieke Targest of all grouper species, the
giant groupeEpinephelus lanceolatus, is included in the proposed list and occurs in
Maldives.

The growth and reproductive characteristics otigess render these species
especially susceptible to over-fishing (Shapir@Z;Bannerot et al., 1987; Huntsman
and Schaaf, 1994). Groupers which are targetdishiyng generally grow slowly to a
large maximum size (Manooch, 1987). The removéduafer individuals leaves behind
smaller individuals to spawn. Over many generatidinis can result in a decrease in the
size/age at sexual maturity (Ricker, 1981) and désoease the average size of the
population (Roberts and Polunin, 1991). Fishirgspure can cause genetic shifts in the
age/size at first reproduction, growth rate andese the genetic variation in the
population (Sheridan 1995).

Many grouper species are protogynous hermaphsyditanging sex from
females to males later in life (Shapiro, 1987)rdea groupers are generally males, and at
intensive fishing levels, the number of males m plopulation can be drastically reduced.
If too many males are removed, sperm can becomengior reproduction (Bannerot et
al., 1987). If sperm is limiting, protogynous ste@are more vulnerable to over-fishing
than gonochoristic stocks (Huntsman and Schaa#)199pecies which are protogynous
may experience a drastic reduction in reproductaggacity, even at moderate levels of
fishing (Huntsman and Schaaf, 1994). In additmprbtogyny, the reproductive
behavior of groupers may increase their suscepyilbd over-fishing.

Many species of grouper aggregate to spawn irootwo months of the year.
Grouper spawning aggregations are the focus of ceneial, recreational, and artisanal
fisheries throughout subtropical and tropical regiof the world (Olsen and LaPlace
1978, Johannes 1988). Groupers appear to be alpacdsceptible to over-fishing at
this time due to 1) behavioral changes renderiegittess wary of fishers, 2) fishing of
spawners prior to gamete release, 3) selectivevahod larger males, potentially
resulting in sperm limitation (Bannerot et al. 198%) aggregations returning to the same
place at the same time each year, and 5) condentiEtpopulations, thus effectively
fishing a very large area as groupers may travelymkdometers to the aggregation.
Intense fishing of grouper spawning aggregatiorssiéad to decreases in abundance and
mean size of individuals as well as strongly ferfadsed sex ratios (Sadovy 1994,
Coleman et al. 1996, Koenig et al 1996). This tlesults in reduced average fecundity
of the population and ultimately, decreased ponatize, reduced population growth,
and extinction (Coleman et al. 1996). Extinctiauild be economic, too few individuals
of a species for a fishery to exist; local, lackanf individuals at a particular site; or
complete, lack of any individuals of a species amgre.

Coleman et al. (1996) have shown that the natiaegoouper species'
reproductive behavior influences their susceptiptl fishing pressure. For example,
two heavily fished species in the Gulf of Mexicatlimigrate to spawn in aggregations
and have spatially segregated sexes (i.e. malefearales live in different places
throughout the year) had severely reduced sexstatitnwever, in the same location, a
species where males and females have access tothachhroughout the year and do
not aggregate to spawn have not had marked sizexaatio changes in the past 25-30
years, despite intensive fishing pressure. hustimperative to understand the
reproductive ecology of the species sought afténénlive fish food trade. The two
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Epinephelus species studied hereif, polyphekadion andE. fuscoguttatus, have been
shown to aggregate to spawn in other places éeew by Domeier and Colin 1997).
Similarly, Plectropomids have been observed toegpge for spawning in other studies
(Goeden 1978, Johannes 1988, Samoilys and Squdr.1®art 2 of this study (Sluka
2001a) indicates th&t ectropomus areolatus aggregates to spawn in Maldives, based
upon the definition of a three-fold increase in fens at a spawning site (Samoilys
1997). Itis not known how the separate sexesligtebuted spatially. According to
Coleman et al. (1996), if these species were abjledge the population sex ratio
throughout the year (i.e. sexes not spatially gegesl), intense fishing would not alter
population sex ratios. If the only time a femad@ qudge the population sex ratio, and
thus determine whether or not to change sex tole, maring the spawning aggregation,
then intense fishing pressure would significanttgrgpopulation sex ratios. In either
case, aggregating species are highly susceptilibead extinctions (Coleman et al.
1996). In some cases, aggregations which wereessftdly fished artisanally have
disappeared due to the increased pressure brooighit lay gear improvements or outside
markets.

Little is known about how many times an individgabuper will travel to an
aggregation in one spawning season, nor how farcaividual generally swims to arrive
at these points. Johannes et al (1995 in Zell@718bserved a individu&épinephelus
polyphekadion in Palau to travel 10 km to an aggregation sitagged Nassau grouper
(E. striatus) have been shown to migrate to spawning aggregatip to 110 km (Colin
1992) and 240 km (Carter et al. 1994) distant @mBAhamas and Belize, respectively.
However, Samoilys and Squire (1994) found aggregatites for the groupé.
leopardus as close together as 1 km. In addition, both Sgs(1997) and Zeller (1997)
found smaller aggregations near to the primaryegggion sites. Thus it is unknown
how many aggregation site occur in an atoll. #réhis only one site per atoll and this
site is heavily fished during the aggregation tithe, entire reproductive output for the
atoll could be diminished to the point where theudation cannot sustain itself and
abundance levels fall to the level of being ecoratty extinct. However, recent
research by Zeller (1997) suggests that not ali@dxmaturePlectropomus |eopardus
traveled to spawning aggregation sites. He sugddhat if less than a third of the
population moves to spawning aggregations duriegspfiawning season that this species
may be more resistant to over-fishing than otheuger species.

Management options

The Maldivian grouper fishery is under consideeatitess. There is currently
fishing for grouper in all atolls. Grouper exposteomplain about reduced abundance
and smaller individual sizes in some atolls. ®tigly also showed that fishing pressure
is negatively influencing the relative abundancéaofeted species in Laamu Atoll and
that the size distribution and species composiiogroupers at one site in Kaafu Atoll
has been significantly reduced and altered towsmtler sizes and fewer commercially
important individuals. These are classic signsitanse fishing pressure. Adam et al.
(1997) noted that the grouper fishery is rapidiganding and that a pattern has been
established of over-fishing one atoll and then mgwn to over-fish the next. Clearly,
based upon the experience of other countries andrésent state of development of the
Maldivian grouper fishery, management action isessary. Research suggests that the
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best management strategy for both maintaining grofipheries and conserving natural
population size, structure and diversity is to pobigrouper spawning aggregations
within a series of marine protected areas (Sad@@¢ 1 Turnbull and Samoilys 1997).
Sadovy (1994) noted that protecting spawning agdiegs alone, may not be sufficient
to prevent over-fishing. The management strategstiiikely to succeed in both 1)
maintaining a population that can sustain substhfishing pressure and 2) avoiding
over-fishing focuses on both the spawning and nE@awsing times and areas. Spawning
aggregations should be closed to fishing, eithgpdrynanently closing these areas to
fishing or using temporal closures surroundingtitme of spawning. The population
should also be managed during non-spawning timeg nsethods such as marine
fishery reserves, quotas and/or size limits. Eiftdive sites have been designated as
marine protected areas where fishing activity isneal. However, these sites are small,
only located in three atolls, and regulations areemforced (Adam et al. 1997).

Fisheries management regulations can basicaltiMided into two categories,
controlling the amount of fish caught or the effesed to catch them. Managers
throughout the world have used a variety of regutetwithin these two categories
including limiting the total number of grouper catgnd the individual or collective
weight of an individual fisherman's catch. Efflamiitations include restricting gear
types, seasonal or spatial closures to fishing,raqdiring gear to be less efficient.

Shakeel and Ahmed (1996) made several suggedtiottee management of the
Maldivian grouper fishery: 1) limiting fishing iraeh atoll, 2) limiting export, 3) closed
areas (but not necessarily permanently closedjiz4)restrictions, 5) improved data
collection, and 6) aquaculture.

The potential yield of grouper for each atoll veasculated by Shakeel (1994b).
He gives a total maximum sustainable yield forwh®le country of 1,800 t, a figure
which was likely reached in 1995. The problem wasing this method, as pointed out
by Shakeel, is that there is a variable and sicgaifi grouper mortality before export, no
method of collecting species-specific data, andattwiracy of the yield estimate is in
guestion. There is already a problem of fishermening to other atolls to catch grouper
and this would likely cause more tensions betweeltsavith low quotas and those with
high quotas. Quota systems are a common meanar@gimg grouper fisheries, but
appear, based upon the fact of almost universaky-bshed grouper populations, to be
ineffective as a management system for these speduhile theoretically sound, catch
guotas are dependent upon detailed biological atchaata as well as efficient
enforcement. Practically speaking, quotas arellyssizrpassed before the statistics are
collected which show the quota has been reached.

Export could be stopped once the maximum susti&nadld is reached.
However, this method is dependent upon timely axedirate data collection. This
method could be rendered ineffective by signifigameéiching, lack of data, and/or
mortality due to catching, handling, or holding gedures (Wilson and Burns 1996,
Shakeel 1994a,b).

Limiting the number and/or size of fish collectah easily be rendered
ineffective due to significant mortality of undersd fish (Wilson and Burns 1996).
Measures such as effort limitation and size lirares unlikely to rehabilitate over-fished
grouper stocks (Huntsman and Schaaf 1994). Fanpbea size limitation is complicated
by release mortality (Huntsman and Schaaf 1994hufers brought up from relatively
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deep water (>30 m) suffer injury and likely mortafirom the expansion of the swim
bladder and other internal air cavities. Wilsod &urns (1996) showed that the survival
rate of undersized grouper caught deeper than ésress than 33%. The conclude
that this rate is too low for the size limit in péato be effective in increasing yield.
Render and Wilson (1996) showed that the mortadity of snapper brought from 21 m
depth to the surface and then released (eitherthétiyas bladder inflated or deflated)
was 20%. It appeared that there was a highendndble, mortality rate in fish caught
deeper than 21 m. They concluded that gas blatifkation did not significantly reduce
mortality and may introduce another source of nibytevhen not performed properly.

Marine fishery reserves

Coral reef fisheries are usually managed by thédtion of catch and/or effort.
However, grouper populations throughout the woddenshown drastic changes in their
population structure, despite these managementuresagSadovy 1994). One
management option that has been proposed to cambafishing of coral reef fish
stocks is to establish marine fishery reserves ()RRDT 1990). The Plan
Development Team (1990) defined MFRs as "areasg@®ently closed to consumptive
usage". The benefits of MFRs are numerous anddeqgbrotecting the age structure of
the population, maintaining genetic variabilitydgoroviding broodstock to replenish
other areas. Based on previous experience withsvtki®ughout the world, it is
expected that MFRs will have similar beneficiakets on any reef fish populations.

Several reviews of the benefits and design of megfishery reserves have
recently been completed (PDT 1990, Roberts andn#oll991, Dugan and Davis 1993,
Rowley 1994). Marine fishery reserves result lmigher abundance and larger
commercial species in the reserve than outsidesferve and protect the spawning stock
biomass of these species (Russ et al. 1993).

There are two general means by which reservedibaoal fishermen in terms
of increased catch: larval transport and spillafeadults. Little research has been
carried out on these two processes. Most coréfistehave a bi-partite life cycle with
relatively sedentary adults and pelagic larvaeg38P1). The fecundity of fish is related
exponentially to their length, so that a large fisly reproduce hundreds of times as
much as a fish half its size (PDT 1990). Adultawep eggs that are buoyant and float
downstream of the prevailing current patterns. seheggs develop and settle in areas
that are fished, thus replenishing those populatioihile adults are relatively sedentary,
a certain percentage of the population will makgdascale movements in a short period
of time and many of the adults will move distanogseveral miles throughout their life
(PDT 1990). The movement patterns of a pofgyr&cinus capensis) in South Africa
were studied by tagging and releasing individuatsifood and Bennett 1994). Over
several years, they found that 17.8% of the tage weturned outside of the reserve.
Those found outside of the reserve had moved amimi of 25 km and a maximum of
1044 km. This is similar to most tagging studiesvhich most individuals of sedentary-
type fish remain in a small area with a few nomihds travel long distances. Through
the movement of adults out of the MFR, the yielfishermen along MFR edges is
increased. Sluka et al. (1997) showed that measdlagrouper density was higher in
the 5 km adjacent to the park than at distancélseflafrom park boundaries.
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CONCLUSION

Management of the live grouper trade in Maldinvgeesrgent. Evidence from
around the world suggests very strongly that unmea@r improperly managed grouper
fisheries will become over-fished quite quicklyheFe is already evidence of over-
fishing in Maldives, and the fishery is only 4-5aye old. Several management options
are available. Scientific evidence suggests th@epting a significant portion of the
coastal habitat in marine fishery reserves is st lInanagement option for both the
resource and resource users. Reserves designgiégrer management need to protect
spawning aggregations. As a prelude to a resgmsters, the banning of fishing grouper
spawning aggregations would provide the next estegyy for long-term use of the
resource. Given the current lack of a detailed datlection system for reef species
(Shakeel and Ahmed 1996), it is unlikely that limgt catch or export using maximum
sustained yield figures will provide long-term gration for the resource and resource
users.
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