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1. Introduction
The commercial grouper fishery which started in Maldives in the early 1990s expanded rapidly in the
following years due to the growing demand from Asian markets. Today, the Maldivian grouper
fishery is a fully developed fishery generating annual revenue of over 4 million USD.
Studies conducted by MRC (Sattar & Adam, 2005 and Sattar et al., 2011) show that the increasing
demand for groupers has put immense pressure on their stocks, with the fishery showing clear signs
of decline.
The latest grouper fishery review confirmed that the Maldivian grouper fishery is at a critical stage
and if it were to continue sustainably, immediate management measures need to be taken (Sattar et
al., 2011). Following the review, a grouper management plan was formulated with extensive
stakeholder consultations. The two management measures finalized adopted were:
1. Imposing catch and export size limits.
2. Designating 5 grouper spawning aggregation areas as MPAs.
Through a separate survey conducted in collaboration with IUCN to identify grouper spawning
aggregation areas, 175 such sites were reported (Sattar et al., 2011). These areas were then
shortlisted based on usage of the areas by island communities and resorts and further consultations
with fishermen.

Figure 1 Locations of the sites and their areas as given in the Grouper Fishery and Export Regulation
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The selected 5 sites (Figure 1) have been designated as ‘no-use’ MPAs (except as transportation or
innocent passage routes) for a period of 3 years. At the end of this period the sites will be reviewed
and another 5 sites will be selected based on the effectiveness of these MPAs. However, very little
data exists on these areas and for monitoring the effectiveness of the MPAs more studies need to be
undertaken to gain a broader understanding on the sizes, species and seasonality of aggregations.
To contribute to our existing knowledge on the MPAs, Marine Research Centre of the Maldives, with
funding from the Bay of Bengal Large Marine Ecosystems (BOBLME) Project, undertook activities to
monitor the 5 grouper spawning aggregation sites declared as MPAs. Activities undertaken include
procurement of dive equipment needed for the surveys and monitoring trips to each of the 5 sites.
The main objective of the activities supported from BOBLME Project was to obtain data on the sizes
of the aggregations at the sites including data on aggregating species and maturity. This report
presents the results of the underwater surveys which would complement the existing knowledge
and understanding of the biological features, as well as geomorphological features of the 5 grouper
MPAs and assist fishery managers in making future decisions regarding the MPAs. The details of the
work done under the BOBLME support are given in Appendix I. A list of commonly caught grouper
species is presented in Appendix II.

2. Methodology
As MRC lacked information on the bathymetric features of the channels where groupers are likely to
aggregate such as an isolated shallow reef or ‘thila’, the team consulted local fishermen on their
knowledge of such features. Where knowledge was readily available, the team manta towed in
search of such features. At sites where locals lacked the knowledge of such a feature in the area, the
team searched the area by manta towing and diving.
For the underwater sampling component of the activities, Nature Conservancy’s Field Practitioner’s
Manual for monitoring spawning aggregations was initially planned to be followed. However, due to
the conditions offered by the survey areas and survey periods, the “Fishwatch” protocol developed
by the Darwin Reef Fish Project was adopted.
Surveys at the sites were conducted around the new moon periods as noted in Table 1. Groupers
were recorded during timed swims of 15 minutes. During each dive 3 timed-swims are made at
different depths.
The divers swam at slow, steady pace along the reef, keeping to the same depth and drifted as
slowly as possible when currents were present. Groupers that were sighted within a 10 m belt (5 m
on either side of the diver), up to 5 m in the water column, were recorded along with the species
and estimated lengths, on data recording sheets as shown in Figure 2. Groupers hiding in caves and
overhangs were also included in the counts. GPS location of the survey sites, time, currents, and
turbidity were also recorded during each survey.
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Table 1 Dates when grouper spawning aggregation monitoring trips were made to each of the 5 MPAs

Date of new
moon

Arrival at site

Departure from site

Name of site

Atoll

10 Apr 2013

08 Apr 2013

15 Apr 2013

Boamas channel

Vaavu atoll

09 Jun 2013

06 Jun 2013

10 Jun 2013

Dhiffushi
channel

Kaafu atoll

05 Sep 2013

01 Sep 2013

06 Sep 2013

Dhiffushi
channel

Kaafu atoll

05 Oct 2013

02 Oct 2013

07 Oct 2013

Aligaa channel

Lhaviyani atoll

04 Nov 2013

01 Nov 2013

06 Nov 2013

Kudahuvadhoo
channel

Dhaalu atoll

For all species observed, except for Epinephelus spilotoceps, to find the proportion of mature fish,
the estimated lengths obtained during the surveys were compared with the Theoretical Maturity
Lengths (TML) published on the Fishbase website (accessed on 15th August 2011). TML was found for
E. spilotoceps, TML was obtained using MRC dataset as the maximum length recorded was higher
than the maximum recorded length for the species in Fishbase.

Figure 2 Sample of the Fishwatch data recording sheet used in underwater grouper surveys
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At the beginning of the surveys at Boamas channel, one individual each of P. areolatus and
E. fuscoguttatus, which appeared to be gravid, were captured to sample their gonads. Since the
team did not have the necessary equipment or expertise to extract eggs/sperm without killing the
fish, they were brought on-board the vessel to make an assessment. However since this method
resulted in killing the fish, it was decided to not repeat the procedure for the rest of the trips.

3. Results
At each MPA, multiple sites were surveyed since the exact spot (or site) where groupers aggregate
are not known. Figure 3 depicts summary results of the survey data including the number of sites
surveyed at each MPA (number circles), species composition, time of survey, depth and speed of
current at the time of survey. No groupers were recorded during the surveys at either Aligaa
(Lhaviyani atoll) or Kudahuvadhoo channels (Dhaalu atoll). The abundance and diversity of groupers
were found to be highest at Boamas channel (Vaavu atoll) with more than 100 individuals recorded
during the single largest count.

Figure 3 Recorded observations by species at sites in each of the three MPAs. Codes for grouper are given below

AL

Anyperodon leucogrammicus

EP

Epinephelus polyphekadion

AR

Aethaloperca rogaa

ES

Epinephelus spilotoceps

CA

Cephalopholis argus

PA

Plectropomus areolatus

CM

Cephalopholis miniata

PL

Plectropomus laevis
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CS

Cephalopholis sexmaculata

PP

Plectropomus pessuliferus

EC

Epinephelus caeruleopunctatus

VA

Variola albimarginata

EF

Epinephelus fuscoguttatus

VL

Variola louti

EFL

Epinephelus flavocaeruleus

Numbers of E. fuscoguttatus were high at all three channels - Dhiffushi, Muli and Boamas (Vaavu).
E. fuscoguttatus, P. laevis, C. miniata and C. caeruleopunctatus were found to be more abundant
than other species. E. fuscoguttatus was found to be the most abundant species at both Muli and
Boamas (Vaavu) channels whereas P. laevis was the most abundant at Boamas channel (Vaavu)
(Figure 4).
Sizes of E. caeruleopunctatus, E. fuscoguttatus and P. laevis were found to be greater at Dhiffushi
than the other 2 channels and were found to be restricted to a narrower range. At Muli and Boamas
(Vaavu) channels broader ranges of sizes were observed (Figure 5).

Figure 4 A species-wise comparisons of grouper counts at three MPAs

Figure 5 A comparisons of the mean sizes of the 4 commonest species (C. miniata, E. caeruleopunctatus, E. fuscoguttatus
and P. laevis) at the 3 MPAs
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4. Site specific results
4.1.

Vaavu atoll – Boamas channel and surrounding areas

From the 7 sites surveyed in Vaavu atoll, the total number of groupers observed (n = 410) and the
diversity of species were highest at Boamas channel (4 different locations, Figure 6). Epinephelus
fuscoguttatus (28% of total groupers observed) and Plectropomus laevis (27% of total groupers
observed) were found to be most abundant at the channel. Other species observed in high numbers
include Cephalopholis miniata (12% of total grouper composition), Plectropomus areolatus (8% of
the total grouper composition) and Epinephelus polyphekadion (8% of the total grouper
composition). Species observed in fewer numbers include A. rogaa, C. argus, C. sexmaculata,
E. caeruleopunctatus, E. spilotoceps, V. albimarginata and V. louti.
7 individuals of an unspecified species of groupers measuring between10-30 cm were also recorded.
Most number of P. laevis and E. fucoguttatus were found around mid-channel and the average sizes
were large at all surveyed points (Figure 6).

Figure 6 A comparison of the mean sizes of groupers at each point surveyed at Vaavu atoll

The female individual of P. areolatus captured to study the maturity of eggs measured 58 cm in
length and weighed 2.9 kg. The eggs, which were found to be near maturity stage, weighed 340 g
(Figure 7).
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Figure 7 Eggs of P. areolatus captured from Boamas channel during the surveyed period

The gravid E. fuscoguttatus, captured from Boamas channel measured 90 cm in length and weighed
11.0 kg. Its gonads weighed 3.0 kg (Figure 8).

4.2.

Dhiffushi channel, Kaafu atoll

At Dhiffushi channel, a total of 80 groupers belonging to 8 species were recorded. E. fuscoguttatus
(61% of the total grouper composition) and P. areolatus (13% of the total grouper composition) were
found to be the most abundant species at this channel (Figure 4).
Other species observed in fewer numbers include C. argus, E. caeruleopunctatus, E. polyphekadion,
P. laevis, P. pessulilferus and V. louti (Figure 4).

Figure 8 The gravid E. fuscoguttatus before extraction of its gonads (top left), gonad being extracted (top right), eggs
viewed under the microscope
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4.3.

Muli and Mulah channels (Meemu atoll)

A total of 368 groupers belonging to 12 species were recorded at this site comprising majorly of
E. fuscoguttatus (43% of the total grouper composition), P. laevis (25% of the total grouper
composition) and E. caeruleopunctatus (11% of the total grouper composition). Other species
recorded from this site include E. spilotoceps, C. miniata, C. argus, A. rogaa, P. areolatus and
P. pessuliferus (Figure 3).

5. Discussions
Although there is no specific number of fish that need to be sighted for an area to be considered as a
reef fish spawning aggregation site, Science and Conservation of Fish Aggregation (SCRFA) defines a
spawning aggregation as a grouping of a species of fish that has “gathered together in greater
densities than normal with the specific purpose of reproducing”. As we lack basic information on the
“normal” population or the residential population and the numbers that aggregate to spawn, a
one-off survey cannot be used to distinguish between both groups.
Ideally, a baseline study of groupers should be done during a non-spawning period, before
undertaking a survey during the spawning period, to determine if in fact the number of fish had
increased in the area for spawning. However, as no comprehensive studies have been conducted in
any of the 5 sites before these surveys, a comparison cannot be made with the baseline residential
population numbers. The results of this survey would serve as baseline data for the periods surveyed
at each site.
Based on previous observations, reports by fishermen and the results of the current surveys, it is
highly likely that the 3 sites – Boamas channel, Dhiffushi channel and Muli and Mulah channels are
areas where certain species of groupers aggregate to spawn during new moon periods. The high
numbers of adult groupers, especially gravid ones, at the 3 sites during new moon period increases
the likelihood of these areas being credible grouper spawning grounds. However, the fish counts at
each site presented in this report are cumulative observations from all surveys conducted at the
respective site. Therefore, some fish may have been counted multiple times, thus inflating the actual
abundance value. The highest count during a single survey was at mid Boamas channel (50
individuals of E. fuscoguttatus and 28 of P. laevis) which could be a small aggregation.
For Kudahuvadhoo channel of Dhaalu atoll and Aligaa channel of Lhaviyani atoll, absence of grouper
observations during the surveys could be due to several reasons. As all these spawning aggregation
sites had been identified by fishermen and the spawning aggregations which had formed at these
sites had been highly targeted by fishermen for years, aggregations at these two sites could have
been fished out. Another likely reason could be that surveyed periods might not have been spawning
periods. The team might even have missed the exact spot where groupers aggregate. In any case, it
would be important to continue surveying these two sites to monitor any changes which may occur.
As groupers aggregate during particular periods of the year and for a few days a month in those
periods (Colin et. al., 2003), without prior knowledge of the survey sites, a very narrow window of
opportunity was to be had to encounter an aggregation. Especially with no understanding of
underwater physical features of the sites, a lot of valuable time had been spent on searching for
likely aggregation spots which could have been spent on actual surveys. Bathymetry studies would
greatly aid in locating the exact spots where surveys need to be focused and would make future
survey trips more efficient.
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6. Recommendations






Bathymetric studies of the sites should be carried out, so that future underwater surveys can
be made more efficient.
At the present stage, monitoring at all 5 sites should be continued since the current surveys
are not sufficient prove the absence of spawning aggregations at both Aligaa and
Kudahuvadhoo channels.
Seasonality of spawning aggregations needs to be established by monitoring the 5 sites
regularly, throughout the year, for changes in numbers and diversity of grouper species.
Using satellite tags, migration routes of groupers need to be tracked to increase our
understanding of migration patterns and the formation of spawning aggregations.
Genetic studies should be carried out to determine whether there is a single population of
groupers across the country or whether there are discrete multiple populations in different
regions of the country. If there are multiple populations, then spawning aggregation areas
need to be protected strategically so as to conserve the different populations.
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Project completion report
Grouper resources conservation through spatial protection measures
June 2015
The grouper fishery which started in the early 1990s expanded rapidly and by 2005 had started
showing signs of decline (Sattar & Adam, 2005). Grouper fishery reviews conducted in 2005 and
2011 showed concerning results (Sattar & Adam, 2005 and Sattar et al., 2011) which prompted the
government to take action to manage the grouper fisheries of Maldives. Following extensive
consultations with major stakeholders of the fishery, the Maldivian Grouper Fishery Management
Plan was formulated. The two main measures taken under the management plan include
implementing a minimum catch and export size limit and protecting 5 areas identified as possible
grouper spawning aggregation sites (Ministry of Fisheries and Agriculture, 2011).
The 5 protected sites were identified through interviews with fishermen and although verification
studies had not been conducted, taking the precautionary approach, they were declared as ‘no-take’
MPAs. With the intent of acquiring baseline information on these protected grouper spawning
aggregation sites and gain a clear understanding on the effect of protected areas closed for fishing
on the status of grouper stocks, underwater surveys at those sites were undertaken with funding
from the Bay of Bengal Large Marine Ecosystems Project (LoA No. 42/2012).
In addition to monitoring the 5 sites to increase our understanding of local grouper spawning
aggregations, it was originally planned to carry out simple bathymetry surveys and gonad sampling.
However, due to the strong currents at the channels it was found impractical and time consuming to
carry out bathymetry surveys with the simple equipment MRC had access to. Therefore, it was
decided that detailed bathymetry surveys needed to be undertaken under another project. As large
numbers of groupers were not found at any of the sites, after a trial of gonad sampling at one site it
was decided not to continue the procedure at the given time since it involved extracting and killing
of the fish. Therefore physical features were relied upon to ascertain maturity of groupers sighted.
All survey trips were undertaken during the new moon period, when most grouper species have
been reported to aggregate to spawn. Although Nature Conservancy’s Field Practitioner’s Manual
(Introduction to monitoring of spawning aggregations of three grouper species from the Indo-Pacific)
had been originally planned to be followed, due to suitability and familiarity of surveyors to
Fishwatch protocol all surveys were adapted to follow the Fishwatch Protocol. Fishwatch protocol
was developed under Darwin Reef Fishery Project and is used to estimate the sizes and abundance
of species.
Results of the surveys indicate Boamas channel (Vaavu), Dhiffushi channel (Kaafu) and Muli and
Mulah channels (Meemu) to be grouper spawning aggregation areas. Although the surveys did not
yield positive results for Aligaa (Lhaviyani) and Kudahuvadhoo (Dhaalu) monitoring at these sites
need to be continued.
Surveys undertaken under this project would serve as baseline data on the grouper species and sizes
in the areas and increase our understanding of these spawning aggregations to facilitate more
effective management of Maldivian grouper resources.
The following survey trips were undertaken under this project.

1.
2.
3.
4.
5.

Activities
Survey trip to Boamas channel of Vaavu atoll
Survey trip to Dhiffushi channel of Kaafu atoll
Survey trip to Muli and Mulah channels of Meemu atoll
Survey trip to Aligaa channel of Lhaviyani atoll
Survey trip to Kudahuvadhoo channel of Dhaalu atoll

Dates
8 to 15 April 2013
6 to 10 June 2013
1 to 6 September 2013
2 to 7 October 2013
1 to 6 November 2013
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Participants of the survey trips, their roles, names of the vessels and the numbers of dives conducted
at each site are as follows:

Site surveyed

Participants

Institution/post

Role

Ahmed Najeeb

Fishery Project Officer
(Darwin Reef Fish Project)

Team leader,
surveyor

Yoosuf Rilwan

Assistant Research Officer –
MRC

Surveyor

Mohamed Ushan

Assistant Research Officer –
MRC

Surveyor

Mariyam Shida Afzal

Assistant Project Officer –
MRC

Surveyor

Ahmed Shan

Surveyor – EPA

Surveyor

Mohamed Ali

Marine Environmental
Specialist – CDE

Surveyor

Mohamed Afrah

Maldives Broadcasting
Company

Videographer

Afruh Rasheed

Maldives Broadcasting
Company

Videographer

Ahmed Najeeb

Assistant Project Officer –
MRC

Team leader,
Surveyor

Mohamed Ushan

Assistant Research Officer –
MRC

Surveyor

Mariyam Shida

Assistant Project Officer –
MRC

Surveyor

Mohamed Ali

Marine Environmental
Specialist – CDE

Surveyor

Mohamed Rasheed

Ex-MRC Staff/diver

Surveyor

Yoosuf Rilwan

Research Officer – MRC

Team leader,
surveyor

Riffath Naeem

Assistant Director – EPA

Surveyor

Ahmed Shan

Surveyor – EPA

Surveyor

1. Boamas channel
Vessel: Handy Cruise
Total dives: 13

2. Dhiffushi channel
Vessel: Gahaa,
Voyages Maldives
Total dives: 13

3. Muli and Mulah channels
Vessel: Kethi,
Voyages Maldives
Total dives: 8
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Liwaz Ibrahim

Professional Diver

Surveyor

Ismail Mahir

Professional Diver

Surveyor

Patrick Swenson

Marine Biologist – IUCN

Surveyor

Project Officer – MRC

Team leader,
surveyor

Rifath Naeem

Assistant Director – EPA

Surveyor

Mohamed Ali

Marine Environmental
Specialist – CDE

Surveyor

Hameed

Professional Diver

Surveyor

Ahmed Najeeb

Project Officer – MRC

Team leader,
surveyor

Mohamed Ushan

Assistant Research Officer –
MRC

Surveyor

Yoosuf Rilwan

Assistant Research Officer –
MRC

Surveyor

4. Aligaa channel
Vessel: Gahaa,
Voyages Maldives
Total dives: 8

Ahmed Najeeb

5. Kudahuvadhoo channel
Vessel: Sea Coral,
Voyages Maldives
Total dives: 7

In addition, the following dive equipment was also procured under the project.

Equipment
Wetsuits
Strobes
Diving masks
Surface marker buoys

Qty.
4
4
4
4

These equipment were used for the underwater dives and are currently looked after and stored at
the dive equipment storage at MRC. They will be continued to be used during future underwater
surveys.
A list of commonly caught grouper species is presented in Appendix II.
Detailed survey results and discussions are presented in the survey report titled “Grouper resources
conservation through spatial protection measures”.
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Appendix II
Species

List of commonly caught grouper species
Scientific name

Max. total
length
reported in
literature
1
(cm)

Aethaloperca rogaa

60

Anyperodon
leucogrammicus

Theoreti
cal
maturity
length
2
(cm)

Max. total
length
observed in
the Grouper
Fishery
Review 2011
3
(cm)

Theoretical
maturity
length based
on the
Grouper
Fishery
4
Review (cm)

30

44

22

65

32.5

49

24.5

Cephalopholis argus

60

30

48

24

Cephalopholis
miniata

45

22.5

43

21.5

Cephalopholis
sexmaculata

50

25

37

18.5

Cephalopholis
sonnerati

57

28.5

37

18.5

Epinephelus
areolatus

47

23.5

42

21

Epinephelus
caeruleopunctatus

76

38

52

26

Epinephelus
fasciatus

40

20

34

17

Epinephelus
flavocaeruleus

90

45

60

30

Epinephelus
fuscoguttatus

120

60

102

51
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Epinephelus
macrospilos

102

51

58

29

Epinephelus ongus

40

20

36

18

Epinephelus
polyphekadion

90

45

49

24.5

Epinephelus
spilotoceps

35

17.5

44

22

Plectropomus
areolatus

80

40

79

39.5

Plectropomus laevis

125

62.5

125

62.5

Plectropomus
pessuliferus

120

60

88

44

Variola
albimarginata

65

32.5

39

19.5

Variola louti

83

41.5

59

29.5

1

Source: Fishbase (website accessed August 2011)

2

Source: Shakeel, 1996

3

Source: Sattar et. al., 2011

4

Source: Sattar et. al., 2011

**Grouper Fishery Review 2011 dataset was used to find Theoretical Maturity Length in case where
Fishbase (www.fishbase.org) maturity lengths were not available or where the maximum reported
length is lower than the maximum observed length in the dataset of Grouper Fishery Review 2011.
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