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Questionnaires were used to collect general
socioeconomic information on local
fishing
communities in the southern part of Phuket Island,
Thailand. The majority of household representatives
interviewed in target communities were strongly
fishery dependent, having been fishing for their entire
working careers (76%), or being primarily fishermen
also engaging in other supplemental livelihoods
(13%). Important small-scale fishing practices
included fish trap, hook-and-line, dive-fishing, and
gill net fisheries; the former two being the most
common. Fishing grounds were not always strongly
restricted to coral reef areas, and varied depending on
the types of fishing gear used. Monitoring of catches
from hook-and-line and trap fisheries of selected
individual fishers was carried out to estimate fishing
effort and yield. Catch rates of hook-and-line fishing
for each individual boat-trip (usually spending 1-2
days with 2-4 persons per trip) ranged between 8.7
and 155 kg, with an average weight of 38.8 kg/trip.
Trap-fishing yielded 10-92 kg for each individual boat
trip (usually taking 7-8 traps left in the sea for 7-15
days) with an average weight of 31.1 kg/trip. Because
catch monitoring was carried out during the south
west monsoon season, it is assumed that fishing effort
and catch were relatively low. However, a minimum
estimate of annual fishing yield was extrapolated for
the area. Based on data from the present study, fishing
yields from the southern part of Phuket for hook-and-

line and trap fisheries collectively were in the range of
515-772 metric tons per annum.

6>!,?@A;!6?>$
Fishing is a common reef-use pattern among local
communities on the Andaman Sea coast of Thailand.
The livelihoods of indigenous people in particular
(including 3 ethnic groups, Moken, Moklen and Urak
Lawoi, collectively referred to as ‘sea gypsies’), are
traditionally completely dependent upon reef
resources. However, over the recent past their fishing
opportunities have been greatly limited due to several
constraints such as expansion of proclaimed protected
areas (i.e. marine parks, marine sanctuaries) and
tourist areas, legal restrictions on fishing equipment
and species caught, degradation of marine resources,
and rising cost of fuel and fishing equipment
(Arunotai et al., 2006, Arunothai this volume). There
are 13 Marine National Parks along the Andaman Sea
coast of Thailand, covering a variety of marine and
coastal habitats. Most notably, almost all major coral
reefs are located in marine parks. In the southern part
of Phuket, the area encompassing Hi, Lon, and Aeo
Islands and the south-east tip of Phuket Island was
proclaimed a sanctuary in 1969. In 1992, Phuket
Province was designated as an environmental
protection area, and fishing of ornamental fishes was
totally banned. Dynamite and cyanide fishing have
been prohibited since 1985, and “muro-ami” dive-in
net fishing has been banned since 1997.

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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informal discussion with key informants, and
recording catch data in 5 local fishing communities in
the southern part of Phuket Island: Rasada, Talad
Nua, Talad Yai, Vichit, and Rawai sub-districts (Fig.
1). Through interviews household members were
asked about their personal background (e.g. age,
education, occupation and income) and more
specifically about their fishing activity (e.g. type of
fishing boats, fishing gears, fishing grounds, and
species targeted). In addition, monitoring of catches
from hook-and-line and trap fishing among selected
individual fishers was carried out between July and
December 2006. Data sheets were distributed to a
number of fishers to record total catch, species
composition, and the value of the catch obtained from
each boat trip. Data sheets were retrieved once a week.
As keeping this kind of record of fishing operations
was unfamiliar to many fishermen, particularly among
the indigenous community, data sheets were filled and
returned somewhat inconsistently. Three to five trap
fishers and 7-10 hook-and-line fishers cooperated well
in provision of data.
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A total of 63 interview responses were obtained from
local fishermen in the 5 sub-districts surveyed, of
which 62 were men. The age of respondents ranged
between 23 and 74 years, with an average of 47, while
education backgrounds were mostly at primary school
level, with 38 % attaining 4th grade and 33% 6th,
followed by junior high school (6%) and high school
(5%). Eighteen percent of respondents were illiterate,
primarily from the ‘sea gypsy’ communities at Rawai
and Rassada sub-districts. It should be noted that
there has been much improvement in education level
among young people in these fishing communities as
they are increasingly encouraged to study. About 76
percent of the interviewees were relying solely on
fishing for an occupation, 13% were primarily
fishermen that also engaged in other kinds of
supplemental occupations, and the remaining 11%

./F40#$G"!#$%&$'(!()*+',%!*-!.&/!%01223%412/!)//-!
-$%&/)$/%!$'!.&/!%*+.&/)'!51).!*-!6&+7/.!8%21',"!

While poverty and hardships are common in local
fishing communities, there are significant gaps in
knowledge about the socio-economic situation of local
and/or indigenous fishing communities. Similarly,
information on the magnitude of reef fisheries is either
insufficient or lacking completely. This study was
carried out to compile information on the small-scale
reef fishery and to determine the dependence of these
communities on reef fisheries.

%;?3B$:>@$CB!D?@%$
Project activities included a questionnaire survey,
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fish as a supplement to other primary livelihoods they
are engaged in, such as working on tour-boats, as
handicraft makers, and gardeners. The yearly income
ranged from 12,000 to 228,000 Baht, with an average
of about 65,000 Baht (~ $US 1,625). Based on
findings and opinions and concerns expressed among
respondents, it is clear that the majority of households
in these communities depend greatly on fishing, both
as the main source of income and as food for
household consumption.

to a diving mask, has facilitated deeper and longer
dives. Most trap-fishers from Rawai also use diving to
place and fix traps on the sea floor, as well as for
recovering the traps. In the case of large and heavy
traps, fishers do not haul up the traps on the boat, but
rather dive down and scoop fish out of the traps with
hand nets.
Among these four main types of fishing activities,
dive-fishing had the most direct connection to or
closest proximity to coral reef habitats. Divers, usually
4-7 on daily trips, collect shells (both ornamental and
edible species), spiny lobsters and fishes at depths
ranging from <10 m to 40 m. This fishing practice was
restricted to the calm season, approximately from
December to May, and carried out both during the
day and night (around new moon phases). Catches
varied greatly, ranging from 5 to 100 kg per trip.
Trap fishing was also generally linked to coral
reefs. Typically, fishers do not place their traps
directly on coral reefs, but rather in the shallow fore
reef zone (to about 20 m). Sandy to muddy-sand
bottoms, or deep rocky areas (as deep as 80 m) are
preferred for deploying the traps. Indigenous fishers
were found to be skillful in spotting “underwater fish
paths” in the channels around islands where they
regularly placed their traps. Trap fishing is operated
both in the dry season, with calm sea conditions, and
the rougher wet season. Catches comprised mostly
reef-associated fishes, with catch size varying greatly
depending on number and size of traps deployed. A
minimal operating effort of less than 10 small traps
(dimensions 1.5-2 x 2-3 x 3-4 m) yielded a few to a
hundred kilogram of fish at every retrieval cycle of 7-

./*"#0/#*$;"'0'+2#0/*2/+*$
The survey carried out shows the small-scale fishery in
southern Phuket relies primarily on long-tail
motorized boats and simple gear to collect nearshore
species. The fishing boats ranged in size from 9 to 12
m long and were equipped with 5.5-18.5 hp engines.
Fishers use just one (68%) or a combination (32%) of
fishing gears. Trap and hook-and-line were among the
most common fishing practices (Fig. 2). Fishers from
different villages seemed to have a preference to
certain types of fishing gear. Hook-and-line was
primarily used by local fishers from Talad Yai and
Talad Nua sub-districts. Indigenous villagers of both
Rawai and Rassada sub-districts used trap as primary
fishing gear. Local fishers from Vichit sub-district
commonly used both trap and hook-and-line. Shrimp
trammel nets and fish gill nets were also used as
secondary fishing gears among Rassada’s fishers. Dive
fishing, incorporating hand-collecting together with a
spear was restricted mainly to indigenous fishers from
Rawai sub-district. “Hookah” diving, the use of a
compressor on a boat with a long air hose connected
287

Shrimp trammel nets and fish gill nets were found
not to be used in coral reef areas. Fishers deployed
their nets above bare and flat seabed at depths of 1-20
m. Each daily boat trip involves 2-4 men, and the
yield varies between 10-100 kg of target species.

10 days, while higher operating effort of 10-15 traps
of larger size (2.5 x 4 x 5 m), or 30-50 traps of 2 x 3 x
4 m, yielded a few hundreds up to a thousand
kilograms at every retrieval cycle of 10-20 days. In
general, each boat trip commonly involved 4-8 fishers
working 7-8 traps.
Hook-and-line fishing was found to be spatially
widespread and covering a variety of habitats,
including the pelagic, bare sandy bottoms,
heterogeneous-substrate bottoms, coral reefs, or rocky
areas. Fishers usually use still lines with 1-5 hooks
with fish-baits, or 4-6 hooks with artificial lures
depending on target fish species and habitats. The
former technique is used to target demersal or bottom
dwelling fishes, while the latter is suitable for pelagic
fishes. The relative distances to reef habitats varied
greatly from 10 m up to 5 km away (Fig. 2), with a
range of operating depths of 10-80 m. Boat trips,
commonly lasting 1-2 days and involving 3-4 fishers,
are led by a boat master who locates fishing spots by
experience. Fishing sites are changed without uniform
patterns. Catch size ranged between a few and 50 kg
per boat trip.

;'2+"$C<7/2<0/7F$<-$%#(#+2#8$./*"#0/#*$
Participatory monitoring of catches in the hook-andline and trap fisheries provided reasonable estimates of
fishing yield and effort. At least 50 species in 20
families of fishes were recorded. Catch using hand-line
ranged between 8.7 and 155 kg for each individual
boat-trip, with an average value of 38.8 kg/boat-trip
(usually spending 1-2 days with 2-4 persons per trip).
The lowest average catch was measured in October
(Fig. 3) when the fishery came to an almost complete
stop due to intense and prolonged rough sea
conditions. Based on occurrence and relative
importance in biomass of fish groups in the catches
reported by fishers, the major target species of the
hook-and-line fishery includes emperors, groupers,
trevallies, snappers and threadfin breams (Table 1).
Trap-fishing (commonly using 7-8 traps left in the

!'J(#$G"!<44+))/'4/!=>?!1',!;$*01%%!4*'.)$;+.$*'!$'!.&/!5**2/,!41.4&!=>?!*-!.1)(/.!-$%&!-10$2$/%!
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Fish family

Common name

Serranidae
Lethrinidae
Lutjanidae
Carangidae
Nemipteridae
Scombridae
Haemulidae
Sphyraenidae

Groupers
Emperors
Snappers
Jacks and Trevallies
Threadfin breams
Tunas and Mackerels
Grunts and Sweetlips
Barracudas

Dasyatidae
Rachycentridae
Scaridae
Siganidae
Balistidae
Caesionidae
Acanthuridae
Polynemidae

Stingrays
Cobia
Parrotfishes
Rabbitfishes
Triggerfishes
Fusiliers
Surgeonfishes
Threadfins

HookHook - andand - line
% occurrence
% biomass
49.4
20.3
88.2
27.8
55.9
6.5
45.6
17.4
29.4
10.5
23.5
4.9
8.8
1.4
7.4
1.0
5.9
5.9
–
–
–
–
–
–
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3.4
2.0
–
–
–
–
–
–

Trap
% occurrence
%
90.9
39.4
69.7
54.5
–
3.0
21.2
3.0
6.1
3.0
12.1
9.1
3.0
3.0
3.0
3.0

biomass
26.2
6.7
13.6
22.2
–
1.0
7.5
0.3
0.7
0.7
2.4
7.3
5.8
3.6
1.2
0.4
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sea for 7-15 days) yielded 10-92 kg, with an average
weight of 31.1 kg/boat-trip, with the lowest catch
observed in October (Fig. 3). Major target species
included groupers, trevallies, snappers, emperors and
sweetlips (Table 1). A number of other typical reef
fishes were caught exclusively using traps, such as
parrotfishes, rabbitfishes, fusiliers and surgeonfishes.
Since this catch monitoring program was carried
out during the strong south west monsoon season, the

fishing effort in terms of number of operating boats or
fishing intensity, as well as fishing yield, is expected to
be comparatively low. However, the data obtained
can, with some extrapolation be used as a basis for
estimating the minimum annual fishery yield of the
area. As presented in Table 2, the ranges of annual
yields for hook-and-line and trap fisheries were
approximately 410-615 metric tons, and 105-157
metric tons respectively. Trap fishing seemed to target
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Parameter

HookHook - andand - line

Trap

A) Total number of fishing boats

110

140

B) Frequency of fishing (trips/boat/month)

8-12

2-3

10,560-15,840

3,360-5,040

D) Average catch (kg/boat-trip)

38.8

31.1

E) Total annual yield (kg/year)

409,728-614,590

104,496-156,744

C) Total annual effort (boat-trips/year)
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management. Through workshops and discussion
among these stakeholder groups, reef-use conflict (e.g.
reef fishery vs. diving tourism) has been resolved by
building understanding and agreement among groups.
For example, in the past, indigenous fishers in Rawai
village were engaged in illegal fishing, particularly
catching ornamental reef fishes using cyanide. The
established indigenous-fisher group has proved
important in eliminating illegal fishing in the
community through generating collective will. Official
records since 1997 indicate that arrests due to illegal
fishing for and/or trading in ornamental fishes in
Phuket have markedly decreased in recent years, from
about 5 cases per year before 2000, 2-3 cases per year
during 2000-2006, and none on record this year
(Satapoomin unpubl.). It also appears that while strict
law enforcement has contributed to this, strengthening
dialogue and understanding between officers and local
fisher group as partners in conservation of marine
resources has been a stronger force, and proved
successful in diminishing illegal fishing in the area (P.
Panchiyaphum, pers. comm.). This further stresses the
importance of co-management in marine resource
conservation.
With limitations of the data acquired from this
preliminary study, it is not possible to draw
conclusion pertaining to the crucial questions of the
sustainability of the reef fishery in Phuket. Results
from this study, however, can serve as a reference
point for further studies and for quantifying future
changes in local fisheries. Further detailed studies are
needed to assess the impacts of reef fisheries on coral
reefs. This could include developing an observationbased sampling strategy for certain types of reefassociated fisheries, such as dive-fishing and trapfishing, which could provide more precise information
regarding fishing effort and yield. Intra- and interseasonal variation in the fishery should also be studied
in more detail, as well as basic data particularly on
fishing-pressure parameters and maximum sustainable
yield of individual target species following research
protocols established elsewhere (e.g., Laroche et al.,
1997; Kulbicki et al., 2000; Labrosse et al., 2000;

more reef-associated fishes than using hook-and-line,
and provides an indication of the direct contribution
of coral reef resources to local fishing communities.
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At present, although the small-scale fisheries of local
communities in southern Phuket have faced several
constraints (restrictions on area, equipment, and
species, increase in fishing cost, and degradation of
marine resources) that place limitations on their
fishing livelihoods, the majority of the household
members are still engaged in fisheries. There is also a
general perception about advantages of fishery
occupation in supporting income and subsistence
(Arunotai et al., 2006). This study shows that at least
a number of small-scale fishing practices in the area,
i.e. dive-fishing, traps and hook-and-line, are to some
extent directly dependent upon coral reef resources. In
view of this it would be worthwhile to collect more
specific socio-economic information regarding the
dependence of local fishers on coral reefs, including
e.g. economic benefits, welfare and ethic values, as
well as community perceptions and attitudes toward
reef management. This can include ownership and
social responsibility of local communities with respect
to their reef resources, and can be a basis for pushing
forward management interventions. Other studies in
the area have stressed the importance of community
involvement for the success of coral reef management
(Panchiyaphum, 2007).
This study provides information that can
contribute to strengthening an ongoing government
program on establishment of marine and coastal
resources conservation volunteer groups. Such
conservation volunteer groups have been established
among stakeholders of common interest or similar
occupations (e.g., long-tail boat operator groups, divetour together with individual diver groups, and local
fisher groups), since 1992 up to the present.
Networking of established conservation groups has
proved to be a significant success in supporting
290

Letourneur et al., 2000). This information will be
useful for further development of fisheries
management and conservation in the area.
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The main features and characteristics of the
subsistence reef fishery in Agatti island, Union
Territory of Lakshadweep, India, are described based
on information obtained through participatory fish
catch monitoring over one and a half years in 2006-7.
The overall catch per unit effort (CPUE) recorded was
1.66±0.07 kg per person per day (± standard error of
the mean), based on data from 3030 fishing events.
Considerable variation in CPUE was observed in
particular between gears, but also between landing
zones and to some extent time of year. The total
annual catch from the reef fishery was estimated at
over 56 metric tons, harvested from a lagoon area of
12 km2. Almost half of this total catch is obtained
from the 2% of the catches larger than 20kg, much of
it using the more indiscriminate gears available on the
island such as large-scale dragnets (local name bala
fadal). While the data does not support conclusive
statements on the sustainability of the fishery it is
clear that the importance of the reef fishery for the

local population as a source of household income and
food remains high, and growth in exploitation seems
likely in view of the demographic structure of the
island as well as a developing reef fishery for export
markets. Some recommendations are provided with
respect to the management challenge this poses.

3>!-?@6=!3?>$$
Agatti island is the westernmost island in the Indian
Union Territory (UT) of Lakshadweep, located at 10º
51’ N and 72º E (Dept. of Planning and Statistics
2000). The island has an area of 2.7 km2, and is
surrounded by 12 km2 of lagoon and 14.4 km2 of reef
flat (Bahuguna and Nayak 1994), lying in a roughly
north to south direction. The lagoon surrounding the
island is wider and deeper on the western than on the
eastern side (Fig. 1). The local population of 7072
(Dept of Planning and Statistics, 2002) resides in the
wider northern section of the island (see also Hoon et
al. 2002, Hoon and Tamelander 2005). The
traditional fishing and land rights of Agatti islanders

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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also include the Bangaram lagoon, which encompasses
the small islands Bangaram, Tinnakara and Parelli’s,
and a sunken reef Perumal Par (Hoon 2002).
Previous studies conducted on Agatti have
described the island and its territories in terms of
demography, socio-economic status of the islanders, as
well as their use of the coral reef resources and fishing
methods (Dept. of Fisheries 1990, Hoon et al. 2002,
Hoon 2003, Hoon et al. 2005, Hoon and Tamlander
2005). The islanders remain highly dependent on
natural resources. The main income for Agatti is the
hook-and-line tuna fishery, a major export industry.
The tuna landings in Agatti are the highest in
Lakshadweep and consisted of 30% to 38% of the
entire tuna catch of Lakshadweep (Dept of Planning
and Statistics 2002). However, at the household-level
the reliance on the reef fishery and gleaning for
294

protein and income is high. Twenty percent of the
households on Agatti report reef fishery and gleaning
as their main occupation, and 90% of the protein
intake of the poor households comes from reef fishing
and gleaning (Hoon 2003). Further, sand, rubble and
coral boulders remain important construction
materials (e.g. Hoon 2003 and Hoon and Tamelander
2005). Tourism is a growing industry, with resorts
catering for both domestic and international tourists
established on Agatti and Bangaram. A further resort
is planned on Tinnakara, and a second air carrier
started daily flights to Agatti in April 2007.
The high reliance on natural resources in
combination with the high density of the island
population places significant strain on the local
environment and, together with natural perturbations
and global climate change, poses a significant
management challenge. However, as has been noted
previously, formal management and gathering of
resource use data has focused on larger scale and
commercially more significant activities, such as the
export-oriented pole-and-line tuna fishery, while little
attention has been paid to subsistence and small scale
activities that nevertheless are of immense importance
for the local population (e.g. Hoon and Tamelander
2005). This has left a gap in the environmental and
resource management of Agatti, but also a divide
between local populations and the knowledge they
possess on the one hand, and management authorities
on the other.
There is considerable uncertainty regarding the
sustainability of resource use in Agatti, as well as
apparent inconsistencies between opinions voiced and
trends observed. The many conflicting views and
opinions on status and trends of the availability of reef
resources and utilization patterns means there is an
obvious risk for increased conflict over resource use
and access. In the absence of quantitative data, past
studies have estimated reef resource use based on
numbers of resource users and estimated catch size and
composition according to fisher/gleaner perceptions,
rather than on actual harvest data (e.g. Hoon and
Tamelander 2005).
To address this a participatory study was initiated

) % # $ % & '(

to quantify and characterize in greater detail the
artisanal reef fishery and other reef resource use on
Agatti island. Results from one and a half years of
catch monitoring of the reef fishery are presented
herein, and recommendations made with respect to
management implications of the findings as well as
further needs for quantitative study of the reef fishery.
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Data collection was carried out through a community
based monitoring programme, building on the existing
resource use monitoring team on the island described
by Hoon and Tamelander (2005).
A new catch monitoring protocol was developed
and introduced through a consultative process with
the monitoring team, consisting of data recorders
(women and men from the island fishing community)
as well as a data manager. A workshop was also
organized to train the monitoring team, including a
number of local fishers.
The sampling protocol builds on low-intensity
sampling throughout the year, with catches recorded
for 10 continuous days, 6 times a year. The data
recorders focus on one landing zone each (although
they can cover multiple zones when the need arises)
(Fig. 2).
For each catch the following variables were
recorded: date; name of data recorder; landing zone;
name of fisher; number of fishers; cloud cover (clear,
cloudy, rain); wind conditions (low, medium, high);
approximate start and end times for fishing operation;
fishing activity/gear used; mesh size (if net is used);
boat type (if boat is used); fishing site (one to three
sites visited in order of importance); total number of
fish caught; number of species in the catch; total
weight of the catch. Further, for each species in the
catch the following was recorded: number of fish,
estimated size range and average size in cm; and
average weight per fish. An ID number was
automatically assigned to each catch event.
Local terminology has been used as much as
possible, to ensure the methods and data are more
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accessible to the local population, and to better utilize
their knowledge of their environment. Consequently
fish species are recorded using local names. A total of
113 distinct local taxa have been identified through
the catch monitoring. Some of these refer to
individual species, while others include two or more
species, an entire fish family, and in some cases, fish
from different families. A definition list was created
grouping local taxa under 40 ‘family groups’, building
on scientific definitions, however also taking into
consideration how species are defined locally, which is
influenced by food and commercial value of the fish as
well as how it is caught (Table 1). Results presented in
this paper are summarized based on these family
groups.
Fishing activities or gears used are also recorded in
local terminology. The gears are briefly characterized
in Table 2. More detailed descriptions and
characterizations can be found e.g. in Hoon and
Tamelander 2005.
Although on occasion caught in the reef fishery,
incidental catches of tuna have been excluded from
this analysis as they are largely pelagic, the main target
of a semi-industrialized fishery, and catches are
recorded through Fisheries Department data.
However, pelagic fish that are frequently found in reef
areas and caught through reef fishing operations have
been included, such as seer, dorado and mackerels.
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Fish group
angelfish

Local taxa
shabadu kallam

Fish group
milkfish

Local taxa
ilimeen, kuruthola, manabalkody

baitfish

bella chala, bodhi, chala, manja
chala , pacha chala, rahiya

mojarra

furachi

barracudas

kolas

morays

malanji

billfish
box fish
butterfly fish
damselfish

mullets
parrotfish
pufferfish
rabbitfish

thidira
chandi, feesom
chemaniyam
oram

sea chubs
seerfish

funji, kalkuratty, poonchi
ayakura

flying fish

kudirameen, ola meen
thomp
fakikadiya
kally, kurichil, lattom, mamban,
thukiyam
habnoose, shaameen
auran metty, fallam metty, fonthom
metty, kannam metty, kilukkom,
kulakkathi, manjam, metty, pulli
metty
farava

snapper

fusiliers
garfish

baichala
keram, oola

goatfish
gobies

kalmanakam, manakkam
mandiyam

sole
squirrel and
soldierfish
stone fish
surgeonfish

grouper

arkolichammmam, chammam, pulli
chammam
mural
cheemkanni, fankuluval, faradam
kuluval, fiyada, keri machan,
kulluval, madathala
balaka
bangada

sweetlips

chemmali,
fulariyam,
karim
karavalli, phuleriyum
lammam
kallaalam,
kankaduvam,
pherunganny
pehchan
barifad, fala, karukkam, naithala,
nilalam, varipad
kotha

threadfin
triggerfish

mookam
falli, karatty

wrasse

balala, njaala, thokka

dorado
emperor

halfbeak
jacks
trevallies
lizardfish
mackerel

and

The island has been divided into four main landing
zones (for a discussion see Hoon and Tamelander
2005) that represent an overall aggregate of fishing
sites within each zone (Fig 1 and 2).
Results presented here are based on a total of 3030
fish catches recorded during one and a half years
between September 2005 and May 2007. Results are
presented as total catch and catch per unit effort
(CPUE) expressed as kg fish caught per man-day by
gear, landing zone, and month. Based on monitoring
data on the average daily fishing effort by gear,

estimates of total annual catch have been made. Most
commonly caught species, gear selectivity and size of
the fish caught have been calculated based on species
composition of the catches.
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Gear use around the island is largely determined by
hydrography and how the gear is operated, as well as
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Local Name
bala adiyal
bala attal
bala fadal
bala idal
cast net

Description
Shore seine, used mainly in the western lagoon
Purse seine, used inside the lagoons around the island
Large drag net involving 15-30 people, operated in both eastern and western lagoons
Gillnet set in the lagoon
Small mesh castnet used mainly from the shore and frequently opportunistically, around
the island
Baited hook and line, used opportunistically around the island, frequently from boats
during transport or in association with other fishing activities
“Boulder trap” – a net set around a coral boulder which is then agitated using rods to
drive out fish. Not commonly used
Light and spear or sword. Not commonly used, only practised in shallow water
Baited hook and line, used opportunistically around the island and mainly from the shore
Gillnet set in reef channels, used mainly during the monsoon and at spring tide. Not
commonly used

hand line
kalmoodal
kurakkal
rod and line
shal kakal
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by habitat and availability of target species. Purse and
dragnet operations such as bala attal and bala fadal are
carried out mainly in the uninhabited section due to

ease of operations – there are fewer boats, and less
traffic and disturbance. The simpler gears operated
mainly by one person are used on an opportunistic
297
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basis both from shore and small crafts, rather evenly in
the zones around the island. This includes cast nets,
hand lines and rod and line (Fig. 3).
Bala adiyal and bala idal, shore seines and bottom
set gillnets, are used primarily in the western lagoon.
The bala adiyal nets can be walked out from the
beach, which has a suitable profile, and areas of coral
boulders can be avoided. Bala idal is used significantly
more in the inhabited section of the island to allow
easy and quick access to check for fish (this compares
well with Hoon and Tamelander 2005). Suitable reef
channels for shal kakal occur mainly on the eastern
reef.
Bala fadal (large drag net) has traditionally been
used only in the broad western lagoon, where the
operation commonly involves two boats and up to 30
people. A change in activities noted since 2004 is that
a modified form of bala fadal has been introduced in
the eastern lagoon, whereby 8-15 team members walk

out nets to enclose around ½ km of the lagoon and
then drag it to the shore. Bala fadal is used almost
exclusively in the uninhabited part of the island.
The ‘traditional’ fishing methods kalmoodal and
kurakkal (trapping fish over boulders and spearing fish
at night using a torch) are practiced only in the
shallow eastern lagoon, which is accessible on foot
even at high tide – the water depth remains less than 2
m. These methods are mainly used for recreation. This
is reflected in the low sample size, as operations are
relatively rare.

=K6D$
The overall Catch Per Unit Effort (CPUE) recorded,
expressed as catch in kg per person per day, was
1.66±0.07 (average from 3030 fishing events ±
standard error of the mean).
CPUE varied considerably between fishing gears,
and was notably higher for bala fadal and bala attal
298

large). The large SEM in bala fadal is due to the
considerable difference in operation (see comment
above), catch and CPUE between the two bala fadal
varieties. The larger operations in the western lagoon
yielded higher total catches as well as CPUE, was
11.25±4.53 based on 12 recorded operations,
compared with 4.21±1.60 based on 11 recorded
operation in the eastern lagoon (Fig.s 4 and 5). All but
one operation took place in the uninhabited section of
the island.
The overall CPUE varies somewhat between
landing zones; most notably the CPUE is low in the
inhabited section of the western lagoon – less than half
of that in the uninhabited section of the western
lagoon, and less than a third of that in the
uninhabited section of the eastern lagoon. This is due
to lower CPUE than in the uninhabited section for
e.g. bala adiyal, idal and fadal, as well as cast net, hand
line and rod and line, and perhaps more significantly,
lower CPUE than in the eastern lagoon for bala adiyal,
bala idal, cast net, hand line and rod and line (Fig. 5).
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(Fig 4). Due to the nature of these gears – drag net
and purse seine - they require several people for their
operation but also ensure a lot of fish is caught. The
standard error of the mean (SEM) illustrates a higher
variability in catch size especially in bala fadal and to
some extent bala attal (the sample size is sufficiently
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Using the CPUE obtained from the catch data and
estimates of gear use frequency, the total annual reef
fishery catch in Agatti has been estimated at 56 metric
tonnes (Table 3). Bala attal and bala fadal catches
together constitute over 50% of the estimated total,
with bala attal catches of over 16 tonnes making up
29% of the total catch. Other gears with a significant
proportion of the total catch, bala adiyal, cast net,
hand line, bala idal and rod and line, range between
10.3% of the total for bala idal and 5.5% for rod and
line. Kamoodal, kurakkal and shal kakal catches
together make up less than 3% of the total catch.

M"K
M"J
M">
M
?"L
?"K
?"J
?">
?
M

>

T

J

@

K

L

U

M?

MM

M>

#&.*0

=*'N"$O#(2"')$$

/(2A&#$P"!(F13$)1!VWOQ!8E!6&.*0!<Z,*$./$3/!133&3!
&'!*01!61$.A"!!

To compare the relative contribution of catches of
different size toward the total weight of fish caught,
individual catches recorded were divided into nine
classes based on catch weight (<0.5kg; 0.5-1kg; 1-5kg;
5-10kg; 10-20kg; 20-50kg; 50-100kg; 100-500kg and
>500kg). Over 90% of the catches were smaller than
5kg, and together constitute just over a third of the
total catch recorded. Fifty one percent of all catches
recorded fall within the 1-5 kg category, making up

CPUE also varied over time (Fig. 6), with average
CPUE of around 1.55 kg per person per day in March
and April, June to September and in November. It was
notably lower between December and February and in
May, and somewhat higher in October.
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Gear
bala adiyal
bala attal
bala fadal
bala idal
cast net
hand line
kalmoodal
kurakkal
rod and line
shal kakal
TOTAL

Avg
CPUE
1.40

Avg # people

# of Events

2.64

1560

5,779.47

462.16

3.67
7.89
1.32
2.06
0.99
0.58
1.17
0.95
0.83
1.70

2.37
15.29
2.38
1.03
1.09
3.06
3.00
1.03
5.15
2.08

1872
100
1248
2496
4680
624
104
3120
20
15824

16,306.89
12,056.28
3,941.45
5,300.45
5,063.10
1,102.96
364.00
3,074.42
85.36
55,955.54

2,183.16
3,879.77
671.31
155.86
289.91
154.30
104.69
161.96
60.87
3,129.23

300

Total catch

Error Margin
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Species
Jacks/Trevallies
Garfish
Goatfish
Surgeonfish
Emperor
Mojarra
Halfbeak
Grouper
Snapper
Baitfish
Parrotfish
Threadfin
Triggerfish
Fusiliers
Mackerel
Wrasse
Sea Chubs
Squirrel/Soldierfish
Damselfish
Barracudas
Rabbitfish
Lizardfish

Count
2057
110
980
556
779
751
159
467
387
34
169
253
95
34
58
120
79
171
24
60
19
28

Avg Catch
Weight
1.16
17.81
1.49
1.47
0.98
0.85
2.26
0.67
0.67
3.92
0.79
0.50
1.31
3.48
1.98
0.95
1.40
0.37
1.53
0.55
0.58
0.36

30% of the total catch. By comparison, 35 catches
over 50kg, constituting only 1.2% of the total number
of catches, make up 42.4 % of the total catch by
weight. Catches over 20kg constitute 1.9% of the total
number of catches, but make up 48.3% of the total
catch by weight.

<:#N(#)$=*A2"'$*+4$G#*&$<#,#N'(Q('0$$
An analysis of the fish catch composition (Table 4)
shows that five families (or species groups), jacks and
trevallies, garfish, goatfish, surgeonfish and emperor
made up over 70% of the estimated total annual catch.
Jacks and trevallies occurred in almost 30% of all
catches. The average catch weight is particularly high
in garfish, halfbeaks and baitfish, largely due to the

Tot Weight
Recorded
2,386.01
1,959.08
1,463.10
817.43
766.22
635.79
360.01
314.01
260.60
133.35
133.11
125.66
124.01
118.43
114.59
113.61
110.51
63.14
36.65
32.77
10.94
10.21

Est. Annual
Total
12,756.9
10,474.3
7,822.5
4,370.4
4,096.6
3,399.3
1,924.8
1,678.9
1,393.3
713.0
711.7
671.8
663.0
633.2
612.6
607.4
590.8
337.6
195.9
175.2
58.5
54.6

fact that they frequently form large schools that can be
trapped using various nets. Garfish in particular
exhibits a much higher average catch due to occasional
catches of 50kg to over 300kg. Based on reports from
fishermen it is assumed these are regular occurrences.
As illustrated in Table 5, three to five species groups
usually constitute more than 70% of the catch.

@3<=6<<3?>$$
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The CPUE for cast net recorded in the catch data was
higher than what fishers have reported through
interviews (see Hoon and Tamelander 2005). This is
to some extent a function of the nature of the fishery
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Species
Jacks/Trevallies
Garfish
Goatfish
Emperor
Surgeonfish
Grouper
Mojarra
Snapper
Billfish
Halfbeak
Seerfish
Triggerfish
Mackerel
Other

bala
adiyal

bala
attal

bala
fadal

bala
idal

cast net

hand
line

rodrod - line

30.7

18.7
44.4
19.1

8.2

10.6
35.3
13.1
6.4

43.1

13.6

71

21.6
6

20.9
34

19.7
16.7
6.6
18.8

10.2

5.7

19.1
5.7

12.8
8.4

11

13.1

5
13.2
6.1

5.3
17.9

12.1

25.7

and the fish catch sampling strategy. Castnet is an
opportunistic gear and may be used on a whim. If fish
are being caught the fisher may continue until content
with the catch, whereas many times when catches are
small or none at all the activity is not continued for
long, and not always reported as a "fishing activity".
The effect is that the catch monitoring method may
overestimate the CPUE for castnet somewhat.
The difference in CPUE and total catch per event
in the gears mainly operated by one person, such as
cast net, hand line and rod and line, can be explained
by the fact that the activities at times are carried out
by two people together, and catches may at such times
be pooled. This is the case especially for hand line,
which is often used from boats in connection with
netting operations.
The differences in CPUE between the landing
zones reflects the intense pressure on the western
inhabited section of the island – the proximity to
human populations makes fishery access easy, and the
lower CPUE may reflect resource depletion due to
over fishing. However, it is also likely that
environmental degradation contributes to resource
depletion. The inhabited section of the western lagoon
contains two busy jetties, a coir processing plant, and

21.8

17.5

13

18

receives a large part of the sewage seepage from the
island community, which are likely to affect fish
habitat and communities.
The island is subject to monsoonal weather
patterns, with a ‘fair season’ between November and
March, a ‘rough season’ between May and September,
and ‘transition seasons’ in October and April. The
CPUE variations over time reflect this seasonality to
some extent. The reef and lagoon fishery is more
intense during the rough season, when the weather is
unsuitable for hook-and-line tuna fishing. During the
fair season, when more fishers spend more time in the
hook-and-line tuna fishery, the CPUE of the reef
fishery is lower. May, being the month with generally
the roughest sea conditions, showed a somewhat lower
CPUE than during the remainder of the rough season.
The high CPUE in October was due to large catches
using bala attal and bala adiyal. It is unclear if and
how fish behaviour in response to temperature and
weather patterns factors in.
The low number of records of kurakkal and shal
kakal show the gears are rarely used, and further
conclusions regarding these gears based on the data
gathered are speculative and must be made with
caution.
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each group. However, a closer look at individual
catches shows that average number of species within
each species group per catch event is relatively low.
The species groups most commonly represented by
more than one species in individual catches are jacks
and trevallies, emperors and surgeonfish, and to a
slightly lesser extent groupers and goatfish. The
average number of species per species group and catch
is under 1.5 for all species groups.
In spite of the preference for specific fish and the
fact that fishing gears are developed and used with this
in mind, it is also obvious that the quantity of fish
caught matters, which leads to a situation where some
of the more popular gears are optimized for a large
catch rather than catch exclusivity. The number of
species groups that each constitute less than 5% of the
total catch by weight for a given gear, and perhaps
more importantly, their combined weight as a % of
the total catch, give an indication of how selective a
fishing gear is. Using these criteria the least selective
gears appear to be bala adiyal and bala fadal; 26
different species groups and 37 local taxa were
recorded in bala adiyal operations, with 20 different
species groups constituting 17.9% of the total catch.
In bala fadal, where the total number of species groups
and local taxa recorded are lower (23 and 35
respectively), the ‘bycatch’, 18 different species
groups, makes up over one quarter of all catch. Also in
bala idal over one fifth of the catch is made up of
minor species groups. This mirrors statements by local
fishers that many of the nets are designed and used
with catch quantity rather than specificity in mind.
By contrast, over 80% of bala attal catches are
made up of only three species groups – garfish,
goatfish and jacks and trevallies – and the minor
constituents of the catch, although rather diverse at 20
species groups, make up only 12.1% by weight. While
cast net has the highest number of species caught with
any gear (38 local taxa) jacks and trevallies, goatfish
and mojarras make up over 75% of the total catch by
weight. Hand line seems to have a broader spectrum of
target species, but a lower bycatch. Six fish groups
constitute 87% of the catch, the remainder is made up

The total annual catch, estimated at 56 metric tonnes
between 2006 May 2007, is lower than the 100 tonnes
estimated and reported by Hoon and Tamlander,
2005. In part this reflects inconsistencies in the bala
idal catch, which was reported to be almost 10 times
higher in 2003-2004. Other significant differences
were found in the estimated total catch of bala fadal
and bala attal, which showed larger total catches than
previously reported, due to a higher frequency of use
and higher CPUE using bala fadal, and a higher
CPUE using bala attal. Bala adiyal showed a much
smaller catch than previously reported, the differences
primarily due to lower CPUE and use-frequency.
While some of these differences are due to
differences in monitoring methods (estimates through
fisher interviews compared with quantitative catch
monitoring), it is clear that it also reflects changes in
fishing on the island and is possibly indicative of
changes in the environment. For example, a new type
of bala fadal operation has been introduced, and data
on daily fishing effort (unpublished) indicate a decline
in fishing operations in the recent couple of years.
Further, through consultations and awareness
workshops organized on the island fishers have
indicated that fish catch is declining and fish
composition in the catch is changing.
The method presented herein can be particularly
valuable for tracking trends in the fishery CPUE and
total catch if carried out continuously or at least at
regular intervals. It can also complement perception
data on catches and gear use gathered using
Participatory Rapid Assessments (PRA).
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Catch composition and gear selectivity indicate that
the fishing methods used are somewhat selective.
However, many species groups are made up of
different local taxa: emperors contains 9 different local
taxa, jacks and trevallies 7, snappers 4, groupers 3, and
goatfishes 2 respectively (see Table 1), and a single
catch may contain several different species of from
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of only 13 species groups. It is noteworthy that the
results presented herein differ somewhat from what
was reported by Hoon et al 2002. This supports the
perception among fishers that catch composition has
gradually changed over the past five years.
Similar to many other small-scale subsistence reef
fisheries there is very little discarded bycatch in the
Agatti reef fishery. Although certain species are
preferred there are uses for almost all species.
One striking feature of the reef fishery on Agatti is
the proportion of the total reef fish landing caught in
a comparatively low number of large catches. It is
worth noting that the large catches are landed using
the more indiscriminate and possibly more destructive
fishing techniques, notably bala fadal. There is a need
study in more detail how the different fishing gears
impact the resource and the health of the ecosystem, as
well as the socioeconomic and cultural aspects of their
use, as this will have bearing on management decisions
regarding the reef fishery. However, it does seem clear
that regulations on the unselective and potentially
destructive bala fadal would be more feasible to
institute and have a larger impact than attempts to
regulate minor gears that according to the data
presented here are less likely to deplete the fishery
resource and would appear less likely damage the
ecosystem.

“the bar area”, which denotes the outer reef crest and
slope around the island. It is clear that the gear used
also has implications for the definition of a fishing
“site”. Thus in this study catch has been reported by
four landing zones rather than actual fishing sites.
Since a large part of the catch is landed in the zone
nearest and most convenient with respect to the
fishing site, the landing zones provide an acceptable
approximation of catch by site cluster. Hoon and
Tamelander (2005) provide a justification for this
approach, in the absence of site-specific analysis of
catch. However, it should be noted that catch from
especially boat-operated gears may be landed where
the boats are usually moored (primarily the western
inhabited zone) rather than in the closest zone, which
may affect the accuracy of the fishing intensity data
presented. The overall patterns are believed to be
correct, however.
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While many local names for fish match scientific fish
species, and some local fish group names seem to
largely match scientific families, analysis of catch data
presents a number of obstacles in relation to
terminology and taxonomy. Most notably, the local
names used are not systematic with respect to
scientific/taxonomic level – some fish are described
only by a family-level name, others by very speciesspecific ones or even referring to juveniles of a certain
species. This reflects the relative importance of specific
species to islanders and their lives, as well as the local
understanding of functional categories.
An example of this is the much greater taxonomic
detail in local names referring to baitfish than other
small fishes, due to the importance of the tuna hookand-line fishery that uses large quantities of baitfish
and distinguishes between species. It is important to
note, however, the baitfish group includes fusiliers as
well as damselfish and possibly also e.g. small
serranids, gobies and blennies. The species presented
as damselfish in this study are thus damselfish that are
not used as tuna bait. Similarly, several of the main
target food fish species are classified in detail, e.g.
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When fish catch is recorded fishers note down sites
visited, 1-3 sites in descending order by quantity of
fish caught at each site (subjective ranking by the
fisher). In all, over 70 fishing sites have been recorded
in the catch data, including coral boulders, reef
channels and specific spots on the shore (many of
these are indicated on the map in Figure 1). However,
this number is approximate as sites have not been
checked for duplicate names/synonyms, and they have
been georeferenced only to some extent. It is clear
though, that sites can have rather different spatial
definitions, some referring to a coral boulder or even
one side of the coral boulder, an area of only a few
square meters, whereas others are more broad, such as
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113 distinct local names), and many fish lack species
names. Another approach could be to analyse catch
based on a combination of taxonomic and trophic
groups. For either of these to be feasible highly
detailed and currently not available information on
local taxonomy is needed.

jacks and trevallies and emperors. Lack of taxonomic
detail is observed with respect to fish species that
obviously occur around the island but do not
constitute important or preferred catch, such as rabbit
fish, for which only two local names were
encountered.
A further issue is that local terminology is not
always used consistently, and a fish, for which a local
name that refers to a single species may exist, may be
recorded using the name of the fish group to which it
belongs. For example, a white-blotch rock cod may be
recorded simply as a grouper, i.e. ‘chammam’ (the
family-based species groups used in this study), or
using the more specific ‘pulli chammam’. Some local
names also lack clear distinctions or have overlaps, e.g.
in relation to emperors and snappers, where several
local names refer to specific species and others may
refer to groups that include both emperor and snapper
species.
While the local taxonomy approach taken in this
study might create a ‘bias’ for some species or species
groups, it is reflective of local conditions. The benefit
of using local terminology, making the data collection
as well as results more immediately locally applicable,
by far outweighs the disadvantages, many of which can
be dealt with.
On the whole the level at which local names have
been aggregated is considered appropriate for the
purposes of this study – to characterize the reef fishery
in much greater detail than has been done to date, and
quantify the fishing effort and fish catch. The accuracy
of the taxonomic system used is viewed as sufficient
(after all, more often than not local taxonomy does
match the scientific) to also make statements regarding
the relative importance of major food fish families and
the total harvest. One development that could be
useful in this regard would be to ensure species are
always recorded to species level, or at least lowest
possible taxonomic level. However it must be
recognized that the local terminology is rather flexible
in nature and varies even from person to person (for
example, 262 different names and/or spellings of
names occur in the catch data, which correspond to
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It has been reported that the reef fishery in the
Lakshadweep decreased in response to the
introduction in the 1970s of the tuna hook-and-line
fishery (Arthur 2005), and further speculated that this
may have contributed to a greater capacity of the reefs
of the area to recover from the devastating mass
bleaching in 1998 (Arthur 2007, Arthur 2000).
However, there are indications of an increased reef
fishery for local consumption, and perhaps more
worryingly, for export to South East Asia, targeting
high value fish such as groupers and snappers. This
poses a management challenge as it can be an
opportunity for sustained income or lead to temporary
but high profits and a rapid decline and collapse in
key fish populations (Murty 2002), as has been seen
around the region. Management and conservation of
the fisheries resource of Agatti must be formulated and
implemented in a way that sees to the needs of the
many people who depend on reef resources for protein
and subsistence. This requires the involvement of local
stakeholders as well as Fisheries department and nongovernmental organisations, but the task is complex in
the context of a rapidly changing global economic and
social environment.
While CPUE analysis can yield an abundance of
information about a fishery, including changes and
trends over time, there is some doubt with regards to
whether CPUE in itself can provide adequate
information on changes in fishery resource status or
provide indications of resource degradation early
enough for management responses to be timely and
meaningful. Because fishers are skilled and actively
seek out places where fish are likely to be found it is
possible fish population decline will not be seen as a
significant change in CPUE until populations are near
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total collapse. Thus CPUE trends over time should
not be used alone, but rather complemented by other
surveys, importantly resource status surveys, which for
reef fish can be carried out with relative ease using
standard fish under water visual census methods (e.g.
English et al. 1998).
Such resource and environmental status surveys
have been initiated on Agatti. Members of the local
community were trained in modified and somewhat
simplified fish UVC and benthic assessment
techniques, focusing on indicator species, resource
species and important fishing areas identified by
fishers. Early results are promising, with e.g. good
correlation between (primarily corallivorous) butterfly
fish and coral cover observed. However, additional
training and field practice are needed for results to be
sufficiently reliable. If allowed to continue the
ecological survey data will provide an important
complement to fish catch and other resource use data
in the formulation and implementation of reef
resource management.

fishing gear, and there are many reports of nets being
torn, especially close to the shore and more so in the
inhabited section of the lagoon. In addition turtles are
often blamed for reduced catches not only through
loss of gear but also altering the environment and
reducing fish stocks. Preliminary results from a survey
of the occurrence of green turtle in the western lagoon
seems to corroborate some of the observations made
by local fishers. The turtle densities are significantly
higher in the area where local fishers experience the
highest frequency of damage to their fishing gear
(unpubl., surveys by NCF, CARESS and CORDIO in
December 2005). While this does not provide
evidence of negative impact of turtles on the fishery
resource, it clearly reflects that there is some cause for
the situation to be viewed as a conflict by the local
fishing community.
There is also, as noted by Hoon and Tamelander
2005, a potential for conflict in relation to the reef
resource uses that are technically illegal or regulated,
but carried out without controls, such as the harvest of
building materials, ornamental fish and other
scheduled species (Lakshadweep Gazzette 2001a,b).
Harvesting of sand, rubble and coral boulders for
construction, as well as octopus and seashell
collection, has been monitored as part of the fish catch
monitoring programme, but results are not included
herein and will be presented separately.
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Hoon and Tamelander (2005) reported little resource
use conflict on Agatti island, except a divide between
formal management authorities and local resource
users, a situation that continues unchanged. However,
should reef health and fish populations deteriorate, as
a result of natural perturbations, due to increase in
fishing for local consumption, or due to an
uncontrolled expansion of the lucrative export
oriented fishery for high value reef fish – perhaps the
most worrying prospect at this time – the situation of
relatively moderate resource use conflict is likely to
change. A proactive management approach needs to be
taken to address this in a way that ensures fair resource
access and sees to local needs both in terms of
conservation and development.
It is also notable that there has been a lot of
speculation among local fishers regarding a high
abundance and density of green turtles in the Western
lagoon of Agatti, in particular in the inhabited section.
The turtles are frequently cited as a cause for damaged
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The fish catch monitoring method presented herein
can if carried out continuously or at regular intervals
be particularly valuable for tracking trends in the
fishery, and it is expected to provide more accurate
estimates on CPUE and total catch than estimates
based on interviews and perceptions. However, it is
clear that the perceptions of fishers provide valuable,
usually highly accurate information that can
complement quantitative catch monitoring. This has
also been observed during turtle and sea grass mapping
surveys of the Agatti western lagoon where perceptions
of turtle and sea grass distribution among islanders
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carrying out enforcement through patrols as well as
control of export;
It is also important to note that while there is a
regulatory framework on natural resource use it is
frequently not enforced coherently and consistently –
some laws are broken on a daily basis, others never. A
new approach with clearer and more consistent
policies as well as and more public engagement is
required;
The management interventions recommended
should also include an increased focus on development
of alternative or supplemental livelihoods for the
people of Agatti and the Lakshadweep as a whole, to
reduce natural resource dependence and stress on
natural resources, and to diversify the local economy
and making it more resilient to change.

mirror maps created based on scientific survey data.
This validates Participatory Rapid Assessment (PRA)
as a quick and fairly accurate technique for obtaining
data where none exists and where skills and funding
are not available to carry out lengthy and time
consuming scientific studies.
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In view of the results presented herein, as well as other
reports and surveys from the area (including e.g.
Arthur 2000, 2005, 2007, and Hoon and Tamelander
2005), the following recommendations are made.
Although made specifically with respect to Agatti,
most recommendations apply to other islands in the
Lakshadweep as well.
A more proactive approach to engaging local
populations and resource users in formulating and
implementing management policies for the area, and
ensuring that this is based on best available scientific
findings, is needed from management authorities;
The information available on state of the
environment and resource use in the area needs to be
synthesized in an appropriate format for supporting
management decisions, and data gaps need to be filled
through additional surveys and regular monitoring,
most notably with respect to resource status and
environmental health;
The sustainability of the current fishing effort
needs to be determined through sufficient reef health
and fish population monitoring, in combination with
resource use and socioeconomic monitoring.
Management responses e.g. gear restrictions and
spatial or temporal closures need to be considered.
The idea of a community managed no-take zone has
been floated in Agatti and has been well received by
fishers;
Importantly, there is a need to pay particular
attention to regulation and precautionary management
of the export fishery, especially concerning vulnerable
and easily over exploited species such as groupers,
bumphead parrotfish and napoleon wrasse. This
includes setting regulations, establishing quotas, and
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Artisanal fisheries are an important economic activity
of the coastal communities in Kenya. In this paper fish
landing data collected through participatory
monitoring from seven sites was analysed to determine
trends in catch per unit effort (CPUE) in the artisanal
catch for the period 1998-2006 in the Diani-Chale
area. The catch from a subsample of fishermen was
recorded at the landing site level on two days each
week. Results indicate a general increase in catches
over the period with annual average minimum in 1999
(3.1 kg/fisher/trip) and maximum in 2006 (6.2 kg/
fisher/trip). Catch varied significantly through the
year with a monthly minimum of 3 kg/man/trip in
June and a maximum of 5 kg/man/trip in March. A
total of 64 fish families were recorded whereby
Siganidae,
Scaridae,
Lethrinidae,
Scombridae,
Sphyraenidae, Lutjanidae and Acanthuridae accounted
for 77% of the total catch.. Landed fish catches showed
a high degree of temporal and spatial variation, and is
also likely affected by many factors, including
monsoon seasonality, habitat health, fishing gear,
fishing pressure, fishers’ preferences, and choice of
fishing site among others.

Coral reef fisheries provide income, food security and
employment to a large number of people throughout
the tropical and subtropical seas. Along the Kenyan
coast, marine fishery resources have remained
underutilized despite efforts to stimulate the fishing
industry and maximize fish catches. Nonetheless,
along with the expansion of the fishery, it is required
that catches remain at sustainable levels. The coastal
artisanal fisheries mainly comprises of the brackish
water fisheries with fishing limited to creeks, estuaries
and inshore waters of less than 40 m depth. The latter
constitutes the Kenyan south coast fishery
characterised by small traditional non-motorized
canoes with a few semi-industrial fleets.
Inshore and brackish water artisanal fisheries
contributes about 90% of marine fish landings which
accounts for less than 5% of total declared national
fish landings (Obura 2001, GoK, 2004). Marine
fishery in Kenya supports about 10,000 fishermen,
half of whom operate in Southern Coast (Ochiewo
2004) and approximately 600 fishers in Diani-Chale
(Malleret-King et al 2003). During the dry and
relatively calm season (Northeast monsoon-November

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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to April), the small traditional vessels mainly operate
within the inshore coral reef areas and inside the
estuaries and creeks whereas the few motorized canoes
fish in the open sea. The rainy season with storms
extends from May to October (Southeast monsoonSEM). These rough sea conditions restrict fishing
operations of canoe fishermen from the open sea
resulting in a high fishing effort at the shallow coral
reef waters during the period.
The increasing fishing pressure on near shore
waters has resulted in overexploitation and extensive
degradation of coral reef ecosystems as in the case of
Diani-Chale which remains among the heavily
exploited reefs (McClanahan 1995, McClanahan et
al., 1997, Obura et 2002), while off shore resources
remain largely untapped.
The Diani-Chale, arstisanal fishery has experienced
a decline in diversity and abundance and there are
indications that some species are overexploited well
beyond maximum sustainable yield - MSY
(McClanahan, 1992) and require prompt management
measures. Intense fishing, including of trigger fish
(Balistidae) has resulted in an increase of sea urchin
populations increasing competition with herbivorous
fish (McClanahan and Shaffir 1990; McClanahan and
Muthiga 1998). During the 1995-1999 period an
overall decline in catches was reported (McClanahan
and Mangi 2001) but since then catch rates and
abundance of predominant fish groups appear to have
been stable, with minor variation among gear types
(Obura 2001, Kanyange and Obura, 2003).
The artisanal fishery of Diani-Chale is multispecies and multi-gear, employing traditional dugout
canoes propelled by either poles or sails. The gears
used include basket traps, handlines, spear guns, gill
nets and cast nets among others. Even with the
existing fisheries management measures, there has
been unregulated gear use although elders and fisher
folks have in the past played a big role in eliminating
use of destructive gears such as beach seines from some
fish landing sites (McClanahan and Mangi 2001). The
gears target different species and fishers have
preference for certain fish and fishing sites with most-
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visited sites having the highest catch rates. Fishermen
work individually or in pairs and at times in small
groups and fishing is characterized by low catches
hence poor incomes and living conditions.
To manage fisheries, information about fishers,
catch and effort, fish stocks, fish processing and trade
is vital. Such information forms the basis for policy
choices, management plans and evaluations, and has to
be sufficient, of good quality and up-to-date. The
magnitude, spatial and temporal distribution of fishery
resources (catch records and catch per unit effort) is
required to give indications of effort, biomass and
potential yield to enable evaluation of long-term cyclic
variations.
It has become increasingly important to actively
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involve local communities in resource management
from research or monitoring stage to formulating
management policies. In Diani-Chale efforts have
been made to increase the fishers’ involvement in
monitoring of fishery resources and the environment
(Obura 2001, Obura et al. 2001, Obura et al 2002).
The participatory monitoring program initiated in
1998 aimed at (1) introducing a community based
monitoring program to track trends in resource use
and condition benefit management agencies
simultaneously; (2) engaging the fisher groups,
community institutions and other stakeholders in
resource management; and (3) use the monitoring
programme as a tool for education and capacity
building among fishers.
The findings of the participatory data collection
process from seven fish landing stations for the period
1998-2006, were used to provide a better insight into
the importance of the Diani-Chale fisheries. The study
evaluates the level of exploitation of the artisanal
fishery in Diani-Chale and Gazi fishing grounds
highlighting seasonality and fluctuations in catch
landings focusing on: catch rates (CPUE kg/man/trip),
composition of landed stocks, and fishing strategies
used. Overall, the report gives an overview of a typical
artisanal fisheries catch profile of Kenyan reef fisheries
at the same time demonstrating the fishers’ capability
to monitor the fishery. The data discussed will be
useful in making management decisions for sustainable
artisanal fisheries and will also add to the existing
knowledge of the artisanal reef fisheries of DianiChale and Diani marine reserve.

within a continuous fringing reef system with a reef
crest about 0.5 to 1.5 km from the shoreline sheltering
sea grass beds in the lagoon with a maximum depth of
5-6 m. Gazi is in a bay covering some 18km2 but is
sheltered from strong waves by the Chale peninsula
and island to the east and a fringing coral reef to the
south. With a fisher density of about 15-20 fishers/
km2 in a 30-40 km2 area (Alidina, 2005) Diani-Chale
coral reefs are characterized by low coral cover, low
fish abundance and high abundance of sea urchins
(McClanahan et al 1994 , McClanahan & Obura,
1995).
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The daily catch of individual fishermen was monitored
twice per week at each fish landing site by a trained
fisherman. Units of measurement were discussed and
selected in community meetings and tailored to meet
fishermen’s local knowledge, practices and needs of
the catch assessment systems (Obura 2001). Recorded
data included: name of the captain, number of crew,
gear used, vessel or means of transport, fishing site,
total catch (kg- estimated wet weight using a spring
balance) and catch composition (taxa and number of
fish). Focusing on representation among the main gear
types, emphasis was always placed on adequately
surveying the different gear types used, with a separate
census exercise undertaken to enable extrapolation
from catch per fisher to total catches (see Tuda et al,
2007). The results of the monitoring work were shared
on a regular basis in the presence of fisherfolks,
community leaders, fishery resource managers and
other stakeholders with the fishery trends shown and
discussed openly in community meetings.
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Diani-Chale area is located 30 km south of Mombasa
in Kwale District (Fig. 1). Data is analyzed from 1998
to 2006 from seven artisanal fish landing stations
namely; Mwaepe, Mvuleni, Mwanyaza, and Chale,
and from 2004 to 2006 from Gazi, Mkwakwani and
Mvumoni. All the landing sites except Gazi are located

The data were analyzed to estimate daily, monthly,
seasonal and yearly averages of the catch per fisher,
catch per gear and landing site and composition of the
landed catch. The catch per unit effort (CPUE) was
based on the weight of fish caught during a fishing
trip or day (kg/man/trip). All data were tested for

311

8()K$%*BL!7,,8#/!#,5!2)#2%,#/!'0),52!%&!.9:;!<=4>
?#,>'0+$@! +,! *+#,+-.(#/)! &0%?! ABBC-DEEFG! )00%0! H#02!
+,5+I#')!2'#,5#05!)00%0!%&!'()!?)#,26!

8()K$%* UL! "%,'(/J! K#0+#'+%,2! +,! I#'I(! $)0! 8,+'! )&&%0'!
<.9:;@! +,! *+#,+-.(#/)1! )00%0! H#02! +,5+I#')! 2'#,5#05!
)00%0! %&! '()! ?)#,2! 3(+/)! /)'')02! +,! H0#I=)'2! +,5+I#')!
$%2'! (%I! 0)28/'26! "%,'(2! 3+'(! '()! 2#?)! /)'')0! 3)0)!
,%'!2+4,+&+I#,'/J!5+&&)0),'!&0%?!)#I(!%'()06!!!

normality using a KSL test. Since the data was not
normally
distributed
even
after
several
transformations, non-parametric Wilcoxon and
Kruskal-Wallis tests were used.

being significant (Kruskall-Wallis c=1825.21, P<0.05,
Fig. 3).
Annual mean catch rate was lowest in 1999 at
Mwaepe (1.5 kg/man/trip) and highest in 2004 at
Gazi (6.4 kg/man/trip, Fig. 4). However there was
considerable variation in CPUE between years at each
landing site and each year between landing sites (Table
1). For all years combined, catch rates differed
significantly between landing sites (Kruskall-Wallis
c=1033.69, P<0.05) except for Chale and
Mkwakwani ,while for all sites combined there were
significant differences over the years (P<0.0001,
Kruskall-Wallis c-3735.15) except in 2004/2005 and
1998/2001. An upward trend in CPUE was recorded
from five out of seven landing sites with Mvuleni
recording the steepest trend (Table 1). Gazi and
Mvumoni showed a gradual declining trend from
2004 while Mwaepe, Mwanyaza and Chale recorded
slightly increasing trends with a peak CPUE in 2006.

6NGJOHG*
*
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The estimated annual and seasonal CPUE for all gears
from 1998 to 2006 ranged from 2.6 kg/man/trip to
4.2 kg/man/trip during SEM and between 3.5 kg/
man/trip to 6.2 kg/man/trip during the NEM with the
minimum recorded during 1999 and the maximum in
2006 (Fig. 2). Following a decline from 1998 to 1999,
annual catch showed a steady increase from 2000 to
2006. Including the 1998 points, a linear regression
slope of 0.165 (r 2 = 0.5834) was obtained, giving an
overall increase of 165 g per fisher per year.
The CPUE in Diani- Chale was significantly
higher during the NEM as compared to the SEM
(Wilcoxon,
Z=-35.87,
p<0.0001).
Similarly,
significant differences in CPUE among years was
noted except for 1998/2001 and 2004/2005 (KruskalWallis c= 1033.69, p<0.0001). Within an annual
cycle, catch rates were minimum in June and during
the SEM (May – August, 3 to 3.7 kg/man/day) and
maximum in March and during the NEM (3.7 to 5
kg/man/trip) with the differences among months

8('-(")*T%&$*
Traditional fishing gears dominate the Diani-Chale
fishery (Table 2), with some being modified with new
materials and/or adoption of new designs from other
communities. In this dataset, the main contributors to
the total catch in the area were bunduki and malema
with 22% and 19% respectively, while amongst the
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least important are mkondzo, kimia kigumi , kimia
chachacha, juya, shomo, nyavu ya kutega and zonga
which scored less than 2% (Table 2). The
contribution of gears to the total catch fluctuates
over time (Fig. 5). Juya, beach seines, were banned
in Diani since 2000 as they are illegal gear and
destructive. However they are common in Gazi and
are among the top gears used by number of fishers.
Catch rates for the gears ranged from a
minimum of 1.7 kg/man/trip for kimia kigumi to
9.4 kg/man/trip for kimia and ring net (Table 2).
Jarife (6.2 kg/man/trip), bunduki (4.7 kg/man/trip)
and malema (4.2 kg/man/trip) recorded relatively
higher catches as compared to other gears (< 2.7 kg/
man/trip). An increase in CPUE over the years was
observed from the majority of gears (Table 2). The
fastest increases recorded (Table 2) are for gears with
few data points, to these high rates of rise are not
realistic. For gears sampled from 1998-2006, the rise
in catch was between 0.13-0.53 kg/fisher/year on the
high side (jarife, bunduki, mshipi, juya, shomo, kimia
kigumi) and 0.03-0.08 kg/fisher/year on the low side

8()K$%* W6! 7,,8#/! K#0+#'+%,2! +,! I#'I(! $)0! 8,+'! )&&%0'!
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(malema, mkuki, nyavu and mshipi).
Gear use varies considerably between landing sites.
The four commonest gears in the fishery are malema,
bunduki, nyavu and mshipi as they are widespread and
used at almost all landing sites (Table 2). Some gears
are only used at specific landing sites; kimia kigumi,
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Year

Chale

Gazi

Mkwakwani

Mvuleni

Mvumoni

±2.4
±5.6
±2.0
±2.6

Mwaepe

All sites

KW

±1.2
±2.2
±3.4
±1.6

Mwanyaza
5.2±2.6
3.3±2.7
2.8±1.5
3.4±2.1

4.1±3.8
3.1±3.6
3.7±4.1
4.1±3.1

**
***
***
***

4.2 ±3.4
3.1 ±2.0

2.5±1.8
3.6±2.9

3.9±3.5
4.4±5.9

***
***

1998
1999
2000
2001

4.3±4.3
3.0±3.0
3.4±5.3
3.8±4.0

3.3
3.6
4.0
5.2

2002
2003

2.9±3.6
4.8±9.1

6.1 ±3.1
5.5 ±3.9

2004

3.5±4.7

6.4±8.7

5.1±3.6

5.4 ±3.5

2.5±1.9

3.3 ±2.1

4.6±2.9

4.3±4.2

***

2005
2006

3.4±3.8
5.2±7.7

4.2±9.5
4.7±9.4

3.1±2.6
4.0±4.4

5.9 ±4.2
5.4 ±2.9

1.9±1.4

4.6 ±3.8
5.7 ±8.7

4.1±3.0
5.8±3.3

4.3±5.2
5.3±6.9

***
***

All years

3.7±5.2

4.7±9.4

3.5±3.4

5.1 ±3.6

2.1±1.6

4.0 ±4.2

3.9±2.8

4.1±4.7

***

c-Value
P-Value

489.92
0.0001

81.27
0.0001

21.99
0.0001

1098.88
0.0001

11.13
0.0008

1645.45
0.0001

1493.15
0.0001

1033.69
0.0001

Regression
slope (r2 )

0.100
(0.118)

0.300
(0.411)

0.1433
(0.127)

0.165
(0.583)

0.307
(0.668)
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1.6
2.6
5.1
3.9
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Gear type
Local name
Kimia+
Ring net
K. chachacha+
Jarife
Bunduki
Mshipi
Malema
Mkondzo/ mkuki
Nyavu
Juya+
Nyavu ya kutega
Shomo
Kimia kigumi+
Zonga
Uzio

English Name
Cast net
Ring net
Cast net
Shark nets
Spear gun
Hand line (hook and line)
Basket traps
Spear
Gill net
Beach seine net
Bottom set net
Harpoon
Beach seine net

Catch statistics
CPUE
sd
9.4
9.4
6.9
6.2
4.7
4.2
3.7
3.3
3.3
3.0
2.8
2.6
1.7
1.5

21.5
15.9
21.0
11.1
3.4
5.3
2.8
1.9
4.6
3.3
2.7
1.9
1.9
1.7

KW

p

%
11
9
11
22
14
19
14

***
***
***
***
***
***
***
**
**
*

Long term trend

Slope

r2

-1.426
1.747
1.465
0.527
0.210
0.273
0.082
0.053
0.035
0.399

0.0660
0.8410
0.8812
0.2450
0.6132
0.7340
0.1969
0.2020
0.0110
0.2670

0.171
0.132

0.6650
0.9750

Stake traps

kimia chachacha, and ring nets were only recorded in
Gazi, juya from Chale and zonga was recorded from
Gazi and Chale. In Gazi, ringnets, mshipi and jarife
recorded the highest catch rates. Mwanyaza recorded
peaks in the use of jarife (17 kg/man/trip) and nyavu
(8 kg/man/day) while Mvuleni recorded maximum
CPUE from bunduki (6 kg/man/trip) and nyavu ya
kutega (7.3 kg/man/trip). Variation in catch rates
from malema, bunduki and mkondzo between landing
sites was slight.

+&,#-*+4>24'(,(4"**
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A total of 1,106,749 individual fishes from 64 families
were recorded from all landing sites over the 7 year
period (Table 3). By abundance the Siganidae and
Scaridae dp,omated at 25.5 and 24.9% respectively,
followed by Lethrinidae (10.2%), Scombridae (5.2%),
Sphyraenidae,
Lutjanidae
and
Acanthuridae.
Altogether, these families accounted for 77% of the
total catch.. The was primarily typical reef fishes
although reef associated and pelagic piscivores such as
Scombridae,
Sphyraenidae,
Octopodidae
and
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Catch composition (%total catch) per landing site
Chale

Gazi

Mvuleni

Mkwakwani

Mwanyaza

Mwaepe

Mvumoni

OVERALL

Species group

Habitat

Siganidae
Scaridae
Lethrinidae
Scombridae
Sphyraenidae

Reef
Reef
Reef
Pelagic
Reef
associated
Reef
Reef
Reef
associated
Reef
Reef
associated
Reef
Reef
Reef
Pelagic

28.1
27.4
10.5
0.8
5.3

15.1
15.4
8.7
24.0
7.4

28.7
20.0
11.5
6.9
1.5

15.8
29.5
8.3
0.1
5.0

29.8
31.0
10.4
1.1
4.9

23.6
26.8
9.9
0.7
4.5

8.7
9.3
5.4
43.9
9.4

25.5
24.9
10.2
5.2
4.5

3.2
2.4
2.6

3.4
3.1
4.2

4.6
2.6
2.8

4.0
6.9
4.1

3.3
3.2
2.5

3.8
3.1
3.1

2.3
3.4
2.0

3.6
3.0
2.9

2.3
1.6

2.4
4.0

2.1
4.4

6.1
0.8

2.5
0.5

3.0
2.2

1.2
3.4

2.5
2.4

2.0
1.9
1.6
1.6

2.8
2.1
1.6
0.1

1.6
1.8
1.4
0.6

3.7
2.9
1.2
0.9

2.0
1.8
1.5
0.2

3.0
2.1
1.8
3.4

1.5
1.3
1.0
0.1

2.2
1.9
1.6
1.3

Reef
Coastal
Reef
associated
Reef

1.6
0.6
1.5

0.0
1.9
0.5

2.5
1.6
0.6

0.0
2.8
0.8

0.4
0.3
0.8

1.3
1.1
1.2

1.2
1.3

1.3
1.1
1.0

0.5
4.4
60
270,422

0.3
3.2
55
100,732

1.0
3.8
57
227,534

0.1
6.9
53
33,201

0.2
3.7
58
202,338

0.5
5.0
60
247,280

2.3
2.4
47
25,241

0.6
4.2
64
1,106,749

Lutjanidae
Acanthuridae
Octopodidae
Labridae
Carangidae
Haemulidae
Mullidae
Monacanthidae
Hemiramphidae
Balistidae
Gerreidae
Loliginidae
Caesonidae
Others

# of families
Total # of
individuals

-

Hemiramphidae (1.3%) formed a substantial portion.
Many families were rare and grouped into “others”,
accounting for 4.2% of the total catch. There were
slight differences between the composition of catch
between landing sites (Fig. 5). The families
Scombridae and Sphyraenidae dominated the catches
landed at Mvumoni (43.9% and 9.4%) and Gazi
(24% and 7.4%) while other landing sites landed
typical reef fishes. Mwanyaza recorded the highest
percentage of Siganids (29.8%) and Scarids (31%).
Catch composition varied by fishing gear (Fig. 6).
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Siganidae dominated jarife, juya, zonga, mkondzo,
malema, ring net and speargun catches (41%-26%)
whereas Scaridae was the leading catch in juya, zonga
and malema (34%-26%). Kigumi and nyavu ya kutega
catches were dominated by Scombridae (44% and
41% respectively) while mkondzo and shomo were
dominated by Sphyraenidae (22.6% and 14.2%
respectively). Carangidae accounted for 42% of the
kimia chachacha catch. The percentage composition
for dominant fish families for various gears showed
some slight variation over the monitoring period.

8()K$%* DL! ! 9)0I),'#4)! I%?$%2+'+%,! %&! ?%2'!
#H8,5#,'! &+2(! &#?+/+)2! (#0K)2')5! HJ! &+2(+,4!
4)#0! +,! *+#,+-.(#/)6! Z#?+/+)2! 3+'(! /)22! '(#,!
D[!28??)5!#2!\\%'()02]]6!.+0I/)2!#0)!2I#/)5!
HJ! #0)#1! /#04)2'! I+0I/)! ^! V`[! <_I%?H0+5#)1!
=+48?+@6!
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The yearly CPUE (kg/man/trip) in Diani-Chale shows
an increasing trend from 3.1 kg/man/trip in 1999 to
6.2 kg/man/trip in 2006 (Fig. 1), due to a broad
increase in catch rates among almost all gears in the
fishery (Table 2). This increase is corroborated by
independent data over the same period and is in
contrast to declining trends recorded from 1995-1999
where habitat degradation and excessive effort were
held responsible for catch declines (McClanahan and
Mangi 2001). The lowest catch rate in 1999 falls in
the year after the 1998 coral bleaching and mortality
event in which shallowest portions of Diani reef
suffered 60-80% mortality (DO, unpublished data).
Reef recovery has occurred from about 2000 to the
present (pers. obs.), and the banning of beach seines
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from most of the Diani landing sites may have
contributed to the recovery of the fishery
(McClanahan and Mangi 2001). Interestingly
Mvuleni, Mwanyaza and Mwaepe landing sites have
shown the strongest signs of improvement, and are the
three sites that most aggressively expelled beach seines.
However beach seines are not totally removed from
the reef as fishers can only stop others from landing
fish at their beach, but traditionally have few powers
to control activities in the water. Thus beach seine
crews have continued to operate from Kinondo
Mgwani landing site, which has refused to allow
monitoring since 1997 and Mkwakwani, which
refused monitoring up until 2004. Additionally, beach
seine teams operating from Gazi share fishing grounds
with those from Chale landing site, around Chale
Island.
The higher catch rates in the NEM (<6.2 kg/man/
trip) over the SEM (<4.2 kg/man/trip) are likely due
to calm weather conditions, the rough weather during
the SEM reducing fishing effort during this season
(Obura 2002). Seasonal to monthly differences were
documented in the composition of the catch and it
may be that fish migrations, decreased density and
activity due to a deeper thermocline in the SEM
(Obura 2001b) and different seasonal reproduction
patterns for both pelagic and demersal fish (Okera
1974, Kaunda-Arara and Ntiba 1997, and Kulmiye et
al. 2002) may influence catch rates in the different
seasons.
Mvuleni, Gazi and Mwaepe have above-average
CPUE (Table 1). Differences in CPUE between
landing sites could be associated with the extent and
condition of the reef and lagoon, fishing effort,
withdrawal of destructive gear and nearby commercial
markets (Obura 2001, McClanahan et al 1996). The
high catch for Mwaepe is surprising, as it is adjacent
to the most degraded reef studied in Kenya
(McClanahan and Muthiga 1998 and McClanahan et
al 1997) and is reported to have recorded extremely
low catches. The reef south of Mwaepe is less degraded
however, and Mwaepe is located at the main break in
the Diani fringing reef, which often has aggregations
of schooling fish in it (e.g. chubs, DO pers. obs.).

Occasional catches from the channel and outer reef
increase the mean catch rate considerably. Likewise
Gazi has open access to a more extensive bay system,
and this attracts migrant fishers from Vanga and
Pemba (Tanzania) who use motorized boats and ring
nets during the NEM (Ochiewo 2004, CORDIO
unpublished data), contributing to high catches there.
Also in Gazi, extensive mangrove systems may increase
the biomass of fish locally through export of detritus
and nutrients and provision of refugia and/or food
that increase the survivorship of the juveniles (Mumby
et al 2003, Ogaden 1997,Laegdsgaard and Johnson
1997).
The four most common gears in the fishery:
malema, bunduki, nyavu and mshipi are widespread
and used at almost all landing sites thus their
contribution to the total catches is high while others
such as kimia kigumi, kimia chachacha, and ring net
were only recorded in Gazi (Table 3 and Fig. 4). This
confers with earlier work where they were found to
contribute between 16-31% to the recorded landings.
This explains why contribution of ring net to the
overall catches is lower. The decline in the
contribution of bunduki and juya over time could be
associated to change in gear use (Fig. 5).
Among gears, bunduki and malema were most
commonly recorded and the main contributors to the
total catch with 22% and 19% of landings
respectively. Interestingly data collection from
bunduki fishers declined gradually from 31% in 2002
to 18% in 2006. Bunduki was declared illegal in 2001
and sensitivity from the young fishermen who
normally use it, and conflict with their elders and
those in authority (e.g. supporting monitoring for
management) is likely to have led to this decline. By
contrast, the overall numbers of fishers using bunduki
did not change over this time (Tuda et al., 2007).

1996). The use of beach seines has dropped as a result
of exclusion, close to zero within Diani sites, but at
about 12% of overall catch including Gazi (Tuda et
al., 2007). Within this dataset, the proportion of
bunduki dropped from 31% in 2002 to 18% in 2006.
A full census indicates that bunduki are the most
common gear in Diani-Chale, being used by 30% of
the fishers, and contributing 33% of the total catch
(Tuda et al., 2007). The decline in bunduki catch
being recorded here is likely due to stigmatization of
the fishers after the gear was banned in 2001, and
their increasing unwillingness to participate in
monitoring.
The fishing techniques and gears have changed
with time , which is likely to continue given the
increasing demand for fish and marine products..
Acquisation of modern fishing vessels at Mvuleni and
Mwaepe landing sites may have contributed to the
shift in gear use enabling fishermen to extend their
fishing range. However, local knowlegde about the
fish behaviour, seasonal variation and periodicity
remains important in adoption of newer methods.
The overall average CPUE for different fishing
gears in Diani-Chale and Gazi bay varied widely with
lowest and highest catches recorded for kimia kigumi
(1.7±1.9 kg/man/trip) and kimia and ring net (9.4 ±
2.5 kg/man/trip) respectively (Table 3). The most
popular gears, malema, mshipi, nyavu and bunduki,
had relatively moderate to low CPUE of 2-5 kg/man/
trip.

+&,#-*+4>24'(,(4"**
The total number of fish families (64) recorded during
the present study is greater than those recorded
previously in the same sites. Thirty seven families were
landed from seagrass, sand and coral habitats
(McClanahan and Mangi 2004), 40 families from
seagrass and un-vegetated areas were sampled by
experimental beach seine fishing in Gazi bay (De
Troch et al 1996), and 50 families were reported from
the same bay (Kimani et al 1996). The scale of
sampling in this study – twice weekly at all major
landing sites for almost 10 years is likely the reason for

+&,#-*2%$*J"(,*N774$,*V9*8('-(")*T%&$*
Among the main gears used, two are illegal in Kenya spearguns (bunduki) and beach seines (juya). In 19956 bunduki and juya contributed 38% and 39% to the
total catches respectively at Diani (McClanahan et al
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the higher diversity reported here. This is also in
opposition with the common criticism that
participatory monitoring does not sample diversity as
well as scientific/technical monitoring (see Obura et
al. 2002, Muhando 2007).
The dominance of low trophic level families and
relative absence of top predators confirms over fishing
and ‘fishing down the food chain’. Top predators are
often the preferred fish and slow to recover as they
grow slowly and mature late. The families Siganidae,
Scaridae and Lethrinidae accounted for 60.6% of the
landings, dominating all landing sites except in Gazi
and Mkwakawani where family deeper and net-based
fishing (ring nets, etc) target Scombridae (Fig. 5). This
corroborates earlier studies which reported dominance
of sea grass and coral reef-associated species with small
number of species contributing largely to the total
captures (McClanahan and Mangi 2004). Rabbitfish
dominate catches from heavily exploited reefs while
small Lethrinids dominate catches from moderately
exploited reefs. Studies done at the fished Mpunguti
Marine Reserve and unfished Kisite Marine Park
showed Lethrinids as the dominant family for 37%
from each protection area and generally higher fish
biomass in unfished reefs as compared to fished ones
(Samoilys 1988, McClanahan and Mutere 1994,
Watson 1996). With the same three families
dominating most gear catches, there are likely to be
high levels of competition, and therefore conflict,
among different gear users.

these overall patterns, catch rates are characterized by
high variability, as catch is affected by local site
characteristics, gear use patterns, seasonal and other
patterns in fish abundance and factors that affect
catchability.
Kimia and ring nets recorded the highest catch
rates (9.4 kg/man/trip) while juya, nyavu ya kutega,
mkondzo and kimia kigumi and juya recorded the
lowest (<3 kg/man/trip). The fish catch of DianiChale shows a high level of dominance by the
Siganidae, Scaridae and Lethrinidae which together
with Scombridae, Sphyraenidae, Lutjanidae and
Acanthuridae, account for 77% of the total catches.
Improvement of Diani-Chale fishery may entail
retiring and phasing out destructive fishing gear classes
(gear shift), change in fishers perception and
behaviour about fishery management, improving
technology and increasing incentives to limit habitat
damage besides development of alternative livelihood
activities.
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Overall catch per unit effort (CPUE, kg/man/trip) in
Diani-Chale appears to be increasing from a low of
3.1±3.6 kg/man/trip in 1999 to 5.3±6.9 kg/man/trip
in 2006, with higher catches during the NEM than
SEM. There are significant differences in monthly
CPUE with catches ranging from 3.07±2.79 kg/man/
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The Diani-Chale area of the southern Kenya coast has
been the subject of considerable fisheries research and
management for over 2 decades, however a detailed
estimate of fishing effort is not yet available. A
seasonal census of fishers and activity patterns was
held from 2003 to 2006, to capture variability by tide,
lunar phase and season in fishing effort by all local
gear types. The confluence of religious and lunar/tidal
calendars results in a very strong cyclical pattern in
fishing, with low tides during the full moon spring
phase in the northeast monsoon being the preferred
time for fishing and half moon neap phase in the
southeast monsoon the least preferred. On average,
daily fishing effort was 27.3±8.9 to 42.3±6.6 fishers at
each landing site, in the SEM and NEM, respectively.
Over a full year this exerts a pressure of 85,551 fisherdays in Diani-Gazi. The total fisher population is
estimated at 570 fishers, and the total annual catch,
based on gear-specific catch rates is estimated at 403
tonnes. Both spearguns and beach seines are illegal
gears in Kenya but between them they support 37% of
fishers in the NEM and 57% in the SEM in the study
area. Spearguns alone account for 33% of the total
fishery. Based on their importance and current

knowledge on impacts of these gears it is
recommended that beach seine regulation be
strengthened and rationalized, but that the social
importance and limited evidence for damaging effects
of spearguns will require softer regulations to reduce
their prevalence but not eliminate them totally.
Extrapolated to the national level, recognizing many
limitations in doing this, these results from DianiGazi suggest the national artisanal fishery employs
almost 23,000 fishers catching over 16,000 tonnes of
fish annually. Both figures are 2-3 times higher than
officially reported levels of 10,000 fishers and 5-7,000
tonnes/year, respectively.

AB*<C7D9*ACB)
The Diani-Chale of the southern Kenya coast area has
suffered intense reef degradation for decades (Khamala
1971), evident through lower abundance of finfish and
coral cover, increased numbers of sea urchins and
increased turf algae cover (McClanahan and Muthiga
1987, Obura, 2001), nonetheless the area supports
one of the oldest artisanal fishing communities in
Kenya (McClanahan et al., 1997). Nevertheless, a
precise estimate of the number of fishers in the area is
not yet available.

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
321

*&E,2)F!"#$%&$'("()*+",%)-"$'".&)"%.,-/"%$.)%!"
Local name
English Name
Description.
Bunduki

Speargun

Mkuki

Spear

Shomo

Harpoon

Malema

Basket traps

Uzio

Stake traps

Mshipi
Nyavu

Hand line
(hook and line)
Gill net

Jarife

Bottom set net

Nyavu ya kutega

Bottom set net

Cha cha cha

Cast net

Juya/kimia kigumi

Beach seine net

Ring net

Locally made using wooden or metal tube shafts, with steel harpoon powered by
rubber/inner tube strips. Illegal.
Metallic rod (steel) sharpened at one end, may have a wooden handle or not,
mostly targeting octopus and rays. Traditional.
Wooden Harpoon without metallic tips mostly targeting octopus. Traditional.
Wooden strips woven in hexagonal patterns with an entry point for the fish, with
pieces of rocks attached to weigh the trap down. Traditional.
Intertidal traps and fences (used without boat). Traditional.
Hook and line, made of steel hooks and nylon monofilament, uses bait. Modified
traditional.
General term for fishing nets, made of nylon, but of various mesh sizes and used
differently. Modified traditional.
Net with large mesh size targeting large fish such as sharks, mesh size range of 5
cm to 12 cm Usually set offshore.
Used similar to jarife , smaller mesh size ranges from 1.5-2.5 cm..Set in channels
along the path of fish.
Large net with fine mesh sizes of < 3cm, targeting sardines and sprats. The net is
set in the middle of two nets of different mesh size, held on either side by two
moving vessels.
Large robust net, with small mesh size and fine-mesh cod end. Illegal as damages
habitat, juveniles populations and bycatch. Requires large group of fishers to operate. Introduced gear.
Large seine nets, medium mesh from 5-9 cm, set in a circle, originally in deep
water for fish shoaling at the surface. Two sets of ropes on the top and bottom,
pulled by the fishers from a boat. Requires large group of fishers to operate. Introduced gear.

Kenya’s Fisheries Department estimates that there
are about 10,000 fishers directly engaged in fish
production along the Kenyan coast (SOC 2008),
however local level numbers are not known. The
national estimate is derived from the number of
licenses issued for fishers and boats registered at the
different landing sites. However there are a number of
problems with these methods. First, compliance is
low, particularly for the registration of fishers. Second,
an average of two or three fishers per traditional
fishing vessel at the coast is used, however some vessels
carry over 12-15 fishers (un-powered) or over 20
(powered). Also, the bulk of fishers neither have nor
use vessels, particularly speargun fishers who swim and
those who glean on the reefs and in shallow water. In

addition, some people fish as a part time activity and
likely to excluded in such counts.
Kenya’s artisanal fishery includes a wide range of
gear types (Table 1), the selection of which involves
many historical and preference factors for individual
fishermen (Glaesel, 1997), and these change with
environment, social and economic pressures over time
(Ochiewo, 2004). Further, fishing activity changes
according to tidal and seasonal cycles as water depth,
daylight and the monsoon seasons affect accessibility
of different fishing grounds for different vessels and
gears.
Participatory monitoring and research activities
have been carried out from 1997 to the present in
Diani-Chale, supported by CORDIO (Obura et al.
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2002, Alidina, 2005). More broadly, the area has been
the focus of community involvement in comanagement of marine resources following many years
of lack of any formal management since the area
residents resisted the establishment of an MPA in
1994 by the Kenya Wildlife Service (Rubens 1996,
Obura et al 2001, Alidina, 2004). A problem with
fishery management in Diani-Chale has been the lack
of a total effort estimate, i.e., knowing how many
active fishers use the reef from one day to the next,
and over relevant cycles such as the tidal, lunar and
seasonal cycles and in a calendar year.
To address this issue, a seasonal census of fishers
and activity patterns was held from 2003 to 2006, the
results of which are reported here. The specific
objectives of the study were to estimate the fisher
population at the selected the landing sites, and
determine if fishing activity follows temporal patterns
related to the tides and seasons.

full
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The census was initiated in 2003 at four primary
landing sites, Mwaepe, Mvuleni, Mwanyaza, and
Chale, and by 2006 included measurements at the
other three main landing sites in Diani-Chale:
Mkwakwani, Mvumoni and Gazi (Fig. 1, Table 2).
Data was collected during the two main monsoon
seasons that determine the degree of fishing activity.
The northeast monsoon (NEM), or kaskazi, from
November to March, is characterized by gentler winds
from the northeast and sunny, dry conditions making
fishing easy. By contrast the southeast monsoon
(SEM), or kusi, from April to October, is dominated
by strong winds off the ocean from the southeast, with
rough seawater conditions and frequent rain, making
fishing difficult. Additionally, Kenya has a strong
semi-diurnal tide (Tobisson et al., 1998), with two
cycles in a 25 hour period and a strong cycling
between neap and spring tides twice during a lunar
phase (Fig. 2). The timing of the high tides and low
tides over the lunar cycle is stable such that the peak
of the morning high tide on the first day of the new or
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Long term sites
Short term
sites
Mwany.

X
X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X

Mvumoni

Mwaepe

SEM
NEM
SEM
NEM
SEM
NEM
SEM

Mkwakw.

Mvuleni

2003
2003-4
2004
2004-5
2005
2005-6
2006

Gazi

Season

Chale
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Year

X
X
X

X
X
X

X
X
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Islam is the main religion among fishers in
Diani-Chale hence much emphasis is put on
the Islamic calendar, and the lunar month
(Fig. 2). This lasts approximately 29 days
based on observation of the moon phase.
The first time that the thin waxing crescent
moon is visible after new moon (low in the
evening sky just after sunset) marks the
beginning of the month, and is designated
day 1. The lunar month ends on days 28-30,
depending on sighting of the moon. In
practice, the dependence of the Islamic month on
observation of the moon is affected by variability in
local conditions (weather, presence of mountains,
etc.), and this results in some disagreement on the
precise day of the month. This can vary across
countries, and also among religious leaders. At the
study site, the sighting of the moon and days of the
Islamic month are coordinated by radio broadcast
Zanzibar, Tanzania, daily.
Local terminology is used in describing the tidal
phase relative to the moon (Fig. 2): the days of the
large spring tides bracketing the new or full moon are
referred to as bamvua, which generally lasts for 3-4
days around the full moon from days 29- 3 and 15-18
of the Islamic calendar. Following these days, the tidal
range decreases until a week later during neap tide
when the range is smallest. This is known as msindizo
and falls between days 8-10 and 21-23. The period
associated with receding springs (bamvua) towards
neaps (msindizo) is referred to as maji ya jioni as the
good tides for fishing occur in the late afternoon
( jioni) and occurs between days 5-7 and 18-20. The
period as neap tides build back up into spring tides is
called maji ya asubuhi as the good tides for fishing
occur in the early morning (asubuhi) and occurs from
days 11-13 and 24-27. Msindizo means to rest and
during this period the malema (basket trap) fishers
don’t fish as the late low tide in the afternoon limits
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moon occurs at about 2 am +30 min throughout the
year (Jiddawi et al. 2002).
Sampling was conducted during a full lunar period
at the peak of each season. Eight sampling days were
chosen to fall on the spring and neap phases of the
tidal cycle in each lunar month (e.g. days 2/3, 7/8,
15/16 and 22/23). On each day, data was collected for
a full 12 working hours. Data recorded included: the
actual time that each fisher or fishing unit set out to
go fishing, the type of vessel used, the fishing gears
used, and the total of captain and crew for each fishing
unit. In addition, the name of the captain was
recorded. For accurate recording the data collector was
strategically placed at the landing site to record even
those fishers who do not directly use the landing site
when going in to fish, a common behavior among the
spear gun fishers who do not have anchored vessels at
the site. Depending on the time spent by fishers in the
sea, the data collector also recorded the time each of
the fishers returned.
Extrapolations from numbers of fishers to total
catch for the Diani-Chale fishery used catch per fisher
estimates from Maina et al. (2008).
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them from setting their traps as a result of darkness.
Additionally, there is a lore that traps should be set
with the opening facing east and the baited side on the
west, so that as the sun sets it illuminates the bait
attracts the fish into the trap. But with the late low
tide in msindizo it is dark shortly after setting the
traps, and the fish are unable to see the bait, reducing
the catch.
Of relevance here, data recorded over multiple
lunar cycles and years results in overlap of some of the
named phases (Fig. 3). Additionally, variation and
overlaps in the actual day that have been reported by
the fishers, are attributed by fishers to the morphology
of the landing sites. For example, one fisher stated that
the tides vary slightly from one end of the 10 km
study site to the other (i.e. from Diani to Chale/Gazi);
Diani has a shallow lagoon compared to Gazi and
Chale, hence the tide recedes faster at the former. As a
result the tide may be perceived as asubuhi in Chale
but as bamvua in Mwaepe.

2003 (July) to NEM of 2005-6 (December-February),
while the additional sites were sampled once in the
NEM of 2003-4 and in NEM and SEM in 2005-6.
On average, the number of fishers censused each day
during the NEM (36-42) was higher than the SEM
(26-27, Fig. 4), and with slightly lower variation
during the NEM. The number of fishers varied greatly
across the landing sites. Gazi had by far the highest
number (Fig. 5) with over 100 per day during the
NEM decreasing to less than 80 during the SEM, with

-$".$'()!//+0#)
The main landing sites, Chale, Mvuleni, Mwaepe and
Mwanyaza were sampled each season from the SEM
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wide error bars (the SEM was only sampled in one
year, so no error bar shown). All other sites had more
or less similar numbers, though the number decreased
from Chale in the south (35-40 per day) to Mvumoni
and Mkwakwani in the north (15-30 per day).
The number of fishers varied with the lunar and
tidal cycles (Fig. 6). During the NEM however,
variation was less, with almost no cyclical trend
observable for fishers at all sites over the lunar phase
(Fig. 6a), and only a small degree of variation over the
tidal phase (Fig. 6b) showing slightly more during
days 4-6 and slightly less during days 10-12,
corresponding to bamvua and msindizo periods
respectively. At the main sites the variation is more
pronounced, with a distinct increase in fishers during
the spring tides after the full
moon (lunar days 15-18) and
less during both neap tides
( msindizo) on lunar days 8-11
and 22-26, and tidal days 810. Variation in fishers per
day is more pronounced
during the SEM particularly
for the neap tide/msindizo
days preceding the new moon
around lunar days 20-24. At
the main sites during the
NEM, the slight increase in
fisher activity during the
spring tides (bamvua, tidal
days 2-4, lunar days 2-4 and
15-18) is clearly shown.
From 2003 to 2006 there was
no consistent trend in
number of fishers per day at
the landing sites. Overall,
n umb ers
s ta yed
approximately the same (Fig.
7). Notably, there was neither
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an increase nor a decrease in
fishing effort over the 3 years
of the census (DSIC – stable
fishery). Chale and Mwaepe

showed declines in numbers of fishers
during the SEM while Mwanyaza and
Mvuleni showed declines during the
NEM.
Based on the number of fishers per
lunar day, the total number of manfishing-days per season and year can be
calculated (Table 3). With an average of
42.25 and 27.30 fishers per day during
the NEM and SEM respectively, we
estimate that 1,225 and 792 fishers are
active per lunar month, and 6,379 and
5,842 in each season. Using a global
mean of 3.8 kg/fisher/day catch from
the same dataset (Obura et al. 2002),
these correspond to 24,240 kg and
22,201 kg of fish caught in the NEM
and SEM respectively, and an annual
catch for the Diani-Chale reef system of
46,442 kg.
The above numbers give the average
daily fishing effort. However fishers
don’t fish every day, and we calculated
a possible maximum number of fishers
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as follows: for each captain’s name, the maximum crew
size was taken and added together to estimate a total
number of fishers. Table 4 shows the numbers
estimated by landing site and year. Overall, the
numbers suggest a population of approximately 570
fishers in the Diani-Chale area. With 36.4-42.2 active
fishers on average at each of the seven landing sites in
the two seasons (Fig. 4), and therefore 252 – 294
fishers overall across the study sites, 45-52% of all
potential fishers are active on any given day.

:2&0)D"2)
Spearguns were the most common gear used in both
seasons, by 84 and 74 fishers in the NEM and SEM,
respectively (Table 5) corresponding to > 30% of
fishers among all sites combined, and slightly more in
the main sites (Fig. 8). Beach seines, or juya, were the
next most common gear (10-25%) due to their heavy
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use in Gazi particularly during the SEM (61 fishers per
day). Next most common in use were the traditional
gears hook and line ( mshipi), gill nets (nyavu) and
basket traps (malema), at 10-15% of fishers overall.
Beach seines and ring nets at Gazi, and bottom set nets
( jarife) at all sites showed strong seasonal differences in
use. Ring nets and set nets are used outside the reef, so
use is restricted to the calm NEM. Use of beach seines
at Gazi is strongly seasonal, and predominant in the
SEM when their use in shallows close to shore may
favour them over other gears that need to be used in
deeper waters, and due to a local regulation at the
landing site restricting their use in the NEM in order
to minimize conflict with others gears. Gill nets in Gazi
were much more common during the NEM, and
fishers may trade off between the two depending on the
season.
Based on catch rates for each of the gear types

Per landing site
NEM
SEM
Number of fishers per day
Mean
Standard deviation
Standard error of mean

42.2
6.6
2.3

DianiDiani - Chale area
NEM
SEM

27.3
8.9
3.0

296
46
16

191
62
21

29
792
86
619
964

8,576
473
7,630
9,522

5,542
604
4,335
6,749

Number of fisher-days per lunar phase
# days
Total fishing days
1 se range
Upper 95%
Lower 95%

29
1,225
68
1,090
1,360
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Number of fisher-days per season
Total (season)
1 se range
Total (annual)

6,379
5,842
352
636
12,222

44,654
40,897
2,463
4,454
85,551

Estimated total catch
Average catch per fisher
Total (season)
Total (annual)
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4.4
28,068

25,707
53,775

196,476
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376,423
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E"

E#

2003

2004

2005

2006

135

179

88

113

129

Gazi

220

155

67

147

Mkwakwani

94

67

46

69

156

69

84

98

38

35
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Chale

3$%&)+%"</"7*'-$'("%$.)!"

Mvuleni

84

Mvumoni

Average

37

Mwaepe

109

123

52

81

91

Mwanyaza

78

127

54

62

80

810

466

All

571
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Chale
Gear
NEM
Bunduki
18.3
Juya
0.0
Mshipi
2.7
Nyavu
2.9
Malema
6.3
Ring Nt
Jarife
6.9
Cha
0.0
Mkuki
0.4
Ny kut.
Shomo
1.7
Uzio
Total
39.1
*&E,2)Q)N+'#$'523K"
Gazi
Gear cont.
NEM
Bunduki
5.0
Juya
22.5
Mshipi
10.1
Nyavu
25.3
Malema
0.1
Ring Nt
25.6
Jarife
4.4
Cha
10.0
Mkuki
0.0
Ny kut.
1.3
Shomo
Uzio
0.1
Total cont.
104.4

SEM
14.3
0.2
1.5
4.8
5.9
1.2
0.1
0.7

Mvuleni
NEM
9.1
0.5
7.6
3.8
6.2

SEM
7.4
0.0
7.3
3.9
3.3

Mwaepe
NEM
8.8

SEM
8.5

Mwanyaza
NEM
20.6

SEM
12.5

9.8
2.6
6.8

9.1
1.2
6.9

7.7
2.6
7.7

7.6
2.3
4.3
0.6
0.0
0.4
0.0

0.5
0.0
0.4
0.2

0.4
1.1
0.5
1.1

2.0

0.4

0.5
0.0

0.6
0.2

0.1
0.2
0.3
0.1

28.3

24.9

30.6

27.0

39.3

27.7

Mkwakwani
NEM
11.3

SEM
10.8

Mvumoni
NEM
11.3

SEM
15.5

6.7
8.2
3.2

4.6
7.4
4.1

2.6
1.5

3.1
3.1

0.3

2.0

1.6

0.0

29.5

28.9

17.0

21.8

Total
NEM
84.3
23.0
47.2
46.8
30.2
25.6
13.9
10.2
3.6
1.6
1.7
0.1
288.2

SEM
74.1
61.7
35.2
22.7
24.5
0.0
5.1
1.2
5.1
5.5
2.5
1.4
239.1

2.5
31.2

SEM
5.1
61.5
2.0
0.0
0.0
0.0
2.5
0.0
1.0
4.1
1.4
77.6
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CPUE
Number of
Total catch (kg)
% total
(kg/man/
fishers daily
Gear
trip)
NEM
SEM
NEM
SEM
Annual
Bunduki

4.7

84.3

74.1

59,809

74,548

134,358

33%

Mshipi

4.2

47.2

35.2

29,903

31,679

61,582

15%

3

23.0

61.7

10,419

39,590

50,009

12%

Nyavu

3.3

46.8

22.7

23,331

16,024

39,355

10%

Ring Net

9.4

25.6

0.0

36,372

-

36,372

9%

Malema

3.7

30.2

24.5

16,879

19,435

36,314

9%

Jarife

6.2

13.9

5.1

13,043

6,776

19,819

5%

Cha cha cha

6.9

10.2

1.2

10,593

1,746

12,339

3%

Mkuki

3.3

3.6

5.1

1,801

3,633

5,434

1%

Nyavu ya kutega

2.8

1.6

5.5

678

3,280

3,958

1%

Shomo

2.6

1.7

2.5

649

1,406

2,055

1%

Uzio*

4.1

0.1

1.4

77

1,206

1,284

0%

203,554

199,325

402,879

Juya

Overall

(Maina et al., 2008) the total contribution of each
gear to the area fishery can be calculated (Table 6).
Using individual gear CPUE the total catch estimated
(402,879 kg) varies from the blanket estimate in Table
3 (376,423 kg). The high usage and CPUE of bunduki
makes it the largest contributor to catch in the area,
providing 33% of all fish caught in Diani-Chale and
Gazi. Hook and line fishing contributes the next
highest proportion of catch, at 15%. Beach seines
(juya), because of their low CPUE, prohibition from
most of Diani-Chale area and seasonally restricted use
in Gazi, contribute 12% of all catch, in third place.

fishing activity is lower during the southeast monsoon
(SEM). Nevertheless, the fringing reef structure of the
Diani-Chale coastline results in lagoon waters being
sheltered from ocean waves for 4-6 hours during low
tide each day so some access to the sea and to
intertidal exposed reef flats is possible under almost
any conditions, and fishing during the SEM is only
slightly below levels in the NEM. At the short-term
sights of Mvumoni and Mkwakwani there was no
difference in fishing between seasons, and the former
even showed higher fishing activity in the SEM. Gazi
bay is a more open and exposed system than the
fringing reef at Diani-Chale, and a larger increase in
fishing during the NEM is clearly seen (Fig. 5).
During both seasons cyclical fishing activity by
tidal and lunar phase was recorded (Fig. 6) however
this was much less so during the NEM than during the
SEM. Lower fishing activity during ‘msindizo’, or
neap tides, was reported by fishers as being due to low
tide falling in the late afternoon. During neap tides

7A@9D@@ACB)
The combination of religious and lunar/tidal calendars
results in a very strong cyclical pattern in fishing (Fig.
2), and the monsoon seasons strongly influence the
amount of fishing during the year (Figs. 4, 5). Access
to the sea is restricted by strong wind and waves, so
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rounding up errors, related to pride in reporting high
numbers. The method used to arrive at the total
number of 570 fishers in the area may result in overestimation, as the same individuals may be doublecounted on different days if they fish with different
captains, and some captains may work as crew on
some days. However this does not affect the daily
counts and total catch estimates.
Non-fishing activities and opportunities may
influence fishing patterns noted here. The sites
showing the least difference between NEM and SEM
fishing effort, or a reversal of the expected pattern of
less fishing during the SEM, are Mvuleni, Mwaepe,
Mvumoni and Mkwakwani. These are the northern
sites in the area (Fig. 1) and the most closely
associated with the tourism industry in Diani. Gazi,
Chale and Mwanyaza are all more isolated from
tourism. The high season for tourism falls mainly in
the NEM in December-March, and many fishers may
either be employed in other tourism-related work, or
opt to take tourists to the reef as this earns more than
fishing, thus decreasing fishing effort.
Overwhelmingly the most important gear in the
Diani-Chale fishery is the speargun (bunduki),
operated by 30% of all fishers and catching 33% of all
fish caught. The next dominant gears are far behind,
with hook and line and beach seines more or less equal
at about 15% of fishers using them and 12-15% of
total catch. Fishers depend on spearguns and hookand-line almost equally throughout the year, but
beach seine use is highly seasonal, supporting 25% of
fishers during the SEM (predominantly in Gazi, when
other options are limited) but only 10% in the NEM.
Both spearguns and beach seines are illegal gears in
Kenya. Their combined importance in the artisanal
fishery, supporting 37% of fishers in the NEM and
57% in the SEM, poses significant challenges for
rational management. Both are gears of last resort in
that they require minimal investment and experience
of the fisher (Obura et al. 2002). Their greater use
during the SEM when traditional gears are harder to
operate, requiring more experience, emphasizes their
importance as a last-resort source of income and
protein.

the lagoons are more exposed to ocean conditions as
the higher low tide height results in the reef crest not
being fully exposed – and during the SEM rougher
conditions are experienced in the lagoon. Thus
rougher conditions in the SEM appear to accentuate
the lunar pattern of less fishing activity during neaps/
msindizo. It was interesting though, that while the
lunar/tidal cycle in fishing activity was strong at the
long-term sites (Diani-Chale) in the NEM, it was
weaker with all sites considered (Fig. 6). This
breakdown in the cycle may be dominated by fishing
activity at Gazi, which is known for a larger
proportion of migrant fishers, and for young men
(who may be inexperienced) joining fishing crews as
casual labour, for beach seines and ring nets. They
may be less tied to traditions of fishing by the lunar
and Islamic calendar, and the gears they operate,
particularly ring nets (which may be used floating or
on the bottom) in the NEM may be less dependent on
tidal cycles that affect water depth and the use of
bottom-dependent gears.
This study estimates a total population of 570
fishers operating in the 7 landing sites in Diani and
Gazi, with daily numbers averaging 27.3±8.9 to
42.2±6.6 fishers per site, in the SEM and NEM,
respectively. These fishers exert a pressure of 85,551
fisher-days per year in Diani-Gazi (Table 3). Using the
mean CPUE for the area (Maina et al. 2008) we
estimate a total catch of 376,423 kg of fish from the
reef system, though using a more accurate method
based on gear-specific CPUE, the total catch is 10%
higher, at 402,879 kg (Table 6). A number of factors
in the census method used tend to under-estimate the
number of fishers each day. These include the activity
of night-time fishers, who are common, avoidance of
data collectors by fishers using illegal gears and fishers
uncomfortable with research and monitoring for
various reasons, and fishers operating from locations
other than the 7 landing sites. Additionally, some of
the landing sites, such as Mwanyaza, extend over
several hundred meters of beach, and fishers may be
missed. Factors that lead to over-estimating effort
generally do not apply to the counting of fishers, but
may occur in weighing and reporting of catch such as
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infringements or enforcing the law on their colleagues
and relatives. Conflict among fishers, whether by ageclass, social standing, origin or other internal division
will most likely be aggravated by this dilemma
resulting in worsening, not improved, fisheries
management.
Based on the numbers of fishers dependent on the
illegal gears, and the degree of evidence supporting
those designations, we recommend:
-Strengthen efforts to enforce and rationalize beach
seine regulation and enforcement. This will
remove a destructive gear from both fishery and
social perspectives, affecting about 17% of total
fishing effort by either encouraging alternatives to
remove this effort, re-assigning the effort to nondestructive and less conflictual gears, and/or
redesigning the gear and its use to be less
destructive;
-Rescind the ban on spearguns but devise alternative
management options, through the BMUs. This
will affect one third of all fishers. For example, by
restricting spearguns to entry-level fishers (e.g. less
than five years) and/or by zonation of fishing sites
or times, the total effort by spearguns may
progressively be reduced and that of other gears
increased. Achieving this will require technical
improvements to other gears that have lower catch
rates than spearguns (Table 6) as well as
establishment of formal training courses to attract
fishers away from spearguns, perhaps through the
Fisheries
Department,
BMUs
or
both.
Additionally, focused investment and promotion
of alternatives to fishing are required.
Scaling up these results to the national level can be
done through a simple extrapolation of these results,
assuming the area, landing sites and BMUs are
representative of those nationally. Three of the
landing sites reported here are formally gazetted by the
Fisheries Department as BMUs. The fisheries Frame
Survey of 2006 (GOK 2006) reported 31 landing sites
in Kwale District, which was 26.9% of the total of
115 coastal landing sites. Thus from numbers reported
here for Diani-Gazi (570 fishers and 403 tonnes
annual catch) we estimate the Kwale District totals to

The damaging effects of beach seines on fish
populations has been amply demonstrated due to their
high juvenile and by-catch rates (McClanahan, 2005),
and the destructive effects of their use on corals and
seagrass beds is clear from trampling by the operators
to snagging and breakage when the nets are dragged.
Less emphasized but increasingly apparent is their
destructive impact on social structures. Welcomed
early on because of their large overall catches and
employment of local youth (Obura et al. 2002), they
soon deplete fish populations locally and out compete
other gears (McClanahan, 2004). The low per-fisher
catch rate of beach seines (Table 6, Maina et al. 2008)
does not appear to deter fishers from using it. This
may be because the low individual catch is masked by
the large overall catch, or individuals accept this tradeoff as they do not have to invest in gear or preparation
of their own. In some areas beach seine captains are
exclusively outsiders, and ownership of the gear and
boats is by the captains or non-fishing entrepreneurs
(CORDIO/FAO, in prep). Thus from being
independent fishers owning and operating their own
traditional gear, and earning both cash and protein for
home consumption, fishers become day-labourers. In
the most extreme cases beach seine crews may carry
home only their share of sales, without a share of lowgrade fish which traditionally may be the main source
of household protein (CORDIO/FAO, in prep).
Spearguns were banned by decree due to claims
from fishing elders that they are destructive. However
scientific evidence for this has not been shown, and
the conflict between speargunners and other fishers is
reminiscent of age-class and other social conflicts
rather than fishing effects (Obura et al. 2002). The
value of spearguns as an entry-level gear for
inexperienced young fishers is clear. Because of this
the social costs of their being illegal are potentially
high, as strict enforcement would deprive one third of
all Diani-Gazi fishers of their livelihood. The
inconsistency in tolerating an illegal gear can be highly
damaging to rational management, particularly at this
time when authority and responsibility are being
delegated to Beach Management Units, and fishers
will have to face the multiple dilemmas of tolerating
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be 5,890 fishers and 4,164 tonnes/yr, and the national
totals to be 21,900 fishers and 15,481 tonnes per year,
respectively. The number of fishers is over twice the
Frame Survey results of 2,986 (Kwale) and 10,154
(national), and the total catch is double the level
reported for 2005 of 7,605 tonnes (GOK 2005).
Differences in methodology may account for some of
the discrepancy. However considering that this study
does not include the higher-productivity catch
estimates of offshore fisheries common on the
northern coast (e.g. tuna trolling and large bottom
nets, jarife) and included in Fisheries statistics, the
under-estimation of national marine catch and its
socio-economic importance may be more than
indicated. A detailed census of fishing effort as done
here, combined with accurate catch per effort records
and local frame surveys should be carried out at a
more representative selection of landing sites to
achieve a more accurate estimate of these parameters.
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Groups were found to have very low levels of
transparency and accountability, and mismatched
priorities between officials and members. Though
fishers see themselves as poor and look to external
agencies to provide funding, 82% of the resources the
groups utilize come from internal sources and suggest
much greater levels of independence than they
recognize. The gaps between the expectations in the
BMU regulations and the capacity of fisher folk are
highlighted and some of the capacity building needs
and recommendations for implementing BMU
regulations in Diani-Chale are provided.

The Diani Chale fishery at the Kenyan coast is facing
intense pressure of over-exploitation by communities
living along the coastline. Fishing is the main source
of livelihood to many families and unregulated
exploitation of the resource would impact negatively
on thousands of families. The Fisheries Department
has the mandate to manage fisheries resources;
however the convectional top-down approach in
implementing government policies has not succeeded
in regulating coral reef fisheries and preventing
overexploitation. Consequently, the government has
designated Beach Management Units (BMUs) as a
mechanism to involve fishers in co-management of
fisheries, requiring fishers at a landing site to take on
many management roles. The study examines the
ability of existing fisher groups and organizations in
areas of group membership, election of officials,
financial resources and accountability to determine
how well prepared fishers are to function as BMUs.

EFD<0>8@DE0F''
The Kenyan coastline is rich in marine resources and
biodiversity. Many communities depend on the
marine and coastal environment and its associated
resources for their livelihood. Marine fishing directly
and indirectly employs approximately 20,000 people
(Tunje, 2002), and provides monetary incomes to

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008) Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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Ranking

No. of times
mentioned by

Objectives

Members
1

Development/Self Reliance

2

Total

Officials

10

10

20

Advocacy/Fisher Rights

3

9

12

3

Equipment Purchase

5

6

11

4

Fishers Welfare

5

5

10

5

Conservation/Sanitation

0

3

3

6

Market Fish

0

2

2

7

Revenue Collection

2

0

2

8

Conflict Resolution

1

0

1

about 70% of the coastal communities in Kenya
(Malleret & King, 1996). In many tropical regions
high population, influx of immigrants, poverty and
unemployment have exerted pressure on coastal
resources including fisheries. Management of artisanal
fisheries under these conditions is challenging as
resource users have few alternatives to enable them to
ease pressure on resources. Co-management is an
important tool in empowering resource users to better
manage their resources.
In Kenya the government has drafted legislation to
establish Beach Management Units (BMU) as the basis
for co-management of fisheries, for marine and inland
fisheries to broaden stakeholder participation in
fisheries management. Formally, the BMU is
envisaged to consist of three main components: an
Assembly, an Executive Committee and SubCommittees. The BMU, through its by-laws, shall
provide for the establishment of Sub-Committees
depending on the need. The Executive Committee
shall elect its ordinary members to head each SubCommittee while the Assembly shall elect members to
serve in the Sub-Committees. The Membership of the
Beach Management Unit would be subject to meeting
certain regulations.
The main objective of the Beach Management
Unit is to strengthen the management of the fish-

landing stations, fisheries resources and the aquatic
environment (DFRE/ILM 2003). It is also expected to
support the sustainable development of the fisheries
sector, ensure the achievement of high quality
standards of fish and fishery products and prevent or
reduce user conflicts. According to the regulations,
each BMU shall have jurisdiction over a beach, the
geographical area that constitutes a fish-landing
station. An official of the Fisheries Department shall
designate a co-management area for each BMU in
which the BMU shall undertake fisheries management
activities jointly with the Department of Fisheries.
The official of the Fisheries Department shall then
draft a Co-Management Plan for that co-management
Area in consultation with the Beach Management
Unit. The Co-Management Plan shall specify fisheries
management measures that the BMU shall undertake
to ensure sustainable use of the resource in their area
of jurisdiction. In the case of a fishery or areas in
which members of more than one BMU utilize the
resource, the official of the Fisheries Department shall
designate a joint co-management area.
The Beach Management Unit Regulations
empower the BMUs to levy fees and other charges
against its members and other users of the beach for
the services that it provides, to raise income in order
to meet its day-to-day expenditures. The levies would
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Acronym

Group name

Registration

Last
Election

Elections
held

GFSHG

Gazi Fishermen
Self-Help group

2002

2002

1

GBMC

Gazi Beach Management Committee

2004

2005

1

MFSHG

Mwaepe Fishermen
Self-Help group

1997

2003

1

MVFSHG

Mvuleni Fishermen
Self-Help group

2003

2003

1

MZFSHG

Mwanyaza Fishermen
Self-Help group

2004

2004

1

CFSHG

Chale Fishermen
Self-Help group

1997

2004

1

SCFSHG

South Coast Fishermen Self Help group

2003

2006

1

MKFSHG

Mkwakwani Fishermen Self-Help group

2006

2006

1
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come from fishing vessels, fish traders and other
facilities provided by the BMU. BMUs may also
receive donations from the government, private
persons and NGOs. The BMU would be expected to
meet its own expenses from the funds generated. This
includes the expenses incurred in the daily operations
and payment of the employees as stated in its by-laws.
This study attempts to review and understand the
status of local fisher groups in Diani Chale in relation
to group composition, representation and leadership,
to assess their capacity and readiness to adopt and
undertake functions detailed in the BMU regulations.
The study will identify some of the opportunities and
constraints that exist concerning the implementation
of BMUs and conclude by with suggestions on
capacity necessary to meet the responsibility being
delegated to the fishers by the government.

'
The study focuses on 6 landing sites of Diani Chale
area of Kwale District that stretches from the
Mwachema river to Gazi Bay in the south (Alidina
2004): Mkwakwani (Trade winds), Mwaepe, Mvuleni
and Mwanyaza in Diani location, and Chale and Gazi
in Kinondo location (Fig. 1). A total of 8 fisher
organizations were studied (Table 1), 5 from Diani
and 3 from Kinondo. Three officials and five group
members from each organization were sampled and
interviewed separately in order for the respondents to
speak with confidence and for the officials not to
dominate responding to the questions.
A structured questionnaire was developed and
administered to the groups capturing the following
key areas:
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!" Objectives for the group formation
!" Group administration, election and meeting
patterns
!" Membership fee structure, Other charges and
accountability
!" Funding for the fisher groups
!" Total annual income
!" Expenditures for the fisher groups
!" Resource management and Conservation
Secondary data sources largely consisted of
literature from CORDIO East Africa (Organizational

Capacity Assessment Report for MFSHG and
CFSHG), PACT-Kenya (Capacity Building in the
Environment Sector) (OCA) and the Fisheries
Department, Mombasa (FD). Data was augmented by
personal interaction with the groups, observation on
resource use practices during field visits and engaging
fishers through informal discussions.

'
<IB8MDB'
The main objective for the formation of fisher groups
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Groups

No of
members

Membership fees

Monthly
subscriptions

Cess
(Ksh/kg)

Financial Reporting
Officials
Members

GFSHG

60

500

50

2.00

Yes

No

GBMC

9

100

n/a

n/a

Yes

No

CFSHG

60

3000

n/a

5.00

Yes

No

MZFSHG

30

50

50

n/a

Yes

No

MVFSHG

33

200

30

1/3 part

Yes

No

MFSHG

36

100

50

n/a

Yes

No

S/CFSHG

100

200

n/a

n/a

Yes

Yes

MKFSHG

50

n/a

50

n/a

Yes

Yes

in Diani Chale was initiation of development projects
to improve their living standard and achieve selfreliance (Table 2). Advocacy for fisher rights,
equipment/gear purchase and fishers welfare were
mentioned as additional objectives. Revenue collection
and conflict resolution were stated as objectives by
members, but not by officials. Conversely,
conservation/sanitation and marketing of fish was an
important objective for group officials but not to the
membership.
Fisher groups in Diani Chale had from 9-100
members (Table 1). Elections were only done once
when groups were initially formed but not thereafter.
Some officials retained leadership for 3-7 years and
there was frequently collusion of family members
serving as officials. In addition, group by-laws were
not followed by the leadership or members.
The main sources of funding among the fisher
groups were membership fees (both a joining fee and
monthly subscriptions), collection of cess, donations
from external organizations, contributions from beach
operators, and charges on use of their weighing

balance (Fig. 2). Hiring out of fishing vessels, levies
from foreign fishers and remuneration for moving off
the previous site were among the least mentioned
sources of income among the groups.
Membership fees varied (Table 3) with Mwanyaza
charging as low as KSh 50/- and Chale as high as KSh
3000/- (i.e. from U$ 0.60 to U$ 40), but average
around KSh 400. Chale Fishermens Self-Help group
started with a joining fee of KSh 100 but increased
this to KSh 3,000. Those groups that charge cess on
fish traded, collected from KSh 2 - 5 per kg (e.g. Gazi
and Chale, respectively). The group in Mvuleni owns
a motorized boat and divides its catch into three parts:
one part is split among the fishers, the second is sold
and goes towards boat maintenance and the third is
deposited in the group’s bank account. Overall,
internal sources of funding comprised 82 % of all
responses (18 out of 22) with external sources
comprising 18%.
The total annual income reported by the fisher
groups in Diani Chale (Fig. 3) ranged from KShs
10,000-60,000 per year. MVSHG group reported the
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7 0 ,0 0 0
6 0 ,0 0 0
5 0 ,0 0 0
4 0 ,0 0 0
3 0 ,0 0 0
2 0 ,0 0 0
1 0 ,0 0 0
0
MVFSHG
GFSHG
CFSHG.
MFSHG
MKFSHG
MZFSHG
BMC
S/CFSHG

Total annual revenue (Kenya shillings)

Fisher groups spent their income primarily on gear
purchase and maintenance, administrative functions
and fisher’s welfare (Fig. 4). Construction and
maintenance of buildings at the landing sites,
traditional sacrifices and fishing expenses were also
mentioned. Some funds were reported by groups
members to be spent on ‘unexplained circumstances’.
Fisher groups in Diani Chale lacked financial
discipline and management. The membership and
officials gave conflicting responses about financial
reporting. It is only in two groups (SCFSHG and
MFSHG) where both the officials and members
agreed that reports were ever tabled. Although the
officials from all the groups claimed tabling their
financial reports, members from six fisher groups
denied ever receiving them. None of the groups have
prepared audit reports. The activities of fisher groups
were reported very differently from one landing site to
another (Fig. 5). General landing site hygiene was
mentioned by all groups except Mwaepe, Mwanyaza,
and South Coast Fisher Group.
Chale, Mkwakwani, Mvuleni and Mwanyaza are
involved in regulating the operations of traders at their
landing sites by deciding which traders buy their
catch. Fisher groups like Mvuleni, Mwanyaza and
GBMC have managed to control the use of illegal
fishing gears. Four fisher groups, Mwaepe,
Mkwakwani, Mwanyaza and South Coast Fisher
Group have not been involved in any role in the
management and conservation of resources.
Mkwakwani fisher group is the only group in Diani
Chale that has managed to control invasion by
external fishers using destructive beach seines into
their fishing zones.

F ish e r g ro u ps
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Unaccounted

Fishing

Traditional

Building

Fishers welfare

Administrative

Gear

8
7
6
5
4
3
2
1
0
Gear purchase

No of respondents

highest level of income followed by GFSHG at KShs
30,000. CFSHG and MFSHG had the same amount
of income at Kshs 20,000, while MKSHG (Trade
Winds) and MZSHG had slightly above Kshs 10,000
each. GBMC and SCFSHG did not report their
earnings.

>EB@8BBE0F'!F>'@0F@M8BE0FB'
In Diani-Chale fishers form groups to improve their
standard of living, earnings and fishing capacity.
Members focus on revenue collection to support their
livelihoods, gear purchase and fishers welfare.
However, officials tend to focus on resource
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management, conservation and marketing. However
no single group has managed to initiate a development
project to raise incomes on its own. Putting
development agenda as a priority among some groups
could have been influenced by the perception that
coming together as a group would attract donor funds;
however many such groups disintegrate soon after they
realize such funding is not forthcoming (Mulwa
2002) The South Coast Fishermen Self-Help group
and Gazi Beach Management Committee existed on
paper but during surveys were not found to be
functional.
The primary sources of income for the groups are
internally generated: membership, cess and other fees
accounts for 82% of their income. Thus the fisher
groups are primarily self-funded, in contrast to their
perceptions that they are not able to undertake any
activities unless funded externally. There is high
variability in total income reported by the

respondents; it is unclear how accurate the amounts
reported are since officials from some groups avoided
questions related to finances while in others they are
likely to have under-reported their earnings fearing
loss of support they already enjoy.
The expenditures of the groups primarily related to
direct fishing costs that include gear purchase and
maintenance, administrative functions, fisher’s
welfare, building of the bandas and maintenance,
traditional sacrifices and other miscellaneous costs. No
groups reported any excess funds available for major
savings or investment, or that could be used to
support broader co-management activities anticipated
for BMUs. Further, the groups do not operate
revolving fund schemes through which members have
the opportunity to save or access loans through the
group structure, an activity common to other
community-based groups.
Importantly, the groups
lacked honesty,
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Implementation of BMUs should be conducted on
a case by case basis and should consider previous
interventions at the landing sites and why they may
have failed. Some landing sites have several fisher
groups established, some of which are confrontational
and in conflict with each other. Many such fisher
groups have assumed responsibilities of managing
landing site activities and have assumed some Beach
Management functions. Other local institutions may
also be relevant, such as the Diani-Chale Management
Trust (DCMT) in the study area, which was
established in 2001. With a coastal area management
focus, it has been attempting to establish an overarching fisheries/reef management role for some years,
though with limited success. Establishing new BMUs
in Diani-Chale must build on these groups and
institutions and gain their support rather then
isolating them and imposing new structures that may
be rejected. Among other problems, these pre-existing
groups might compete for revenue with the Beach
Management Units. Already in Diani Chale the
DCMT considers Beach Management Units in the
area as competitors, a conflict that must be resolved to
avoid further conflict and competition.
Finally, as with most other issues that relate to
fisher landing sites in Kenya, land tenure is a major
constraint. The majority of the designated landing
sites are on private land, therefore their existence is
threatened and future occupancy is not guaranteed.
This has been an issue that has preoccupied fisher’s
minds and has discouraged management or
development interventions in Diani-Chale – without
security of land tenure no permanent structures can be
built at the landing sites.

transparency and accountability; few financial reports
are tabled to the members, leading to continuous
suspicion and conflict. Elections are held irregularly
with some groups retaining the same leaders up to 7
years in office. This situation contributes to, or is a
product of some infighting and lack of trust among
group members. Further, some landing sites have
several fisher groups established, some of which are
confrontational and in conflict with each other,
showing several levels of conflict among fishers at a
landing site that obstruct open and accountable
action.
The expectations and requirements of setting up
and running an operational Beach Management Unit
are quite demanding. From our analysis most landing
site institutions are nowhere near the required level in
terms of their human capacity, skills and experience to
undertake tasks such as conflict resolution and
management of resources. It is therefore important
that during establishment of BMUs the Fisheries
Department should ensure there is adequate
preparation, capacity building and technical support
provided to fishers. Two of the most important areas
are:
1. Lack of trust and open-ness within and between
groups is a significant barrier to transparent and
accountable activities at the group and landing site
(BMU) levels. For example, fisher groups do not
conduct revolving fund schemes, as the lack of trust
within groups undermines each individual’s
confidence that their savings will be safe and can be
used when needed. Training and assistance in
democratic and equitable organization of the groups is
critically important to future BMU success.
2. Although the groups have shown the ability to
generate funds locally, the high dependence on
membership fees and other forms of local funding
both discourages the involvement of many fishers in
the groups and constrains how much the groups can
achieve. BMUs will need additional sources of funding
to support their new responsibilities, including a
regular financial disbursement from the central
government in recognition of the responsibilities
devolved from government.

!@CF0QMI>RI7IFDB'
We would like to thank the fishers and fisher groups
of Diani-Chale for the ten years of work we have
conducted with them, and hope this analysis can
contribute to improved management of their fisheries.
Hussein Alidina played a leading role in setting up this
study and discussions over the results.
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layers for display. With the database installed on a
personal computer, users can also add data layers and
annotate their version to suit their purposes. The
database is provided on an accompanying CD-ROM
as well as on an ‘esite’ on CORDIO’s website
(www.cordioea.org). The interactive provision of
spatial datasets is being done to promote information
sharing among marine resource scientists and
managers and to test emerging technologies in
assisting accurate and informed decision-making.

By treating many spatial components simultaneously
GIS technologies provide opportunities to integrate
and use large amounts of information in simple visual
graphics to assist in managing natural resources. A
spatial perspective can be useful in a fisheries context
to suggest prospective management measures to
resource managers. Here we present artisanal fishery
data in a novel GIS-enabled format. Data was
collected through a participatory monitoring
programme in the Diani-Chale area of southern Kenya
from 1997 to 2007. Analyses were conducted to
provide spatial and temporal statistics on fishing sites,
total catches, catch per unit effort (CPUE), catch
composition and benthic attributes.
Data was
organized in ArcGIS and uploaded using HTML
scripting onto a web based Internet Map Service
(IMS) platform, ESRI’s ArcIMS. This enables a user
to view the GIS through a standard internet/web
browser or ESRI client application, such as ArcGIS or
ArcExplorer/ArcReader. Users are able to query,
search, pan, zoom and identify any geospatial data

8F;EG!HA;8GF*
The Diani-Chale area is located 25 km south of
Mombasa in Kwale District, along the southern Kenya
coast (Fig. 1, 4031’ S and 39050’ E), and extends
from the Tiwi river in the north to Chale island and
Gazi bay in the south (Slim & Gwada, 1993). The
area represents one of the most degraded coral reef
systems in East Africa (McClanahan & Obura, 1995)
and is characterized by high fishing effort, high levels
of conflict among fishers and other coastal resource
users and relatively poor enforcement (Alidina 2005).

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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The development of a local system of resource
management in Diani-Chale is an evolving process and
is of interest to a number of organizations active in the
area.
The Diani-Chale area on the south coast of Kenya
has been the focus of much of the participatory
monitoring work undertaken by CORDIO East Africa
(Obura et al. 2002). The efforts of CORDIO East
Africa have focused on the use of participatory
monitoring and research approaches as a strategy to
create awareness among fishers and engage them to be
more involved in resource management (Obura 2001;
Obura et al, 2002).
This paper describes a web based geographic
information system that can be used as a decision
support tool for fisheries analysis and management.
The application emphasizes the dynamic presentation
of geographic information, which enhances the power
of visual data communication, increases user
interactivity, and improves the usefulness and value of
spatial data.

The tremendous growth in Internet use has resulted in
an increased demand for the delivery of geographic
data, maps, and applications over the Internet.
Through ESRI’s ArcIMS, organizations can author
maps and geo-referenced datasets centrally and publish
them to a Web site of their own creation, complete
with map navigation and query tools regardless of the
scale or complexity of their needs. Web-based GIS
puts an “atlas” of information into the hands of the
client – quickly, cost-effectively, and in a way that is
open for growth and change. Web GIS uses three
predefined templates – an HTML viewer and two Java
viewers; the HTML viewer offers wide browser
support and does not rely on Java applets but can use
only a single Image MapService. Java viewers provide
enhanced functionality and support feature streaming
technology. With a Web GIS, one can:
!" Publish and access documents and URLs based
on map features.
!" Create “views” of all or part of the geographic
area of interest and its various features.
!" Change the look of and label selected map
features to emphasize their display.
!" Quickly generate a hard copy map.
!" Integrate with PowerPoint for map publishing
and presentation.
!" Integrate with Excel for sophisticated tabular
processing and output.
!" Link associated tabular data to a map layer’s
features without having to know anything
about the database, its structure or how to
connect to it.

;IJ*!8@F8/AI@KJ*9L@;8@K*
!@;@D@9J*
To demonstrate the interactive online GIS concept, a
web GIS of the Diani-Chale participatory monitoring
programme of CORDIO was assembled, to help
support fisheries analysis and management.
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In order to provide a comprehensive Web GIS
Database, topographic map layers at a scale of
1:50,000 from the Survey of Kenya were obtained and
overlayed with a LandSat7 +ETM image (from 22
January 2000).The LandSat7 image was geometrically
corrected to the topographic map of the Kenya
coastline. A supervised image classification was done
with the application of the nearest neighbour
resampling method. Classification of pixels with
similar spectral characteristics representing various
habitat classes was carried out using the cluster
module (Richards, 1993) to produce beach and
intertidal layers. Point data of fishing sites in the reef
area were collected through participatory mapping and
later converted into polygons to approximately
represent fishing grounds.
Digital processing for the work was performed
using Erdas Imagine 8.6 for image processing and Arc
GIS 9.1 for GIS work and display (ESRI 1996)
Attribute data for all the map layers was added
interactively at the time of initial data capture in the
field and tested for attribute code consistency,
topology errors and attribute field definition
correctness. All map layers were projected to the same
co-ordinate system (Transverse Mercator WGS 1984
Zone 37s).
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scripting, allows the programmer to use JavaScript or
Visual Basic Script (VBScript) to generate custom
HyperText Markup Language (HTML or web pages)
on-the-fly, and to perform some basic scripting
functions such as data checking and database
integration and hence build solutions and deploy them
to users without requiring the presence of ArcGIS
Desktop
applications
(ArcMap,
ArcCatalog,
ArcToolbox).
ArcIMS gives a choice of two different map
viewers, the HTML viewer and the Java Viewer. The
HTML viewer is simpler and requires a smaller
download for the client (User’s browser), but it cannot
perform some of the advanced functionality available
through ArcIMS. The Java Viewer is a highly
customizable interface capable of the full functionality
of ArcIMS, including feature and metadata services,
but requires uploading a larger java applet (program)
to the client. For the Diani-Chale esite, the advanced
features of the Java Viewer were not needed, and the
customization features and wide browser support
available in HTML viewer were sufficient.
Web GIS uses hypertext transfer protocol (HTTP),
the rules for transferring information over the Web. A
web server handles requests from a client using HTTP
and uses a servlet engine to send a response. (Fig. 2).

8'&$"'"(),)6%(*%+*!6,(6/A5,$"*"96)"*
A number of software packages were customized to
implement the eSite. ESRI’s Internet Map Server
(ArcIMS) package was chosen as it provides a high
level of functionality for spatial analyses and creates
innovative tools to allow users to import georeferenced
data, make spatial selections, perform spatial analyses
and output the results for further analysis. ArcIMS is
part of ESRI’s ArcGIS line of Geographic Information
System (GIS) software products and can be installed
on a range of different World Wide Web (web)
servers. ActiveX Connector was used to develop a
custom client application using Visual Basic and
Active Server Pages (ASP) scripting language to deliver
data and information. ASP, a form of server-side

G#"4#6"P*%+*)5"*8()"4+,7"*
When an atlas is opened its default topic is loaded and
the information associated with that topic is displayed
in six windows
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1.

2.
3.

4.

The Map Layers Window lists all the topic’s
map layers. By turning a map layer on and off,
you can see the various relationships and
information in the map view. “Possible Active
Layers” are green and have an asterisk (*) in
front of them. These layers can be made active
by clicking on them. When they are active, one
can select features, identify features, and find
features on that map layer.
The Tips Window provides useful tips on using
the system.
The Topics Views Window lists the atlas’
topics along with any views the user creates.
These dictate what information in the atlas is
available for use. A ‘Topic’ is a group of map
layers, data sets, and documents that are always
shown when a user launches Dynamic Maps or
logs onto the web site. Topics focus the users’
attention on an item or area of interest while
providing information that is tailored to meet
specific needs.
The Related Information Window lists the map
layers that have related information, and lists
the name of the related information object.
Clicking on the object’s name will launch the
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object and will make its associated map layer
active.
The Spreadsheet Window provides the interface
between the tabular data and the map layer,
and shows the fields and values for the records
in a data table or query. The records in the
Spreadsheet are linked with their relative map
features.
Tabular data window: This window lists the
tabular datasets and any queries generated .
Clicking on a dataset will launch it in the
spreadsheet and will make its associated map
layer visible.

8F8;8@K*EJ9HK;9*
*
Using the Diani-Chale spatial database, we wanted to
view fish catch for different fishing sites. Sites were
classified into six classes from the lowest to highest
catch per unit effort (CPUE) in kg/trip/fisher (Fig. 3).
The resulting map shows that most of the fishing sites
have CPUE greater than 4 kg/trip/fisher, and that
higher-catch sites are grouped near the outer reef with
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lower catches in the central lagoon areas and close to
the beach.
Another view was created to show the spatial
distribution of fishing sites within Gazi bay (Fig. 4).
The fishing sites cluster around the edges of the bay,
the fishermen avoiding fishing in the deep center of
the bay. It also shows an overlap of fishing zones
between Gazi and Chale fishermen, which leads to
some conflict between them (Obura et al. 2001).
The spatial analysis functionality of the esite was
used to determine approximate area of the Gazi fishing
zone (Fig. 5). This was measured using the customised
tool for area calculation and produced an approximate
area of 7 km2. It is interesting to note that named
fishing sites do not cover 100% of the sea area – large
zones between named sites are apparently not used, or
at least not specifically named by local fishers.

public. As an online tool, it can reach a larger group
through libraries and other public access areas. Maps
and other interactive or multi-media educational
materials are easily included in online materials. As a
CD-based platform it can also be easily disseminated
to locations with poor internet access.
Negotiated rule making is used when stakeholders
have strong and opposing opinions. Preparing
information on an esite and visualization of diverse
values would enhance stakeholder understanding of
the issues. A GIS analysis tool could focus
disagreements over the consequences of certain
positions, by immediately showing the effects of
various actions.
Prior to public meetings and hearings, access to
online maps would make information available before
the event, allowing stakeholders to be better prepared
for discussions. The same maps that are shown online
could also be shown at the meeting or hearing, where a
visual representation of data allows for greater
understanding and more effective communication.
On its own, the interactive mapping component
offers the most possibilities for augmentation of
existing public participation mechanisms. As a tool for
data sharing, communication, and education of
stakeholders, it could be incorporated into many
existing processes.

K6'6),)6%(0*
In designing and building the Diani-Chale esite and
application, a number of limitations have become
apparent:

!"#$%&'(#$)*+#%%
Designing a simple, yet powerful user interface for the
esite was a challenge. For an official implementation
of esite, a skilled web interface designer should be
consulted to design the interfaces of the interactive
esite. The educational goals of the site will determine
the content of the web pages, while the expected
audience will determine the design and complexity of
the mapping site. Brevity and clarity should be a
priority, with simplicity for novices and adequate

!89AH998GF*
Web GIS can be used as a tool in the policy-making
toolbox. A marine resource advisory committee could
use a mapping website to share its advice with the
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detail for expert users. The issues addressed should be
well explained, along with the mechanisms used in the
application.

GIS software packages and Sida/SAREC support to
CORDIO East Africa in support of research and ICT
capacity.
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The software used for the site includes a number of
expensive packages from ESRI. It was possible to do
this at CORDIO East Africa because of a grant of a
site license, but this would pose a serious problem for
an agency with a limited budget.

Al-Kodmany, K. (2000). Using Web-based
technologies and geographic information systems in
community planning. Journal of Urban Technology, 7
(1), 1–30.
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*
The Diani-Chale esite showed that an online
interactive GIS tool can be used as a decision-support
tool to support fisheries science and management.
Acting as an educational tool, a decision-making tool,
or the basis for a new public participation process, this
new tool can enhance existing techniques. Through
improved inclusion of science and engaging visual
display of data and decision criteria, Web GIS can
bring decision making processes into the world of the
Internet. It has the potential to improve
communication with and education of stakeholders,
and to build capacity among stakeholders for
participation in the decision-making process.
Despite
limitations,
particularly
in
data
availability, Web GIS can streamline the public
participation
process
for
conservation
and
management of marine resources. It can encourage the
development of a dynamic, communitarian process in
which all stakeholder values are taken into account,
and which enhances the quality and fairness of the
decisions produced through public participation.
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The Flipflop concept started in 1997 on the
north coast of Kenya, in the Kiunga Marine National Reserve, in a project of the World Wide
Fund for Nature (WWF) and Kenya Wildlife Service working with local communities to secure the
future of the area’s people, habitats and species by
promoting sustainable and responsible interaction
with the environment. Here the local women,
young men and children started to collect this
washed up rubbish from as far a field as Japan,
Indonesia, Malaysia and China to make toys, fishing buoys and cushion stuffing.
The story started when a health worker was
looking for ways to improve the diet of the local
people, but villagers had little money. As she
walked the beaches, deserted except for washed
up flip-flops, she suddenly saw this free resource
for the creative women and youth of the area to
earn an income. They began by chopping up the
flip-flops to fill cushions, with children playing
with the discarded off-cuts, turning them into
boats and planes. From this a small toy industry
was born that has matured into a cottage industry
supplying beautiful and diverse products such as
beads, key rings and animal sculptures … and
now fashion and household accessories. It is hard
to believe that a simple flip-flop can be transformed from environmentally damaging waste
into eye-catching glamour using only human
creativity.
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Learning from successful craft industries in
Eastern Africa, UniquEco was born, a ‘sociallyresponsible entrepreneurship’ to produce and
market products that have a social and ecological
mark. UniquEco primarily works with recycled
flipflops from the beaches of East Africa, and has
expanded to recycle discarded and unwanted plastic bags, inner-tubing, canvas, garden mesh and
aluminium, the ‘flip-flop equivalents’ in Nairobi’s
busy towns.
In developing this concept, UniquEco has
learnt many valuable lessons about sustainable
conservation and how to make it work for local
people dependent on the environment:
-people better understand the concept of business than aid as it has a direct cause and effect
experience;
-people’s skill base and creativity are broadened
and fostered through direct action;
-training and outside ideas complement local
skills in areas such as product perfection, packaging and design;
-a separate marketing platform is critical to longterm success.
UniquEco now has a central workshop in Nairobi and also works with groups located in informal settlements in crowded city centres such as
with special needs children in Nairobi’s Kibera.
Families now have money to spend on education, healthcare and house-building, and women
are earning an income, helping to redress gender
inequalities. We hope that the ‘Flipflop’ wheel
continues to whirl – that of cleaning up the
world’s litter and providing opportunities to some
of the poorest communities and individuals to
improve their lives and the environment on which
they depend
Photography by Etienne and Lucy Oliff, Wildlife and
Educational Documentaries
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There is only very limited knowledge of alternative or
supplemental livelihood or income diversification
projects implemented in Thailand focusing on marine
dependent indigenous communities. This study
focuses on extracting lessons learned from past
livelihood projects in three Urak Lawoi indigenous
communities in Phuket Province, Thailand – Sapam,
Laem Tukkae, and Rawai villages.
The major
occupation of the villagers in the three communities is
small-scale fisheries. Although it involves hardship
and uncertainty, it is preferred by many, especially
men over 30 years of age, as it is self-employed, and
yields a considerable sum of money on “lucky” days.
However, the main challenge for the Urak Lawoi
nowadays is that fishing is increasingly limited due to
increasing fishing restrictions (protected areas, species
and equipment restrictions, etc.), rising cost of
equipment and diesel oil, and degrading marine
resources, and there are occupational hazards. Further,
fishers’ income fluctuates, and there is a risk of getting
trapped in a debt cycle.
Numerous projects focusing on providing
alternative or supplemental livelihood opportunities
and training for the Urak Lawoi have been carried out
over the years. However, most of these projects and

activities have been fruitless because many were shortterm activities; the trainings were done with little
market support; those who worked with the
communities did not know the strengths and
weaknesses or limitations of the villagers; and there
exists a deeply-root bias against the Urak Lawoi. There
has also been a lack of coordination and collaboration
among different agencies and organizations working
with the Urak Lawoi. Priority interventions for
community development and livelihoods improvement
should include increasing effort in understanding and
appreciating special characteristics of the Urak Lawoi
communities, coordinating and integrating work
among different agencies and organizations, providing
small-scale
long-term
alternative
occupational
activities while promoting markets for Urak Lawoi
food and crafts, and creating innovative methods in
working with the communities.

A9=?-B4@=A-9))))
The Urak Lawoi or the former sea nomads of the
Andaman Sea have lived by and from the sea for a
long time and are particularly dependent on coastal
and coral reef resources. Traditionally they collected
sea produce, including different species of shellfish,
sea cucumbers, lobsters, etc. However, they have

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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gradually transformed from marine hunter-gatherers
to artisan fishermen and have adopted more
sophisticated gears like boat engines, large fish traps,
fishnets, and diving with air supply from compressors
or hookah. This requires more investment, which has
led to indebtedness to middlemen or entrepreneurs. It
also puts them into a stronger competition with local
Thai fishers. The two differences between Urak Lawoi
fishers and local Thai fishers are that the former are
more engaged in hunting and gathering (shooting fish
and collecting shellfish and other sea animals) and
they are the only group in Thailand who use hookah
for professional deep-water fisheries.
Ensuring sustainable socio-economic wellbeing
while protecting the culture of the Urak Lawoi
communities is very important, and there have been
attempts, both by the state and private agencies, to
provide different forms of support for supplemental or
alternative
livelihoods.
Unfortunately
these
experiences were rarely documented or published, let
alone evaluated. This survey was conducted to review
alternative livelihood activities or projects conducted
by individuals, the private sector, government and
non-government agencies, to assess success or failure
of such activities and compile these as guidelines to
aid and support further livelihoods initiatives.

and culture and their occupations are diverse, ranging
from mangrove foragers and strand collectors to wage
workers and pararubber plantation owners. The Urak
Lawoi are the most populous group of sea people, they
have settled in large communities on islands and
coastal areas in Phuket, Krabi, and Satun Provinces.
The Urak Lawoi are an ethnic group who have
their own unique language and culture. The Urak
Lawoi are skillful swimmers, divers, navigators, and
gatherers. The name which they call themselves also
reflects the identity and ties with the sea and marine
resources (“Urak” means people and “Lawoi” means
sea). In the old days, they traveled and moved
frequently especially when there was an epidemic or
many deaths in the community. Nowadays the Urak
Lawoi have adopted a sedentary life.
Although the Urak Lawoi are old-time residents
along the Andaman Sea shore, they were not accepted
or welcome by the local people. In the past the term
“Chao Lay” was used as a derogatory term in several
parts of southwestern Thailand especially Phuket.
“Chao Lay” connotes negative characteristics like
dirtiness, uneducated, wasteful spending, etc and
stems from a lack of understanding of their traditional
culture and lifestyle. This is derived from deeply
rooted ethnocentric attitudes, which are constructed
out of stereotyping and creating “other-ness”. The
Urak Lawoi have admirable characteristics like
modesty, honesty, and willingness to do laborious
work, but these are rarely acknowledged by the larger
society. The Urak Lawoi’s physical appearance and
preference is singled out and looked down upon
without considering the whole cultural and
environmental context (Narumon 2003).
Most of the Urak Lawoi are embarrassed by this
“negative label” of “Chao Lay”, and they often feel
inferior to the local people. As a consequence, they
have been exploited by many, especially entrepreneurs.
Phuket tourism promotion and development has
resulted in the expansion of businesses and industry,
such as real estate and land development, and
beachside land has gained a dramatically higher value
and become a desirable “property”. The Urak Lawoi
have found that the land on which their forefathers
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Coastal areas and islands in the Andaman Sea have
been the home to “sea gypsies” or “sea people” (Chao
Lay in Thai language) for many centuries.
In
Thailand, there are 3 ethnic groups of sea people – the
Moken (population about 800), the Moklen
(population about 3,500), and the Urak Lawoi
(population about 5,500). The three groups are
Austronesian language speakers, but their culture and
traditions vary in detail. The Moken live on islands in
Ranong and Phang-nga Provinces and although they
have became more settled within the past 10 years,
traditional hunting-gathering activities and major
rituals are kept relatively intact. The Moklen have
long settled along the coastal areas in Phang-nga and
Phuket Provinces, they have adopted Thai language
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for their daily or weekly round, the women helped
with near shore fishing and collecting shellfish,
including
cooking
and
processing
food
(Wongbusarakum 2002). This division of labor
became even stronger after the Urak Lawoi became
more sedentary. Now only men go out to sea while
women wait at home, doing their house chores and
taking care of the younger family members.
At present, the Urak Lawoi no longer organize a
bagad. Those who go out to sea are adult men and the
fishing round is for commercial sale as well as for
household consumption. Instead of using their bare
hands, harpoon, hook and line, the Urak Lawoi now
use larger motorized boats with diverse and
sophisticated equipment.
One of the important
equipment is hookah - a compressor with a long air
hose connected to a diving mask. This enables them to
dive deeper and longer. Nevertheless, it poses a great
risk for divers and several men suffer from the bends,
or decompression sickness.
The Urak Lawoi also increasingly depend on
entrepreneurs or middlemen for their fishing
occupation. In the past, these middlemen were the
Chinese or Chinese-Thai who lived in or nearby the
Urak Lawoi communities. Later, a few Urak Lawoi
have saved up enough to become the middlemen
themselves. However, the majority do not earn
enough capital to buy their own boat, motor, and
fishing equipment all at once. They need to borrow
the money or get the equipment in advance, then pay
back in installments or deduct from their fisheries
earning. Furthermore, many Urak Lawoi need to
borrow for their daily household expenditure. Several
middlemen who supply gear as well as market the fish
caught by the Urak Lawoi also open grocery shops so
that money paid to the Urak Lawoi for marine catch
comes back to them through the sale of daily
necessities.
Some Urak Lawoi in a few communities have
enough land to cultivate vegetables, coconuts, cashew
nuts, and fruit trees. However, most communities
have limited land, and are often squeezed or
encroached by private ownership. The three Urak

subsisted and made a settlement has been claimed, and
they have been deprived of land rights and
entitlement.
Traditionally, the Urak Lawoi were marine huntergatherers. They dived for sea cucumber, shellfishes
and other sea animals to consume and to trade.
Traditional extraction of marine resources requires the
use of indigenous knowledge from navigation and tool
making to identifying habitats and characteristics of
each animal. Raw materials for building the boat and
house, for tools, medicine, and firewood are found in
the coastal forest. So the Urak Lawoi were
knowledgeable about the forest as much as the sea.
Boats are very important for the Urak Lawoi
because it is both a vehicle and tool for fisheries.
Traditional boats called “prahu” were used to travel to
different islands by oar or sail. More recently, they
have adopted “hua thong” or local-style fishing boat
with outboard motor or long-tailed engine. However,
the detailed features of traditional boats are still vivid
in the mind of elderly men and several of them make
traditional boats in miniature form.
In the past, during the dry season, the Urak Lawoi
traveled to different islands by boat. This traveling or
“bagad” might last from 1-3 days to several months
depending on island distance, weather, and the yield
of their catch. During the bagad, the Urak Lawoi
built small huts or lean-tos on the beach as their
temporary home. Generally, the entire family traveled
together to bagad sites which provided natural
protection against winds and waves, and with fresh
water source (Wongbusarakum 2002). During the
rainy season, the Urak Lawoi lived in a larger
settlement. They foraged in the forest frequently and
some groups even grew wild rice, such as on Lanta
Island. They used human labor instead of draft
animals.
The Urak Lawoi semi-nomadic lifestyle was an
immediate return system, meaning that they
consumed whatever they caught or gathered almost
right away. There was no need to preserve or stockpile
the food since they could depend on this day-to-day
subsistence. While Urak Lawoi men went out to sea
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This survey focused on the three Urak Lawoi
communities in Phuket Province (Fig. 1):

Sapam Village, Ko Kaew Sub-district, Muang
District. Sapam Village consists of 226 Urak Lawoi
living in 48 households (Data from Asian Resource
Foundation 2006). The village is located on a mud flat
with stilted houses connected by concrete walkways.
There is a small canal by the village where boats are
moored. This village used to be more open and
spacious, but now the surrounding land falls under
private ownership and the area is more populated.
The Urak Lawoi in Sapam earn their livelihood
through fisheries.
The mud flat has abundant
shellfish, so the main occupation is collecting and
selling cockles and other shellfish. Nowadays, several
sections of the mud flat are enclosed for raising
cockles, so the open area where the Urak Lawoi can
forage is even more limited. Besides, the area where
the village sacred shrine is situated is encroached by a
concrete structure, leaving only a small space for the
shrine.

Laem Tukkae Village, on Sireh island, Rasada Subdistrict, Muang District. There are 1,316 Urak Lawoi
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in 190 households in Laem Tukkae Village, with 666
males and 650 females (data from the District Office,
2005). Over 100 years ago, there was no community
on Sireh Island other than the Urak Lawoi
community. In 1983 private ownership of Laem
Tukkae land was claimed.
Some Urak Lawoi
informants stated that they were asked to give their
signature or fingerprint to “accept electricity”, but
were not aware of the details of the agreement. Later
on, they were asked to pay rent for their occupancy.
The Urak Lawoi filed a complaint to the Provincial
Office, but the issue has not been resolved. The
Phuket Provincial Office attempted to identify a new
plot of land for Urak Lawoi settlement, but it was
located in the inner part of Sireh Island, so the
villagers refused to move. The Urak Lawoi in Laem
Tukkae usually earn their livelihood through fisheries,
mainly by fish trapping and collecting/extracting rock
oysters.

Lawoi communities in Phuket do not have enough
land to do any small-scale cultivation. In addition,
the communities become more crowded and dense
because of population growth. In addition to fisheries
and cultivation in certain cases, some Urak Lawoi also
go out to find wage labor work like clearing land,
harvesting coconut, construction work, etc. In the
communities which are located in tourism areas, the
Urak Lawoi have more chance to work in hotels or
resorts – women work as maids, kitchen helpers, and
dish washers, and men work as security guards or
engaged in marine tourism businesses like working on
boats. These jobs bring steadier income (if they are
salary-based) and pose lesser health risk compare to
fisheries work. Nevertheless, many Urak Lawoi still
prefer fisheries because they have the knowledge and
skills and are self-employed.
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Rawai Village, Rawai Sub-district, Muang District.
The Urak Lawoi have made their residence here over
100 years, but the lands are under private ownership
of local Thai persons. As a result, the Urak Lawoi
residents are deprived of decent facilities, they cannot
refurbish or extend their houses. Of all the Urak
Lawoi communities in Thailand, this village is the
most densely populated. There are also shrimp farms,
a small fish-packing factory, and shell-processing
factory (washing, polishing, and supplying seashells
for local shops and export) in the village. On the
western side, there is a Moken community. There are
1,200 people in the village in 201 households, 595
males and 605 females (surveyed by Aporn Ukrit in
2003). The Urak Lawoi and the Moken in Rawai
engage in fisheries, fish sale, working on speedboats,
working for tour companies, hotels and resorts, and
wage other labor. The fact that the village is located
right on the main road to several tourist attractions
makes it an “open” community. Tourists and local
people often come the village to buy fresh seafood and
ornamental shells at the stalls in front of the village.
Reports, theses, and papers, as well as web-based
information about alternative occupation development
for the Urak Lawoi communities in Phuket
undertaken by individuals, organizations or state
agencies were reviewed. Most of the information on
such activities appeared only after the tsunami in
2004.
Field surveys were also conducted. These consisted
of interviewing representatives of over 10 state and
local administrative offices or agencies, as well as Urak
Lawoi from the target communities. Over 90 Urak
Lawoi males and females from 3 villages were
interviewed on occupation, experiences of additional
or alternative occupation training, attitudes towards
fisheries and the change of occupation, and aspiration
for the younger generations. 30 Urak Lawoi were
requested to give an in-depth interview on their past
experiences in earning a livelihood, occupational
training received, attitudes towards fisheries and
changing occupations, and aspirations for their family
and younger generations. Ten of these were with
Urak Lawoi who are or have been engaged in non-

fisheries occupations.
A community meeting was also held to discuss
preliminary findings and receive comments and
generate recommendations from Urak Lawoi
representatives, individuals and agencies who engaged
in developing livelihood options for the Urak Lawoi.
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Urak Lawoi hunting-gathering and fisheries are quite
distinctive in that they are diverse in terms of
methods, fishing and foraging grounds, labor, length,
and market. The research team found that most Urak
Lawoi villagers especially males over 30 years of age
have preference for fishing because it is the only
livelihood they have a distinctive advantage in being
good at. They felt that they did not have any
qualification or useful skills to compete in the job
market. The strengths or advantages stated for fishing
are:
!Self-employment: Fishing hours depend on the
tides, the weather, and the Urak Lawoi themselves.
Fishers do not have a boss or supervisor, so work
depends on one’s own free will. In addition, the
co-workers are those whom one already knows very
well - family members, kin, friends - so there is
rarely competition or conflict at work.
!"Good income: Fishers can earn a good income. A
lucky day may yield 1,000 baht (approx. U$ 50) or
more. Many Urak Lawoi men said they tried wage
labor and salary work, but the money earned is not
enough, as jobs are primarily menial tasks. For
them, although the income from fisheries is
irregular, it is generally better than other
occupations.
!"Already have the skills: Fisheries is the occupation
handed down for generations. The Urak Lawoi
have all the skills needed for fisheries, passed down
from parents to children, so the Urak Lawoi learn
to become expert divers and fishers.
!"No need for job applications: Most Urak Lawoi feel
that they get limited educational attainment so they
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do not have qualifications to apply for jobs other
than manual labor. They do not need to apply and
compete to fish.
!"Fishing can be done all year round and is
subsistence in nature: Although fisheries are quite
seasonal, most Urak Lawoi stated that it can be
carried out all year round, with some shift in areas
and methods, for example, shrimp netting can be
done during the rainy season and silver sillago
netting (“sand fish”, literal translation from Thai)
can be done during the dry season. Furthermore,
fisheries is a fall-back occupation, e.g. after the
tsunami when other jobs declined, several Urak
Lawoi came back to fisheries to earn their
livelihood, especially when supported by aid and
development organizations and foundations with
boats, engines and fishing equipment. Last but not
least, fishing is also a subsistence activity, meaning
that the Urak Lawoi can keep some of the catch
(usually with the lowest market value) for their
household consumption. This allows some money
to be saved as they do not have to buy fresh food in
the market.

Apart from state designated areas and tourist areas,
some local communities have started to declare their
own protected areas as well, like Yao Island where
local villagers prevent the Urak Lawoi from collecting
oysters and threaten that if the Urak Lawoi continue
to collect there, they will call the Sub-district
Administrative Organization staff to arrest them. As
the Urak Lawoi know little about laws, when they are
threatened with jail they give up claiming their rights
(Lertchai 2003). Many resorts drive the Urak Lawoi
away from waters around them even though the waters
are not formally protected (Sirirat 2006). With all
these factors, they can no longer access many areas
where their forefather roamed freely
The Urak Lawoi have increasingly been restrained
and deterred by these and other rules and regulations,
and increased enforcement by the government through
patrols. Arrests have become more frequent, often
including confiscation of the boat, motor, air
compressor (for hookah), and other property.
Additionally, they may also be forced to pay a penalty
fee or fine, and other expenses.
The Urak Lawoi also face occasional tampering
with their fish traps in ordinary fishing grounds like
Kiew Island, Dok Mai Island, and Kai Island, e.g. by
misinformed or ignorant recreational divers trying to
strengthen conservation. In some cases the Urak Lawoi
have been unable to stop such damage as their boats
are slower, and because they are peaceful people they
tend to avoid confrontation. The Urak Lawoi have
also been accused of using dynamite and cyanide
fishing so are seen in a very negative light by tourists
and divers. When giant clams were stolen from
protected area, the Urak Lawoi became an immediate
scapegoat even though the real theft might have been
from some other community.

B#1'",'&$'H*1)%2)G#13#&H)
There are also disadvantages to fishing. At present,
fishers face more and more limitations, and fisheries
rules and regulations seem to pose the greatest threat
for the Urak Lawoi, followed by the rise in the cost of
fishing, the degradation of marine resources,
middlemen and the risk of being trapped in a debt
cycle, uncertainty in catch and income, and health
risks/occupational hazards.

8'&.$/'+#*1)%+);+%$*.$*")!+*'1))
These have been designated and expanded. The Urak
Lawoi often said that in the old days they could make
an easy living from the sea and could travel and
anchor anywhere they liked. Nowadays their foraging
grounds are very limited because many areas have
become marine sanctuaries or protected areas, and as
such tourist havens that do not allow fishing. These
areas are likely to be further expanded in the future.

?#1#&H)@%1$)%2)G#13#&H)
The cost of fishing boats, engines, fishing equipment,
and diesel oil has been on the rise. Currently, a longtail boat with engine, second hand and in good
condition, is around 70,000 baht (approx. U$ 1,800),
26 rolls of shrimp nets and 23 rolls of fishnets cost
30,000 baht (approx. U$ 750). The cost of a fish trap
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is around 5,000 baht (U$ 125), or 2,000 baht (U$ 50)
for a smaller one, and each trap lasts an average of 3-4
months. Nowadays the Urak Lawoi have to build a
larger number of larger sized fish traps in order to
obtain the same amount of fish. Further, while
traditionally using simple tools and equipment made
by themselves, the Urak Lawoi nowadays have to buy
material, including building materials, as there is no
open forest for them to cut wood and bamboo to
make their fish traps.

earnings from fishing. This situation is similar to other
fishing communities, but the Urak Lawoi are in many
ways more disadvantaged and thus more exploited.
Therefore, although fishing can earn a relatively high
income, the threat of a debt cycle is strong.

4&.*+$'#&$K)'&")A++*H/('+)A&.%:*)
Catch varies with weather, season, and other factors,
and the rainy season poses a problem for fisheries.
This results in irregular income. For many Urak
Lawoi, however, this irregularity and uncertainty is
not the major problem. They can always work on
shore, mending fishnets, building fish traps, and
collecting shellfish at low tide. In other words, they
can spend their time with the maintenance of their
equipment and they can depend on fall-back resources
(shellfish and other sea animals) from strand areas.
Some Urak Lawoi assert that the yield during rainy
season is actually better than in the dry season.

B*H+'"'$#%&)%2)E'+#&*)?*1%/+.*1)
Most of the Urak Lawoi agree that marine resources
are declining. In earlier days they could catch more
fish in less time, and within a short distance from their
village. Nowadays they have to go further, but the
catch is less. Even rock oysters become smaller in size
and are more difficult to find compare to ten years
ago. The advantage is that nowadays seafood is much
more expensive than in the past, and many Urak
Lawoi prefer present days when seafood fetch higher
price though fishers are facing more hardship. The
Urak Lawoi think that resource degradation is caused
by large commercial trawlers, such as double trawlers,
which catch both large and small marine animals. In
addition, the coastal environment is increasingly
polluted due to discharge from the shore, from shrimp
farms, and oil spills. After the tsunami, the number of
fishing boats has also increased so the Urak Lawoi
need to fish at a greater distance from the shore, and
much more money has to be spent on diesel oil.

-../0'$#%&'()F'M'+"1)
Fisheries has its own occupational risk due to the
weather and sea conditions. For the Urak Lawoi,
there is an additional risk from diving due to the use
of hookah. In the three communities, there are Urak
Lawoi men who suffer from the bends - some are
paralyzed, or have lost their agility and strength, and
some have died.
Due to the above-mentioned limitations and
disadvantages of fishing, some Urak Lawoi find it
necessary to have additional or alternative occupation,
and some see the value in supporting their children’s
education to earn enough qualification for other work.
For many Urak Lawoi, however, the advantages of
fisheries outweigh the limitations.

=3*)D&$+*0+*&*/+#'()8K1$*:)'&")B*L$)
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In the past, the Urak Lawoi usually worked with
middlemen or entrepreneurs, because these were the
mediators between the community and the outside
world. This remains the case today, but increasingly
the Urak Lawoi depend on the middlemen in times of
need, particularly when money is needed e.g. to
purchase equipment, when they get arrested or have to
pay a fine, and when they are sick. The money
advanced is paid back, with interest, out of the

;'1$)8/00%+$)$%)$3*)4+'5)6'7%#)
Several agencies and organizations have extended
livelihood support to Urak Lawoi communities, but
data on these efforts were very difficult to find. At the
government office levels, it is not a tradition to keep
written or documentary records on activities done at
the village level. Furthermore, the rotation and
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The main obstacles in working with the Urak
Lawoi communities 10-20 years ago were language
and cultural differences, extreme conservative
attitudes, and limitations of formal education. More
recently, between two and ten years ago, the main
obstacle was that livelihood development did not quite
fulfill the villagers’ needs and expectations. Most
recently, during the past 2 years, the main obstacle has
been that many organizations come in to work with
the communities during post-tsunami period, but with
various conditions and demands and with little
coordination. Many villagers have taken this
opportunity to become passive recipients of help,
which makes the community development work even
more difficult.
Overall, occupational support for the Urak Lawoi
extended by various agencies and organizations has
largely not yielded satisfactory results – the villagers
did not cooperate well, their interest was short-lived,
the knowledge and skills were not practical or not
applied and materialized into sustainable occupation,
the villagers did not have capital nor necessary tools,
and there were problems with demand for products or
market access. In spite of some effort, the Urak Lawoi
remain dependent on marine resources. In analyzing
lessons learned from the past occupational support
projects, several external and internal factors were
identified that impede project success (Table 1). Due
to lack of systematic documentation, inefficient
assessment and evaluation, limited lessons learnt
analysis and sharing, and the fact that interventions
were primarily short-term, most past activities have
fallen short of villagers’ expectation as they could not
become a real “alternative” for the Urak Lawoi.

shifting of office staff and officers made it even more
difficult to trace those activities. At the community
level, some Urak Lawoi villagers could remember the
activities but they rarely remembered the names of
government offices, private agencies, or nongovernmental organizations, except those with longterm staff. Most of the information about livelihood
support available is from after the tsunami in 2004.
Livelihood support for Urak Lawoi men has included
boat motor repair, and making miniature boats as
souvenirs for tourists, and for women making batiks,
handicrafts from local materials, embroidering,
sewing, cooking and baking.
Support to fisheries livelihoods has focused on
sustainable fisheries like adjusting or shifting fishing
equipment and mariculture support. Mariculture is
quite suitable for the Urak Lawoi due to their existing
maritime skill. Nevertheless, it has some requirements
and limitations - It offers a delayed return compare to
fishing occupation; Capital investment is required for
cages, larvae or seeds, feed, etc.; Official permission is
needed for certain cage culture or farm enclosure; and
regular attention is needed against disease, theft, etc.
In the past, the Urak Lawoi were not interested in
mariculture because fishing and collecting activities
yielded satisfactory catch, and brought immediate
return, compared to the difficulties and delayed
returns of mariculture. However, after mariculture has
become a success elsewhere and fisheries become more
difficult, some Urak Lawoi turn their interest to
mariculture and some even invest their own money in
small mariculture activities.
Several Urak Lawoi men suggested that artificial
reefs should be developed increasingly to provide more
fishing sites and to enable the villagers to deploy their
fish nets and fish traps without having to encroach on
protected areas. In addition, such artificial reefs can
deter push-net boats and large trawlers from nearshore fishing. Governmental organizations like the
Department of Marine and Coastal Resources and
Department of Fisheries, provincial offices, and even
local communities have already participated in
creating artificial reefs in several parts of the Andaman
Sea and the Gulf of Thailand.

?D@-EED9B!=A-98))
In reviewing the history of support to the Urak Lawoi,
we identified two sets of recommendations to guide
future interventions. The first set of recommendations
addresses the approach and type of assistance, the
second identifies livelihood opportunities with greater
likelihood of success.
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Factor
Issue
Detail of issue
External
factors—
agencies and
organizations
providing
support

Activity –Time
Activity –Type
Staff

Work and indicators

Work and indicators are rigid in nature. y

Target group

There is no specification of target group

Coordination

Too many agencies or organizations, some with different conditions, too
little coordination
Ethnocentrism is deeply rooted and reflected in peoples attitudes and
behavior
Attitude and system of thinking about fisheries

Attitude
Internal
factors –
Urak Lawoi
and their
community

Activity or project is too short
Activity does not respond to the real need for or marketability of the
product or service
Staff have little experience with working with such a special community,
they do not understand villagers, culture and needs sufficiently. One is
not able to adapt or find innovative way to work with the communit

Lack of interest in
supplementary occupation
Planning for the future
Group-oriented and
self-organization

Villagers need immediate or short-term return
Lack of planning or vision of the future, traditionally a ‘day-to-day’
economy
Lack of self-organization
Lack of trust and confidence

!00+%'.3)'&")=K0*)%2)!11#1$'&.*)

should also disseminate
more accurate
information about the Urak Lawoi and create a
more balanced image of the communities.
!"Coordination among agencies/organizations and
integration of work is necessary. The need for
coordination has been raised repeatedly, but it is
hardly accomplished because coordination and
information exchange requires more time and
effort
than
ordinary
“reactive”
work.
Furthermore, it depends on the support of policy
-level officials staff and up to the attitude and
personality of the staff as well.
!"There is a need for better dialogue and
communication. Misunderstanding and bias
between the Urak Lawoi and divers or diving
companies can be transformed into opportunities
for the Urak Lawoi with better communication
and effective coordination. The Urak Lawoi are
knowledgeable and skillful sea people, but they

!"Serious attempts must be made to understand
and appreciate special characteristics of Urak
Lawoi communities, and getting rid of
ethnocentric bias and stereotyped images.
Community workers need to understand the
community through insiders’ views, which have
been shaped by being treated as inferior and
exploited by many. Positive attitudes towards
the community need to be built and affirmed. It
should be recognized that not all the individuals
in the community are the same and not all of
them are “anti-development”. Government
offices also need to overcome the social and
ethnic bias, and should act as a role model for
the local people. For example, if there is a strong
bias against food made by the Urak Lawoi, then
government offices could overthrow the bias by
ordering the food for meetings or banquets. They
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lack self-confidence and tourism related skills.
With the right approach the people who
occasionally have been labeled as marine resource
destroyers will turn into partner in conservation
and promote the sustainable use of resources.
!"Long-term and full-cycle projects are needed that
respond to the needs of the community, make
use of know-how, materials and equipment, and
ensure market access. Occupational support
should be carried out by staff well acquainted
with Urak Lawoi communities, their strengths
and limitations, and should give consideration to
“income” and “market” possibility. Occasional
and piecemeal support in various forms should
be dissuaded. Agencies/organizations providing
short and fruitless occasional training courses
have generally lost their credibility in the eyes of
the villagers.
!"Innovation and flexibility in livelihood
development work is needed, including regular
evaluations and assessments and analyzing lessons
learned. Projects with rigid work plans and
inflexible budgets are neither realistic nor
suitable for working with Urak Lawoi
communities. Non-governmental organizations
have many times been more successful in
working with Urak Lawoi communities than
government
offices,
because
while
the
government offices have to work with many
communities, non-government organizations can
focus their work on specific communities and
even tailor their work to suit each community.
In addition, government offices have to follow
bureaucratic procedures, so they cannot be
flexible or innovative in their work style. Some
projects or activities are determined from the top
down, and sometimes this has made it difficult
for operational level officers, who are not
required, requested or allowed to think and work
in a reformative or revolutionary way. This leads
to a lack of innovation and prevents adaptive
approaches.

From the survey on occupational support for the Urak
Lawoi, the research team found that possible
additional and alternative occupation support could
focus on handicrafts, tourism-related work, and
mariculture. While these are activities that have been
attempted before, they should be approached with the
above recommendations in mind to avoid limitations
and past mistakes. Particular attention should be made
to innovation and flexibility (avoiding rigid work
plans and budgets, and allowing for adjustment and
readjustment), continued commitment (long-term
support to the point of success), and dialogue
(horizontal communication, sharing experiences and
lessons learned).

F'&"#.+'2$1)
This is self-employed and suitable for work at home,
so for women, this work will not interrupt house
chores or taking care of children. Making miniature
prahu is a success story in terms of skill and product
output, and it is a suitable occupation for elderly men
and men with disabilities, but it is problematic in
terms of marketability. It is unfortunate that at a
world-renown tourist destination such as Phuket,
locally-made indigenous handicrafts do not have access
to the large and hugely profitable souvenir market.
The problem of marketing can be alleviated if there
is a strong coordination between communities,
government offices, and business organizations. There
should also be a small outlet at the communities. In
November, 2006, empty stalls in front of Laem
Tukkae were renovated and opened to sell souvenirs
made of shells. This will help with product
marketability, but it will require good public relations
and skill development support in order to sustain the
handicraft occupation. Specific recommendations
include:
!"identifying and assuring more market channels,
identifying enabling measures for more access
into the Phuket souvenir market;
!"developing more attractive product designs and more
product diversification, and skill improvement
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training and workshops for small groups;
!"developing attractive package designs for value
adding purposes, like paper boxes for existing
crafts, e.g., miniature boats;
!"providing a revolving fund for production by
individuals or small groups.

The “sea gypsy villages” of Rawai and Laem Tukkae
are already on several tourist maps distributed in
Phuket, and the name “sea gypsy” is an attraction in
itself. Several agencies/organizations have already
suggested tourism promotion in and around the
communities, and some even have plans for such
support. Sea-based tourism, handicrafts and cultural
tours are possibilities for income earning from
tourism. Promoting villagers’ participation in tourism
work opens up an opportunity for additional and
alternative occupations. Tourists will have a chance to
learn and understand more about the Urak Lawoi’s
way of life and their hardship. Tourists can have an
adventure with the Urak Lawoi: fishing, collecting
polychaetes, cracking oyster shells, etc. Income can
also be obtained from other products such as seashell
accessories and pandanus crafts, and services such as
tour guides, shuttle and charter boats, etc. With
proper management, tourism can benefit the Urak
Lawoi and make them proud of their language,
culture, and identity as sea people. The
recommendations for promoting tourism in and
around the communities are as follows:
!"setting up a community tourism plan with
community participation, designated tourist
areas, attractive sites in and around the
communities,
developing
community-based
tourism activities such as organizing a natureculture or ethnobotany trail;
!"collecting information about their way of life to
set up a culture and nature interpretive program,
including printing media such as pamphlet,
booklet, poster, map, culture-nature interpretive
guides, etc.;
!"training local guides and developing tourist
service skills, and developing guidelines or codes
of conduct for tourists so that they show respect
and courtesy towards local beliefs and customs;
!"preparing systematic management of tourist
services in the community such as setting up a
tour boat cooperative group, setting up a boat

=%/+#1:N+*('$*")O%+5)
For the Urak Lawoi communities, there are two ways
of promoting livelihood development in tourismrelated work: training and facilitating employment in
the tourism sector; and promoting tourism in and
around Urak Lawoi communities.
!
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Some Urak Lawoi are already engaged in tourism
occupations. Moreover, tourist places are expanding
nearby the villages, including a spa resort near the
Rawai community and a hotel resort near the Laem
Tukkae community. This can be an opportunity for
the Urak Lawoi if there is adequate preparation and
proper management. The Urak Lawoi are familiar
with the marine environment, and this is advantageous
for marine tourism work. Recommendations for
occupational support are as follows:
!"providing knowledge or skill training such as
communication skills, foreign language skills,
and water safety;
!"supporting applications for certificates or licenses
for career advancement;
!"preparing a list of Urak Lawoi who have passed a
training courses and show serious attention
toward an apprenticeship opportunity;
!"providing an opportunity for apprenticeship or
“learning by doing” under supervision. This
requires cooperation with and support from
tourist businesses. Work output should be
evaluated regularly and additional support
(advice, training, etc.) given when needed.
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queue, setting up water safety rules such as
providing life jackets, planning for tourist income
distribution and sharing within the communities;
!"promoting community-based tourism, following
up on output, analyzing lessons learned to
improve tourism activities in the future.
Identifying measures to prevent cultural
commoditization and negative impacts on the
communities.

As mentioned earlier, the Urak Lawoi have been
transformed from hunter-gatherers to traditional and
modern fishermen within the last 30-40 years. Now
they are dependent on boat motors and modern fishing
equipment. As a result, more investment is needed and
many Urak Lawoi are indebted to entrepreneurs. Their
traditional lifestyle is gradually fading. Yet there are
still a few Urak Lawoi who remain hunter-gatherers
and use traditional methods of fishing. Like the
Moken, the adept sea nomads, these Urak Lawoi are
sea people who know how to make and use simple
equipment and methods. The simpler the method is,
the more skill and knowledge hunters and gatherers
must have. If we talk about cultural rights, then this
way of life as hunter-gatherers should be appreciated,
respected, protected, and promoted. That means
sustainable hunting and gathering should be accepted
and possible allowed to some extent even in designated
protected areas. Therefore, it is proposed that in
addition to promoting additional and alternative
occupation, the protection and promotion of the
traditional hunting-gathering livelihood should also be
carried out . Not only would that be beneficial to the
natural resources and environment, but it will also
encourage the cultural pride and identity of indigenous
people like the Urak Lawoi.

E'+#./($/+*)
As indicated before, there are both pros and cons with
mariculture, one major challenge being the delayed
return on investment. However, some Urak Lawoi
have changed their attitudes towards fishing and have
even tried their hand on lobster keeping/raising.
Therefore, mariculture can be introduced by starting
with those who have some experience or have shown
interest in such an activity. Training and
apprenticeship in some mariculture farms is
recommended as the Urak Lawoi trainees can be
exposed to samples of best practices in mariculture
activities. During the first phase, other supplementary
occupation should be provided so that mariculture
keepers can earn some income while waiting for a
return from mariculture.
Apart from additional and alternative occupational
support, it is necessary to focus on peoples’ quality of
life. Recommendations for community development
related to livelihood support are to encourage savings
and future planning, to build awareness and
participation in natural conservation, to promote
educational development, and to enhance community
rights. In Urak Lawoi communities there are
disadvantaged individuals and families who need extra
help to enable them to be independent. This group
includes people with disabilities, widows and
widowers, elder people, orphans, etc.
It should be emphasized, however, that support for
additional and alternative occupations does not aim to
divert the Urak Lawoi entirely away from fishing
occupations, but rather to build their capabilities and
to enhance their opportunities for alternative
occupations.
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degradation of those resources. Indeed, ensuring
adequate and effective support to livelihoods
development remains one of the main challenges to
coral reef conservation. The process of generating
viable and sustainable livelihood strategies – for
whatever reason - is not straightforward for the people
whose livelihoods may need to change, nor for
agencies that try to assist them. It is a challenge that
requires both an understanding of the complexity of
livelihood change and also an approach that can
address this complexity in a systematic way.
This paper provides a brief overview of the Coral
Reef and Livelihoods Initiative (CORALI) and then
describes the evolution of knowledge about the
complexity of livelihood change that has underpinned
the development of an approach to supporting
Sustainable
Livelihood
Enhancement
and
Diversification (SLED). The paper then describes the
research process that has been designed to further
develop a SLED approach and presents some of the

Diversification of economic activities, at the
household and community levels, away from a high
dependence on the exploitation of natural resources, is
gradually being recognised by many governments and
development specialists as a path leading to greater
economic growth, as well as an indicator of it. In
terms of poverty reduction, diversification is seen both
as a coping strategy of the poor to deal with increasing
uncertainty in rural areas as a result of natural resource
degradation, increasing competition and the
encroachment of global influences; and as a
development strategy for enabling the poor to
graduate out of poverty (IMM et al. 2005).
In addition, government agencies and NGOs
concerned with the conservation of natural resources
are beginning to recognise the potential of livelihood
diversification as a mechanism to encourage people to
move away from the harmful exploitation and

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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Box 1: Principles for Identifying Opportunities for
Sustainable Livelihood Enhancement and Diversification (SLED)
Opportunities for Sustainable Livelihood Enhance-Be in harmony with existing household livelihood
ment and Diversification should:
strategies;
-Relate to the needs and aspirations of the poor;
-Be complementary to the strategies of other people
-Build on strengths;
in the community;
-Be viable (from economic, institutional and cultural
-Conform with national policies and legislation;
perspective);
-Enhance the independence of the poor;
-Be appropriate for the number of people concerned;
-Ensure the rights of the poor;
-Have acceptable (to the poor) levels of risk;
-Ideally enhance the innovative capacity, vision and
-Not increase vulnerability;
adaptability of the poor.

early findings from this process. Finally, a working
draft of the SLED approach is illustrated and
described.

dependent communities. Four key areas of research are
outlined below:
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Research in coastal communities of India, Sri Lanka
and Bangladesh2 analysed changes in the livelihoods of
the poor and how the poor and development agencies
have responded to those changes (IMM 2003a). This
research in particular emphasised how the ability of
poor people to respond to change was restricted,
because:
!" Poor people often do not have a voice in policy and
management decision-making processes, they are
therefore not able to shape the “enabling”
environment to support their own needs.
Development agencies often find it difficult, time
consuming and expensive to talk with poor people
and in many cases the poor people themselves lack
the confidence, ability or opportunities to
participate in detailed planning processes.
!" Poor people are often restricted in the options that
they have for changing their livelihoods. This lack
of choice can be a result of: the lack of livelihood
assets at their disposal; weak or limited service
provision from governments, civil society or the

!"# $%&'()*+%&,%-# *.'# ('/+*,0%).,1)# 2'*3''%#
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CORALI1 has been designed to address the challenge
of “ how to better support livelihood development as a

key part of a more holistic approach to coral reef
conservation”. CORALI is funded to operate between
2006 and 2007. It incorporates three elements: a) the
development of a regional skills and knowledge
network; b) the development of an improved approach
to socio-economic monitoring; and c) the further
development of a participatory approach to SLED in
coral reef dependent communities.

B-.#',3(-.0-;$/01#)0"&&.,$(-.$/01#)0"&&.$
%"(-;#$
Over the past two decades a significant body of
research knowledge relating to poverty and people’s
livelihoods has been produced. The research leading to
this knowledge has important implications for the
challenge of supporting livelihood change in coral reef

1

CORALI is a collaborative initiative between IUCN – The World Conservation Union, Coastal Ocean Research and Development in the Indian
Ocean (CORDIO), United Nations Environment Programme (UNEP) South Asia Cooperative Environment Programme (SACEP), International
Coral Reef Action Network (ICRAN) and IMM Ltd., as well as national and local organizations in South Asia and the Andaman Sea.
2
The Sustainable Coastal Livelihoods (SCL) research project was implemented by IMM Ltd. between 2000 and 2003 and was funded by the Department for International Development (DFID).
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private sector; the social trends and influences that
affect the environment in which they live and work;
and their vulnerability to new changes. As a result
the livelihood strategies that poor people adopt will
often be largely pre-determined by their
circumstances.
!" The impacts on poverty of service delivery
initiatives is highly dependent on the capacity of
different groups of people to take up those services.
Those able to access new services, or take
advantage of the changing circumstances they
create, can benefit from them; but those who, for
whatever reason, lack the capacity to adapt often
either miss out on potential benefits or, in some
cases, actually become worse off.
An important output of this research was the
development of an initial framework for supporting
Sustainable
Livelihood
Enhancement
and
Diversification (SLED) that started to systematically
address the complexity of livelihood change. A key
part of this framework was a series of principles for
identifying opportunities for helping poor people to
enhance or diversify their livelihoods (shown in Box
1).
#

8#9'+(%,%-#+20:*#*.'#,;1+4*)#0<#4.+%-'#,%#*.'#
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Research into changes affecting poor people in the
post-harvest fisheries sector in India3 documented the
consequences that the changes had for different
stakeholder groups (IMM 2003b). The research found
that:
!" The changes in the sector (fish supply, distribution
of fish, processing, marketing and consumption),
while driven by similar forces across the country,
affected different groups of people in different ways.
Understanding how different groups are able to
cope with change is a key part in helping them to
deal with change positively.

Research designed to assess the wider value of coral
reefs to vulnerable coastal communities in South Asia
and East Africa 4 - using a livelihoods approach generated important insights into the complexity of
the relationships between poor people and reefs (see
Whittingham et al. 2003), these included:
!" The ecosystem services provided by coral reefs are
diverse and include: supporting services to wider
ecosystems (e.g. fish breeding grounds); provisioning
services (e.g. nutrition and building materials);
regulating services (e.g. coastal protection); and
cultural services (e.g. recreation, spiritual and
education).
!" The stakeholders who affect and benefit from the
ecosystem services from coral reefs are diverse. They
include both groups who have a direct relationship
with coral reefs (such as reef fishers, fish processors,
reef
managers,
fish
consumers,
hoteliers,
international tourists, and people living in coastal
communities who receive shoreline protection) and
those who indirectly affect the reef (such as coastal
industries, farmers, foresters). Together with the
sheer diversity of stakeholder groups the
heterogeneity that exists within each sub-group of
stakeholders (e.g. income status, race, gender,
education, access to information, culture and
beliefs) adds to the complexity of any coral reef
management challenge.
!" Coral reef ecosystems can be a keystone resource
that is available at times when land-based
opportunities are few (e.g. in the agricultural low
season). When calculated in financial terms this
benefit may not amount to much, however at a
local-level, reefs may be of vital importance in terms
of local livelihood strategies, reducing vulnerability
to change and enhancing food security.
!" Well-meaning policies and management strategies
aimed at conserving threatened reefs and halting

3
The research project "Changing Fish Utilisation and its Impact on Poverty in India" was implemented by IMM Ltd. between 2000 and 2002 and
was funded by DFID.
4
The Reef Livelihoods Assessment (RLA) project was implemented by IMM Ltd between 2001 and 2002 and was funded by DFID.
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Box 2: Characteristics of a SLED approach
-Needs a systematic approach that recognises and
responds to complexity of people’s lives rather than
using predetermined strategies.
-Should help people to consider livelihood enhancement, diversification and alternatives.
-Needs to be addressed at macro, micro and mesolevels simultaneously – linking into wider development efforts.
-Requires a multi-disciplinary approach.

-Should build on the strengths of the poor.
-Needs to address the different factors that affect the
ability of people to take up livelihood change.
-Needs to be mainstreamed and appropriate institutions need to be built and supported over a long period of time.
-Needs to be done in a participatory way if the needs
of all different stakeholders are to be catered for.

reef degradation are often having an adverse impact
on poor people, particularly where the poor have
been excluded from decision-making processes.

better relationships that will facilitate sustainable
livelihoods for the people. Some of the key
characteristics of such an approach are described in
Box 2.
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In research which studied livelihood diversification in
coastal communities in Cambodia (IMM et al. 2005)
the Sustainable Livelihoods Framework was used to
categorise and describe the factors which support or
inhibit livelihood change 5. These included:
!" Factors relating to income diversification, for
example: access to credit, improving market
linkages, vocational skills, and identifying new
income generating opportunities.
!" Factors relating to wider livelihood strategies, for
example; access to health care, informal networks,
confidence, social and cultural norms, and property
rights.
Livelihood research in general, has confirmed the need
to “incorporate all the different factors which affect
the ability of people to identify, take up and sustain
livelihood changes. These factors need to be
understood and responded to systematically in ways
that recognise and respond to the complexities of poor
people’s lives rather than using predetermined
strategies” (Campbell et al. 2006). An approach is
required that can provide both people and service
providers with the opportunities to develop their
capacity, build confidence and ultimately to forge

In bringing the lessons of past livelihoods research
projects together a basic approach was built to provide
guidance for development practitioners whose task it is
to assist people to enhance and diversify their
livelihoods. The approach is designed to identify the
key elements of best practice that should be addressed
in the process of assisting livelihood change and
includes three broad sets of activities:
1. Discovery – Learning with reef-dependent people
and service providers about where they are now
and how they got there. Understanding the
changing relationships that people have with
natural resources. Helping people to appreciate
their strengths and potential for development.
2. Direction – Helping reef-dependent people and
service providers to analyse themselves and the
opportunities in the world around them, in order
to make informed choices about the desirability,
feasibility and profitability of livelihood change.
Working with people to build visions for livelihood
change and developing strategies with people to
achieve those visions.

5

The research aimed at “Understanding the Factors that Support or Inhibit Livelihood Diversification in Coastal Cambodia” was implemented by IMM
Ltd in 2005 and funded by DFID.
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3. Doing – Working with reef-dependent people to
develop their capacity to change and to develop the
relationships, provide the information and support
to help them make that change.
While this basic approach for SLED has a firm footing
in research and global experience, in order to develop
it into an accepted approach for facilitating livelihood
change, it needs to be fully tested at a local level, to: a)
provide more detailed field-level processes and tools;
b) generate evidence to confirm the validity and
generalizability of the approach; and c) provide
evidence to inform and influence managers and policy
makers
concerning
its
effectiveness
as
a
management approach.

that have contributed to the success or failure of these
initiatives is a key part of the SLED development
process. This activity consisted of two complementary
parts:
a. A Review of Global Experiences with
Livelihood Diversification (Campbell in press)..
The review of global experiences with livelihood
diversification considered the challenge from
four
perspectives:
rural
community
development; livelihood change as a tool to
address conflicts between livelihoods and
aquatic resource sustainability; promoting
entrepreneurship and success in enterprise
formation; and corporate enterprise staff
development and growth. Drawing from these
experiences the review, distilled the key lessons
for the process of supporting livelihood change,
described a number of key stages for a SLED
approach and developed a series of principles
for SLED.
b. South Asia Regional Overview of Experiences
with Livelihood Diversification (Sriskanthan in
press).. The review of livelihood enhancement
and diversification interventions in coastal
communities
in
South
Asia
(with
supplementary examples from South East Asia)
examined the successes and failures experienced
by these initiatives. The review used analytical
methods based on the Sustainable Livelihoods
Framework, focusing on common themes,
problems and lessons learned, and provided a
discussion of their implications for livelihood
enhancement and diversification in reef
dependent communities in South Asia.
The findings from the reviews were fed into the
process of further developing the SLED approach at
the SLED development workshops (see below).

$
F?!G5@C$
CORALI has adopted a people-centred and povertyfocused approach to working with people who depend
on coral reef resources for a key part of their
livelihoods. An objective of CORALI is to provide the
evidence and tools that can take the SLED approach
from its research base into an effective and accepted
field-level approach. To do this an action research 6
process has been designed to take lessons from past
experiences (global and regional) and use the local
knowledge and field-experiences of partners in the
region to further develop and field-test the SLED
approach. The two central components of the research
process are outlined below:

HI$*#10#A,$&+$?J=#'0#->#,$A03"$/01#)0"&&.$
@01#',0+0>(30&-K$$
A wealth of experience with livelihood development
initiatives exists globally and within South Asia. In
many cases that experience lies in a multitude of
initiatives across many sectors. The reviews focused on
the lessons learnt from those initiatives that were
united by their challenge to answer the basic question
of “how to understand and respond successfully to the
need for livelihood change”. Understanding the factors

LI$M0)&3$!#,30-;$3"#$C/?@$6=='&(>"$0-$3"#$$
N0#).K$$
The process of pilot-testing the SLED approach is

6
Action research has been defined as activities or interventions intended to achieve tangible development goals while at the same time increasing our understanding of how those goals can be achieved (Moris and Copestake 1993).!
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Country

Pilot Site
Andaman
Islands

India

Pilot Site Communities

Research Partner
The Andaman and Nicobar Environmental Team (ANET)
Karen Youth Association

Gulf of Mannar

Suganthi Devadason Marine Research Institute (SDMRI)
People’s Action for Development
(PAD)

Lakshadweep
Islands

Centre for Action Research on Environment, Science and Society
(CARESS)

Sri Lanka

Bar Reef

Maldives

Baa Atoll

Indonesia

Weh Island,
Aceh

Coastal Resource Management
Project (CRMP), Ministry of Fisheries and Aquatic Resources
Atoll Ecosystem-Based Conservation of Globally Significant Biological Diversity In the Maldives’
Baa Atoll Project (AEC Project) /
Ministry Of Environment, Energy
And Water, Maldives
Foundation of Eydhafushi Youth
Linkage (FEYLI)
Wildlife Conservation Society Indonesia
Yayasan PUGAR (Centre for People’s Movement and Advocacy)

being undertaken at six sites across South Asia and the
Andaman Sea (table 1 gives a list of sites and project
partners).
Over the course of ten months the field-teams will
meet for a series of three SLED development
workshops during which the teams reflect on past
experiences and then define their activities for the
pilot fieldwork. This process is summarised as follows:
Completed Research Elements (January 2007 –
July 2007)
!" SLED Development Workshop 1 – Introducing

Karen tribal communities in eight
villages.

Five villages in the Gulf of Mannar
area.
Integrating the activity into livelihoods work being carried out with
communities in Minicoy and reef
related socioeconomic monitoring
work being carried out in Agatti.
Two communities that have direct
links to the reef ecosystems of Bar
Reef Marine Sanctuary.

Community in Eydhafushi, who
are the major resource users of Dhigaliha MPA.

Communities around the no-take
MPA Taman Wisata Pulau Weh
Sabang.

the SLED approach and building the framework
and activity plan for site level implementation .
!" Fieldwork Phase 1 – Raising awareness about the
SLED approach; understanding the distribution of
ecosystem services; building relationships with the
community; gaining an understanding of
livelihoods and livelihood diversity; and
identifying community representative groups and
service providers in communities.
!" SLED Development Workshop 2 – Reviewing the
fieldwork process and outputs; considering the
376

findings of the global overview of experiences; and
developing the activity plan for the second phase
of field testing.
Ongoing and Future Research Elements (August 2007
– January 2008)
!" Fieldwork Phase 2 – The field-teams will
implement the second phase of the SLED
Approach
which
will
include:
scoping
opportunities; building visions with groups and
communities;
community
mobilisation;
identifying
opportunities
for
supporting
sustainable livelihood improvement activities; and
building linkages.
!" SLED Development Workshop 3 – The final of
the SLED development workshops will allow the
field-teams to reflect on the overall SLED
approach; develop training and guidance materials
for the first two phases and plan micro projects
aimed at facilitating livelihood change in the
communities.
!" Implement SLED Initiatives – Pilot teams will be
funded to: implement micro-projects that will
support livelihood change in the communities
where they are working; and link into broader
development processes that can provide continued
support.
To support the development and implementation
of the SLED approach, CORALI is building a regional
network of development practitioners who are
working with people in coastal communities to enable
them to adopt more sustainable and beneficial
livelihood strategies. The exchange of information,
experiences, and best practice between organisations is
facilitated by project staff and supported by a web site
(www.coraliweb.org). As the SLED approach further
develops, evidence to inform and influence policy and
facilitate the linkages between the development
practitioners and the environmental managers and
policy makers will be produced.

from the two key research components of the SLED
development process: the literature reviews of practical
experiences with facilitating livelihood change, and the
first phase of pilot fieldwork. A working draft of the
SLED approach is also presented to illustrate how
these experiences and lessons are being forged into a
field-level approach.

6=='&(>"#,$3&$/01#)0"&&.$@01#',0+0>(30&-K$
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A desk review of global experiences with implementing
livelihood diversification processes (Campbell in press)
demonstrated that in many communities livelihood
diversification is a common strategy (Gordon, 1999
and IMM et al., 2005) and some might even say it is
the norm (Barrett and Reardon, 2000). However,
there are many situations in society where people’s
livelihoods need to change and there have been many
different initiatives designed to facilitate this. Whilst
different approaches have been developed under
different circumstances, most of them are
fundamentally trying to achieve the same thing. They
are helping to understand livelihood change needs,
defining potential change options and facilitating the
change process. Some of the key elements of bestpractice, for the process of supporting livelihood
change, include:

$%&'()*+%&,%-#.03#1'01/'5)#/,6'/,.00&)#.+6'#
'60/6'&7##
People and their livelihoods are not a static situation
that has come from nowhere, they and their
livelihoods have evolved over time and those life
experiences can be strong predictors of their vocational
preference (Smart 1989). For example, many young
people follow their parents or their communities
traditional values systems and strategies for living. It is
therefore important to understand why people have
developed to where they are if we are to understand
where they are likely to end up and how we can
facilitate change.

*?CB/!C$%
This section synthesizes some of the lessons learnt
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Box 3: Key Stages in Supporting Livelihood Enhancement and Diversification
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
"#$!

Understanding the stakeholder groups and individuals.
Understanding peoples livelihoods and how they connect with wider society and the reef system.
Understanding which facets of these livelihoods mean the most to different people.
Developing a shared understanding of external change and its likely effect on livelihoods.
Understanding peoples aspirations and visions.
Understanding the opportunities for change.
Understanding the viability of potential options especially the market demand for the goods and services from opportunities.
Defining the obstacles to achieving visions.
Defining the principles and process of livelihood change.
Planning the livelihood change process.
Fostering a sense of community leadership, ownership and partnership for change.
Facilitating an enabling environment for livelihood change.
Facilitating the livelihood change.
Continuing livelihood development.
Monitoring and consolidating the livelihood change process.!

$%&'()*+%&,%-#3.+*#.'/1)#1'01/'#*0#&'4,&'#*0#
4.+%-'7#

change process must be to have identified a shared
understanding of the need for change.

The motivation to decide to change a livelihood
strategy, for example away from one which is
damaging the reef to one which is more sustainable, is
a complex process. Some people see an opportunity to
change their livelihoods and are drawn by it, others are
pushed by circumstances. In the case of the Jambi
Kiwa7 initiative in Ecuador, it was a combination of
the push of marginalisation and the pull of market
opportunity that drove the women to establish a
cooperative for medicinal and aromatic plants.

B.+(,%-#+#6,),0%#0<#*.'#<:*:('7##
As important as recognising the need for change is the
need to define where the change process will be
heading. Corporate change processes are very much
concerned with defining clear change goals. In an Asia
Development Bank (ADB) livelihoods development
project on the Tonle Sap, Cambodia, designed to
reduce fishing and other environmental pressures on
the lake, Appreciative Inquiry was used as a tool to
develop visions, based on strengths and past success, of
where livelihood change might lead. Developing and
sharing a vision of where a community wants to evolve
to helps provide community cohesion in the change
process.

A:,/&,%-#+#40%)'%):)#<0(#4.+%-'7#
Whilst managers of MPAs or other coastal
management areas may have identified the need to
reduce pressure on the resources the aim to conserve
may not be recognised by the resource users. For
example, intensive and unsustainable aquatic resource
use in the short-term to fund children’s education may
be seen, by fishermen, as a perfectly rational long-term
livelihood strategy. Therefore, a key part of any
7

$%&'()*+%&,%-#*.'#01*,0%)#<0(#4.+%-'7#
Often people do not change because they see no
prospects for change. Even when their livelihoods are
criminalised they may find it difficult to find

For more information on the Jamba Kiwa initiative see: www.jambikiwa.org
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alternatives. Part of the motivation for using “menu
approaches” is to provide lists of options for people
and this can be useful as one part of a more systematic
approach. Good examples of tools which help people
to vision ideas beyond their normal scope of
operations include the book “Save Na Mekim” (The
Melanesian Council of Churches, 1982) which
illustrated different rural livelihood activities, gave
instructions on how to take them up, illustrated key
stages or outputs, and discussed the benefits.

In the absence of a supportive institutional
environment emerging livelihood strategies will find it
difficult to survive and thrive. The Arab Regional
Centre for Entrepreneurship and Investment Training
(ARCEIT)8 project recognised the complexity of
factors which support or inhibit livelihood change
which affect different stakeholder groups in different
ways. ARCEIT has taken a multi-pronged approach:
supporting schools, providing counselling, conducting
research, running technical training, providing credit
and promoting the debate about entrepreneurship.
Helping to build this enabling environment is
essential to both the early survival of new enterprises
and livelihood change, and to their long-term growth
and profitability.
While none of the individual experiences analysed
by the review demonstrated a clear way forward,
collectively they began to provide a roadmap which
may be adapted for the purpose of facilitating
livelihood change in reef dependent communities. In
summary form, Box 3 sets out a series of key stages for
suppor tin g
l ivel iho od
en ha n cemen t
and
diversification.

#
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Research into coastal livelihoods in Cambodia (IMM
2005) demonstrated that providing people with a new
livelihood opportunity overcomes an existing problem
but does not necessarily give them the capacity to
innovate to face future challenges. Building skills to
help individuals and communities to innovate in the
face of future changes in their environment is key to
long-term survival and growth.

D+,),%-#+3+('%'))#,%#-06'(%;'%*#+%&#EFG)#
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Livelihood change requires both short-term support
for the change process but also long-term support for
continuing livelihood development. Civil society
organisations often play a key role in this process but
they cannot work alone. Haggblade et al. (2002)
recognised both the importance of the role of
government and NGOs in supporting livelihood
diversification and the weaknesses in the support. In
many cases support for enterprise development falls
between ministries and departments and gets missed
out of programmes. Specialist agencies, such as those
dealing with the coast or with reefs, rarely have the
skills to address livelihood issues. Raising awareness
amongst government and NGO workers about the
needs for livelihood change and the roles that they can
play is an important facet of success.

8
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Rural development responses to issues of coastal
livelihood security in South Asia have typically
focused on income generation and livelihood
diversification initiatives targeted at poor, resource
dependent
communities.
The
challenge
for
development practitioners is to develop an
understanding of the underlying factors at the local
level that contribute to the success and failure of these
initiatives, and how these lessons can be incorporated
into future project design and process management.
The South Asia review (Sriskanthan in press)
analysed a range of livelihood enhancement and
diversification project reports and reviews from across
the region in order to pinpoint the factors that

For further information on ARCEIT see http://www.arceit.org

379

contributed to their successes and failures. It was
found that these could be expressed under three broad
categories: (1) Project feasibility, design and process;
(2) Necessary livelihood assets; and (3) Influencing
factors. The key findings from the review are discussed
in more detail below.

maintain interest and motivation was also seen as
important.

8"#E'4'))+(C#/,6'/,.00&#+))'*)#
The success of an activity is related to how well the
intervention recognises and incorporates the
development of important livelihood assets. This
includes investing in human and social assets such as
building relevant skills, as well as recognising existing
assets (such as current education and experience) in
order to introduce activities that are appropriate to
these. The development of social networks was seen to
be crucial and the role of community groups, such as
self-help groups and CBOs, was highlighted as one of
the key factors that fostered success. The need to
provide adequate and accessible credit facilities was
expressed by many of the projects reviewed.
Sometimes, even if a project provides credit facilities
these may not be appropriate for the needs of poorer
stakeholders. For example, an ADB micro-credit
project targeting fishing communities in the south and
west of Sri Lanka opted to use existing credit institutes
to disburse larger-scale loans which many of the
project participants had insufficient collateral to
qualify for. The project would have been more
successful if it had invested in supporting smallerscale, grassroots credit facilities that would have been
more accessible to poorer members of the community
(Perera, 2004). In addition to this, supporting the
development of or access to more general physical
assets, such as schools and health clinics, appeared to
be very influential in a number of cases.

!"#H(0I'4*#<'+),2,/,*CJ#&'),-%#+%&#1(04'))##
This refers to the basic principles and thinking
underpinning the design and implementation of
livelihood
enhancement
and
diversification
interventions. This stage of project development
contains some crucial steps that can be separated into
three thematic areas:

(i) Project feasibility – Ensuring the basic
economic, cultural and social feasibility of an activity
through market analysis and community consultation
is a basic necessity for any proposed project. Many
projects still fail to invest in this, opting to take the
"menu of options" approach to selecting livelihoods
activities, which often leads to inappropriate or
untenable activities being promoted.

(ii) Project design – The recurring themes related
to project design included ensuring full community
participation in the design process to foster ownership,
as well as to fully understand and reflect community
priorities; the development of strong monitoring
systems to track and understand progress; and the
need to build in project features that support the
future sustainability of actions beyond limited projectbudget lifetimes. Projects that embraced these
principles of project design were more successful in
the long run and experienced sustained results.

>"#K%</:'%4,%-#<+4*0()##
There are a wide range of external influencing factors
that have a significant effect on the livelihoods of
coastal communities. Numerous examples from the
literature surveyed cited the strong impact of social,
cultural and political factors, and projects have to
incorporate these realities into their approach. In
many of the prevailing cultures across South Asia,
social divisions are strictly observed and this has huge
ramifications in terms of livelihood options. One

(iii) Project process – Some of the main tenets of a
good process were found to be ensuring a participatory
approach and emphasising community mobilisation.
Many projects expressed the need to link into broader
development and government processes, which feeds
into the concern of improving future sustainability.
Managing community expectations in order to
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study of livelihood diversification in Andhra Pradesh
found that caste and political patronage were the two
most influential factors that determined an
individual's opportunities for diversification and
improved material well-being (Farrington et al . 2002).
Cases surveyed under this review reflected elements of
this. For example, the perception that certain
livelihood activities are appropriate only to individuals
of a low social status was seen to hinder the uptake of
supported activities in a coir rope making project in
Sri Lanka (Perera, 2004). Cultural barriers to
assuming non-traditional livelihood activities were also
evident, and there is a need to recognise the links
between livelihoods and identity. Political interference
was found to be responsible for inappropriate

participant selection in a number of the cases studied
under this review, supporting the notion that
patronage from influential groups can have a huge
bearing on people's options. Positive influences
included the involvement of the private sector, the
presence of strong, well functioning NGOs and
CBOs, strong government support, and access to
markets. Inadequate or poorly enforced legislation and
policies that fail to create disincentives to abandon
destructive or unsustainable activities can undermine
efforts to encourage alternatives. Other issues to
consider are natural, political or economic shocks that
can have a far reaching impact on social and economic
systems.
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Minicoy island has a history of segregating people with incurable illnesses. In the past people who had small pox were
housed in Viringlii island (also known as small pox island on old maps), while people with leprosy were made to live on the
northern end of the island which is even today known as Kodi – leper. Discussions with self-help group members on Minicoy revealed that communicable illness still is a common cause for dismissing a member from a group. Today HIV/AIDS
affected people in Minicoy feel restricted because no one wants them on their team or to use their services.
An interview with an HIV positive man revealed that he faces discrimination. He is well educated and wants to pursue a
career, but no one will employ him. He still hasn't lost heart and is seeking help from the island administration to support
him and others like him with some livelihood options. He is currently planning to set up an internet café – a venture that he
can pursue alone. In his case, while the illness inhibits him from working for other people, his family connections and social
status ensure that he can get the best help available, both in terms of ongoing health treatment and support to establish a
business alone.

(CARESS 2007)

C/?@$N0#).A&'P$?J=#'0#->#,$$

– is a far more proactive and inspiring starting
point for initiating livelihood change;
!" Working with and communicating with the
very poor poses difficult challenges and the
field teams emphasised the need to invest time
in engaging with very poor groups. The fieldteams recognised the need to use innovative
facilitation methods and show patience and
understanding if they are to support very poor
people to appreciate their strengths and
potential and build their confidence to engage
in the SLED process;
!"
Income should not be the sole consideration
when identifying opportunities for income
generation. Although it is a useful indicator
that can assist the field teams to understand
people's economic incentives for change on a
limited level, it can also detract from the fact
that people's decision making and livelihood
strategies are based on far broader
considerations;
!"
Individuals who have the potential to lead the
SLED process in the community may not be
those who hold the formal positions of
authority or power. Development initiatives
have traditionally focused on strengthening the

Findings from the first phase of fieldwork were
presented at the second SLED workshop in June 2007.
During this phase the field-teams undertook the
activities for the first phase of the SLED process (Fig.
1), which included using a range of qualitative
investigative methods to build up their understanding
of people’s livelihoods and the diversity of livelihoods
in the pilot communities. Once such method, involved
the collection of stories from members of the
community as a way of exploring the evolution of
people’s livelihoods and the factors that had helped or
inhibited them in the process of change. An example
of a story is given in Box 4, and a series of pictures
from the fieldwork are shown in plates 1-4. (Full
fieldwork reports are available on www.coraliweb.org).
Some of the broad conclusions and lessons learned
from the fieldwork are outlined below:
!" The common point of reference for
communities when they are providing
information on the nature of their livelihoods
to development agencies has traditionally been
to emphasise what they don't have, what they
don't do and what they need. The field-teams
noted that the approach of focusing on people's
strengths and potential – as advocated in SLED
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formal institutions and positions within
communities. However,
the
field-teams
recognised that people who have had success in
their lives or who are very motivated and
enthusiastic for change may also be very
powerful advocates for the SLED process;
By working with individuals, groups and then,
ultimately, the broader community, the fieldteams found that it was possible to achieve
consensus between groups and the community

as a whole. This type of consensus over the
need for change and the direction of that
change will be a key driving force behind
people's ownership and commitment to the
SLED process.
A full analysis of the fieldwork experiences and
their implications for the SLED approach is included
in the report of the CORALI-SLED development
workshop 2 (Cattermoul et al. 2007).
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guidance documents for development practitioners
will also be developed as part of CORALI.

The SLED approach that has emerged from the past
livelihoods research experiences and the CORALI
process is people-centred. This may sound obvious,
but many development activities in the past have
tended to focus on technologies, resources, sectors,
institutions, production, markets or particular sets of
issues in such a way that the “people” involved have
often been forgotten. By contrast, the SLED approach
places people firmly at the centre of attention. It
insists that all development must begin by: a) looking
at people – as individuals, households, groups and
communities; b) by understanding their capacities and
potential (and not just their problems); and c) by
working as partners to achieve common goals.
The approach builds on the three areas of SLED
activities (Discovery, Direction and Doing), each of
which has been broken down into a series of fieldwork
components. The components are placed in a
framework that demonstrates the stage of a project
where they would be initiated (Fig. 1).
The three main SLED activity groups (Discovery,
Direction and Doing) feature throughout the SLED
process. For example, at the early stages of SLED the
field teams will focus mostly on discovery activities
such as building up their understanding of the
relationships that different groups of people have with
the coral reef. However, the process of doing this
should help those people to analyse how changes in
the reef have affected their livelihoods – and so may
contribute to their appreciation of the need for change
in their livelihoods. Likewise, fieldwork that is
conducted effectively should help the team to build up
their relationships with the community and involving
other service providers and government authorities
will begin to build the lines of communication and
support that will be required to enable the process of
livelihood change.
The process of building this framework is iterative
and as lessons emerge from the second stage of SLED
fieldwork (implemented between July and October
2007) the framework will be amended. A set of
principles for implementing SLED and a series of
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The process of implementing SLED involves a longterm commitment to community development. The
first two phases of the process constitute the work that
is required to initiate livelihood change in the shortterm. Under CORALI it has been feasible to work
with certain groups in the communities through these
two phases, and this process is producing supportive
evidence and valuable lessons relating to the positive
impacts of the SLED approach. The third phase of the
SLED approach is concerned with providing the
services that will support livelihood change in the
long-term. While the field-teams will have an
opportunity to initiate a series of micro-projects to
support livelihood change these will clearly not be
sufficient either in scale or longevity to provide the
scope of support services that will be required to
facilitate long-term livelihood change. Throughout the
second phase of field-testing the teams are working to
develop linkages with wider development processes so
that they may be able to extend their work on SLED
both within the communities where they have been
established and beyond the ten months of CORALI
funding. For example, the SLED work that has been
undertaken in Sri Lanka will be linked into the work
programme of the ongoing ADB Coastal Resource
Management Project.
The SLED approach has evolved over the course of
the last five years and will continue to evolve as the
experiences with implementing it build up. It is
important that this process is supported by a longterm initiative, such as CORALI, that can both:
facilitate the transfer of skills and knowledge relating
to the application of the approach; and continue to
inform and influence policy-makers on the value and
potential of the SLED approach as a tool for
supporting livelihood development as key part of a
more holistic approach to coral reef conservation.
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Growing coastal populations, destructive fishing
activities, increasing use of modern fishing crafts and
gears and coastal development have already caused
considerable damage to a significant part of the coral
reef areas in the Gulf of Mannar. It is clear that this to
a large extent has been caused by a lack of awareness
about the fragility of natural ecosystems among local
communities, as well as a shortage of livelihood
options. This must be addressed as a central issue in
conservation and management initiatives. Activities
focusing on viable alternative and additional
livelihood options, such as aquaculture, valueaddition, exploitation of previously under-utilized
resources, and related awareness raising and education
were implemented in villages along the Gulf of
Mannar coast. Methods and impact are briefly
presented and reviewed herein.
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Coral reefs are an important economic resource world
wide, but are now suffering from widespread decline
due to over-exploitation and damage inflicted by the

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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an important role in maintaining the home and
family, and it is believed that women are reliable and
more likely to pay back borrowed funds, making it
easier to sustain microfinance programmes with their
involvement. In view of this the Government also
encourages SHGs in order to promote development
among women. SHGs encourage and help women to
save money, enabling them to use available funds for
development or particular needs. SHGs lend money to
members, e.g. to help households purchase fishing
materials and other equipment that can increase
household income, for family functions and children’s
education. This way people can avoid borrowing from
moneylenders at high interest rates, which has been
found to be one reason for the continued low
economic status of households in the area. Each SHG
consists of a president, secretary, treasurer and 17
members. The number of groups per village varies
depending on the population of the village. A
coordinator meets all SHGs in each village once per
month, to assess progress and coordinate activities.

growing populations that utilize them (Pearson, 1981;
Connell, 1997; Jackson, 1997). The Gulf of Mannar
(GoM), one of the four major reef ecosystems in
India, is no exception. Ever-increasing populations
and economic and industrial growth adds pressure on
coastal resources (Meenakumari, 2005). Over 50,000
people depend on the fishery resources of this reef area
for food and livelihood (Patterson et al., 2007), and
consequently large areas of reefs in the Gulf of Mannar
are disturbed (e.g. Patterson et al., 2007; Patterson
Edward et al, this volume). The main challenge the
fishery now faces is to balance the needs for resource
conservation with the needs of local people, for longterm sustainable management of the ecosystem
(Shanthini et al., 2002). It is also clear that resource
users, who have a great stake in sustaining their
resource base, must be actively involved in this process
(Pomeroy et al., 1996).
To address this SDMRI has carried out various
pilot activities, research and training programmes, in
collaboration with and supported by the Government
of India, the Government of Tamil Nadu and the
Coastal Ocean Research and Development in the
Indian Ocean (CORDIO) programme. The aims of
these activities have been manifold, including creation
of awareness among stakeholders about the value of
corals and associated resources and need for
conservation; capacity building on viable alternate
livelihood options among natural resource dependent
coastal people in order to reduce the pressure on the
ecosystem; sustainable utilization of natural resources;
encouraging
community-based
conservation
mechanism; and promoting effective but friendly
enforcement strategies through education and
training.. This paper describes some of the approaches
used and synthesizes key results and lessons learned
from five years of community-based awareness
creation and livelihoods enhancement.
Throughout, much focus was placed on women in
fishing communities, particularly through Self Help
Groups (SHGs). The SHGs, established in all coastal
villages, play a major role in generation and wise use
of financial resources. In Indian culture, women play
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The lack of knowledge among fisher folk about coastal
ecosystems, their ecology and productivity, makes
them insensitive to the fragile balance in the
ecosystem, and unknowingly they are using destructive
fishing methods to save time and effort (Patterson et
al., 2002). A survey conducted during 2001 studying
the knowledge among fisher folk about the ecological
significance of coral reefs, found that awareness was
very poor. Twenty nine percent of the men and only
3.1% of the women on the Tuticorin coast were aware
of the ecological importance of corals for providing
products and services (Patterson et al, 2002). To
address this, a series of awareness programmes, were
conducted, primarily targeting fisher women in view
of their comparatively low awareness, but also since
they are in a position to influence both active male
fishers and children within their households. Several
local-level training programmes and workshops were
conducted, providing basic but up-to-date information
about resources and ecosystem status and trends,
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identification particularly of economically important
or threatened species, community based conservation,
coral reef conservation rules and regulations, as well as
enforcement mechanisms. The process also served to
exchange ideas and experiences among the
stakeholders, particularly on traditional management
systems, their success and shortcomings. The
awareness programmes were particularly targeted
towards families that were involved actively in
removing live and dead corals from the islands for
burning lime and for construction materials, covering
topics such as the ill effects of coral quarrying, the loss
of habitat for many fin and shellfishes, as well as
erosion and the loss of natural barriers that can protect
from waves and natural disasters.
A survey in 2004 indicated there was considerable
improvement in the awareness level among the fisher
folk (Patterson et al., 2005), and in the aftermath of
the 2004 Indian Ocean Tsunami there was a
tremendous change in peoples’ attitudes. Most people
felt that coral reefs saved coastal communities from
the tsunami, villagers on the Tuticorin coast
voluntarily stopped coral mining and dynamite fishing
completely stopped in Thirespuram village. In the
Gulf of Mannar, women in fishing communities
turned out to be the most effective educators of
working male family members, e.g. in promoting
fishing methods that do not cause damage to the
environment. They are also able to inform a larger
constituency through Self Help Groups about
conservation and resource management that can
sustain livelihoods for future generations. It was also
clear that carrying out educational and awareness
activities in the local language increases the impact
and success rate. Further, it was found that although
India has all the necessary rules and regulations for
protecting coral reef ecosystems, in most cases the
primary stakeholders, i.e. villagers and natural resource
users, as well as to some extent the implementing
authorities, were not fully aware of these. Most
importantly greater awareness among the coastal
population is needed, as well as greater participation
in the formulation and implementation of such
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regulations. Environmental education should be a lifelong process for all sections of the population (Vijaya
et al., 2005).
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In view of the high dependence on coral reef resources
in the Gulf of Mannar, the concept of livelihood
enhancement becomes very important for resource
management and conservation of biodiversity. It seems
clear that in a context such as that of the Gulf of
Mannar, conservation programmes can be successful
only if they also address the plight of the local
populations, assisting them to develop suitable and
viable alternate or supplemental livelihoods.
Through implementation of livelihood pilot
projects on the Tuticorin and Vembar coasts of the
Gulf of Mannar, SDMRI seeks to train and empower
women (through SHGs) and men to earn additional
income while reducing dependence on reef resources.
This promotes conservation and sustainable resource
use while actually increasing household income and
enhancing socio-economic status. Experience has
shown that e.g. crab and lobster fattening,
development of value added products, cephalopod
culture, and vermi-compositing are some of the
alternate livelihood schemes that are viable (Patterson,
2003; Patterson et al., 2005; DST Project Report,
2006). These are described in more detail below.
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Among crustaceans, the crabs and lobsters are
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increasingly common and considered a viable alternate
livelihood that can provide additional income for
fishers. Based on the successes in Gulf of Mannar,
other coastal areas in Tamil Nadu, including
Pudukottai District, have also implemented similar
fattening schemes.

particularly valuable resources supporting an
important fishery in the Gulf of Mannar. The daily
catch of this fishery includes molted crabs (e.g. mud
crab, Scylla serrata and blue swimming crab, Portunus
pelagicus) as well as molted and under-sized lobsters
( Panulirus homarus. P. polyphagus and P. versicolor).
Molted crustaceans have recently shed their carapace,
and the new carapace remains very soft. These are
locally called “water crabs” or “water lobsters”, and as
they do not fetch a high price in the market are
usually discarded or sold for a low price. Culturing
these crabs and lobsters until the carapace hardens and
a normal market value can be obtained is called
fattening. Crabs and lobsters are landed throughout
the year in the Gulf of Mannar, including a lot of
molted individuals, on average 7-10% of mud and
blue swimming crabs and 8-10% of lobsters.
Fattening of the mud crab takes 21 to 24 days,
while the swimming crabs’ carapace hardens within 7
to 9 days. For lobsters the process takes about 25-30
days. Growing out under-sized lobsters requires 3-4
months.. The crab and lobster fattening utilizes catch
that would otherwise have been discarded dead, and
provides an additional income of between Rs.1000 to
1500 per person involved per month. Under-sized
lobster constitutes about 2-4% of the total catch.
Though it is not a good practice to collect under-sized
lobster, these are caught during regular fishing with
small meshed gears, and fattening was suggested to
increase their value. At the same time fisher folk were
advised not to collect juvenile lobster and informed
about the pitfalls and implications for the
sustainability of the fishery.
SDMRI trained over 300 fisher women and men in
crab and lobster fattening in Tuticorin and Pudukottai
Districts respectively. The District Administration
provided all infrastructure and facilities for the
fattening unit for women SHGs in Tuticorin District.
Similarly, in Pudukottai District, the District
Administration provided financial assistance to women
SHGs to set up fattening units. As it is relatively
simple, many of those trained remain actively involved
in this venture, and crab and lobster fattening is
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The Gulf of Mannar has numerous mollusk resource
species, and gastropods such as Chicoreus ramosus,
Pleuroploca trapezium, Lambis lambis etc., have
traditionally been harvested for the beautiful shell and
expensive operculum. Nowadays, skin diving for
mollusks has reduced considerably, and most of the
landings are by-catch from the finfish and shellfish
fisheries, and shells are mainly used for ornamental
purposes and in the lime industry. Although delicious
and rich in nutrients, utilization of gastropod meat has
been very limited, mainly due to conservative food
habits among coastal dwellers and lack of knowledge
of the potential of gastropods as a food source.
Consequently enormous quantities of potentially
valuable, protein-rich mollusk meat was earlier
discarded or sold for a low price. In order to make use
of this available resource, value addition was
suggested, whereby additional income to fisher
households is generated by increasing the value of
harvested mollusks through processing.
Through SHGs, fisher women were trained in the
development of several value added products, such as
pickles, soup powder, chutney powder, smoked
products and wafers. Over 250 fisher women have
been trained so far. Meat of gastropods is now
regularly consumed by villagers, and fisher women can
earn a minimum of Rs.1000 per month by selling the
processed products in their villages and at local
markets. The activity has been highly successful in
utilizing an available by-catch that would otherwise
have been discarded for improving nutrition and
income.
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At all fish landing centers in the Gulf of Mannar,
cephalopod eggs are found in the by-catch throughout
the year, indicating that the cephalopods breed
continually. Two species of cephalopod eggs are
common, namely the big fin squid (Sepioteuthis
lessoniana), and Pharaoh’s cuttlefish (Sepia
pharaonis), while eggs of the spineless cuttlefish
(Sepiella inermis) are less commonly found although
they occur in small quantities. Large quantities of eggs
from trawl nets are discarded without any use on a
daily basis. To find ways to utilize this potential but
wasted resource, SDMRI through a Govt. of India
research project, standardized techniques for culturing
cephalopod eggs collected from trawl nets to juvenile
and adult stages.
The cephalopod culturing trial involved simple
technology and included the following steps:
collection and identification of eggs, transportation,
incubation, embryonic (intracapsular) development,
maintenance of the hatchlings and juveniles and
adults, feeding, behavioral and growth studies and
disease management. Eggs were collected from
fishermen or where they had been abandoned on the
shore and immediately transported to the culture lab
in a container with continuously aerated seawater. The
eggs were carefully acclimatized to the lab water
temperature for about 1 hour, after which they were

rinsed with filtered seawater in order to remove any
adhered dirt. The eggs were then dipped in a mild
solution of Oxytetracycline antibiotic (2 mg / 500 ml)
for a couple of minutes, and egg capsules were
removed from the clusters using clean scissors, in
order to prevent infections or microbial growth on the
egg stalks, which are tied together during the time of
egg laying. During incubation eggs were kept in
perforated plastic baskets in one cubic meter seawater
tanks, with an 80% daily water exchange. The bottom
and sides of the tanks were scrubbed daily and any
accumulated dirt was siphoned out. Eggs were turned
once per day to prevent fungal infection, and eggs
with dead embryos were discarded. Detailed culture
techniques, including infrastructure, feed, and
problems are explained in the DST Project Report
(2006).
Growth of embryos over time was observed. The
incubation period was found to be different for the
three cephalopod species: 21±2 days in S. pharaonis,
15±2 days in S. inermis and 17±2 days in S.
lessoniana. Cephalopods grow very fast and as a result
they require large quantities of feed, initially live feed
and later dead fish. Prior to undertaking large-scale
culture, feed availability must be thoroughly
investigated. Without sufficient feeding the animals
can show cannibalistic behavior. Some cephalopods,
mainly squids, show schooling within about 20 days
after hatching. If separated from the school their
behavior becomes erratic, and so cephalopods should
be raised in groups rather than individually. Similarly,
keeping cephalopods in small tanks appears to stress
the animals. During mating, male cephalopods may
engage in mock battles for access to females, which
damages their epithelium leading to mortality. At such
times, the males and females could be segregated. As
cephalopods are in high demand particularly for the
export market, cephalopod culture could be a viable
additional income-generating activity for local people.
In the domestic market, S. pharaonis fetch a market
price of Rs. 100/kg, while S. lessoniana Rs. 110/kg.
and S. inermis Rs. 20-40/kg. Cephalopod culturing
techniques have been disseminated to local fisher folk

391

a 5 cm layer of broken bricks or pebbles are spread at
the bottom, covered by a thick layer of sand as this
helps drain excess water. A layer of soil is spread on
top of the sand, moisturized, and inoculated with
locally collected earthworms. Small lumps of cow
dung are placed over the soil and covered with bio
wastes such as dry leaves. The pit is then filled with
alternating layers of cow dung and bio waste, and
water added until the pit is moist throughout, but not
wet. The pit is kept covered with coconut or palmyrah
leaves to prevent birds from feeding on the worms.
Once per week the content of the pit is turned for
uniform conversion. As the compost is getting ready
the content turns into a soft, spongy, sweet smelling,
dark brown compost. The appearance of juvenile
earthworms by this time is a healthy sign. After 60
days no additional water is added, which compels the
worms to move into the vermi bed, which facilitates
harvesting of the compost without damage to the
worms. The harvested compost is placed as a heap on
solid ground and in the shade, facilitating any worms
still present in the compost to move to the lower layer
from where they can be recovered and transferred to a
new composting pit.
SDMRI has trained over 300 fisher women from
coastal villages in Tuticorin coast in vermicomposting, many of whom are keeping composts in
their backyards and generating additional income
through selling the product locally. A vermincomposting pit owner earns about Rs. 1500 to 2000
per crop.
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in order start small-scale cephalopod cultures using
discarded eggs from the by-catch, and SDMRI has
trained 19 local fisher folk on a trial-basis. While this
can provide an opportunity to utilize a so-far wasted
resource in a useful manner to increase income, it
could also extend to replenishment of natural stock
and supporting management and conservation.
However, further pilot trials are needed before the
activity can be scaled up.
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The role of earthworms in the breakdown of organic
debris and in the soil turnover process was first
highlighted by Darwin (1881). Vermi-composting is a
simple and eco-friendly method of converting diverse
biodegradable wastes from e.g. household and
livestock into biofertilizer using earthworms. The
vermin-compost contains all major and micro
nutrients, humus and organic matter, which are
essential for plant growth and soil health, making it
highly useful for soil enrichment. The process does
not require sophisticated instruments and involves
relatively little work, and it can provide additional
income to rural women, unemployed youth and school
children (Balamurugan and Patterson, 2005).
A pit approximately 1m deep is dug in the soil and
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Realizing the importance of the reef ecosystem of the
Gulf of Mannar, the Government of Tamil Nadu
(GoTN) created a Marine National Park covering the
21 islands in the area in the 1980s. The Government
of India (GoI) declared the Indian part of Gulf of
Mannar a “Marine Biosphere Reserve” in 1989,
covering an area of 10,500 km2 between Rameswaram
and Kanyakumari. Awareness about the importance of
managing coral reefs and reef resources and
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conservation became broader among all sectors and
stakeholders in India after the 1998 global coral
bleaching event, largely as a result of a number of
international and national initiatives such as Global
Coral Reef Monitoring Network (GCRMN), Coastal
Ocean Research and Development in the Indian
Ocean (CORDIO), Global Environment FacilityUnited Nations Development Programme (GEFUNDP) and Indian Coral Reef Monitoring Network.
Further, activities carried out through the CORDIO
network since 2002, such as reef monitoring,
restoration, capacity building among reef dependent
fisher folk, creation of alternative livelihoods and
awareness initiatives, as well as programmes by the
Union Ministry of Environment and Forests, have
greatly contributed to knowledge about the area and
an understanding of how to address the issues and
threats it is facing (Patterson, 2003; Chellaram and
Patterson, 2005; Mathews and Patterson, 2005;
Patterson, et al., 2005; Wilhelmsson et al., 2005;
Patterson, 2005; Patterson et al., 2005; Patterson and
Samuel, 2005; Patterson et al., 2006; Mathews and
Patterson, 2006; Chellaram et al., 2006; Patterson et
al, 2006; Patterson et al., 2007). The 2004 Indian
Ocean tsunami made people more aware of the
importance of islands and reefs, and the fisher folk
along the Gulf of Mannar voluntarily came forward to
end coral mining. Further, the Gulf of Mannar
Biosphere Reserve Trust, formed by the GoTN to
implement the GEF-UNDP project “Conservation
and sustainable use of Gulf of Mannar Biosphere
Reserve’s coastal biodiversity”, has taken the initiative
to undertake job oriented trainings targeting fisher
youth from the area, in order to facilitate
diversification of income generating activities and take
pressure off reefs and the fishery resource.
However, in spite of these efforts the Gulf of
Mannar is still under considerable stress. Destructive
resource utilization practices are proving difficult to
stop completely due to the high dependence of a large
number of poor coastal people on reef resources for
their livelihood. In addition, businesses such as the
lime industry particularly on the Tuticorin coast have

exploited the situation of high poverty among fisher
folk by using them for illegal coral mining activities to
obtain raw materials. Population growth, low literacy
level and crowded fishing grounds continue to pose a
threat to the reef resources, and fishing remains the
only traditional profession recognized by and familiar
to many poor fishermen.
Dealing with this situation requires long-term,
broad and diverse efforts, including continued
development of viable alternate livelihood options
along with awareness creation and environmental
education, which can gradually create a change. It is
also essential that fisher women are encouraged to take
a lead role in generating household income, thereby
reducing the pressure by the predominantly male
fishers on the marine environment. This requires
increasing the literacy levels among women in fishing
households, as well as providing e.g. vocational
training, which is currently being addressed by
SDMRI.
It must be noted that, in spite of many steps taken
by the Government and other organizations in
providing alternate livelihoods, the schemes mostly fail
because activities or plans are not appropriate and
require engagement and commitment in the longterm, beyond the scope of most interventions. In most
cases, funding is available only for training fisher folk,
but not for supporting start-up activities on a large
scale. Many of the schemes also prove not to be viable
as there is a mismatch between the skills and desires of
the people, the activities being promoted, and market
forces. In order to be able to change opinions and
attitudes as well as traditional ways of living among
poor fisher folk, sufficient technical and financial
support is required.
Through programmes supported by CORDIO and
the Government of India, SDMRI has successfully
developed and implemented a number of alternate
livelihood options on a pilot-scale, such as crab and
lobster fattening, development of value added
products from under utilized marine resources and
using hygienic post harvest techniques to enhance
quality, and vermi-composting. The schemes are

393

successful because the products have good market
demand and there is a tie-up between producers and
markets, and because facilitation, monitoring, support
and technical advice for the activities has been
sufficient over time. Importantly, the buy-in and
support from district administrations has greatly
increased sustainability and scaling-up of the activities,
including e.g. the spread of crab and lobster fattening
to other parts of the Tamil Nadu coastline after
successful piloting in Tuticorin.
It is important to note that any alternate livelihood
scheme should be based on local resources and a clear
need, and underpinned by sound technical, financial,
and market knowledge. Agencies involved in
livelihoods enhancement activities should consider
these aspects for greater sustainability and greater
employment and food security benefits to local
populations in the longer term. When implemented
well livelihoods enhancement can constitute an
essential part of conservation and management of
marine resources.
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management in Madagascar’s marine parks may
include: (1) presenting consistent and transparent
socioeconomic and ecological monitoring to
communities to clearly demonstrate the effects of
conservation on community livelihoods; (2) forming
cross-scale linkages between national, provincial, and
local governance institutions to promote resilience to
social and ecological disturbances.

We conducted a socio-economic assessment in thirteen
communities within or adjacent to Madagascar’s
Marine Protected Areas (MPAs); Nosy Atafana MPA
in the Mananara Nord biosphere reserve; Tampolo,
Tanjona, and Masoala MPAs in the Masoala National
Park, and the recently designated Sahamalaza MPA.
Socio-economic information was gathered using
several techniques, including household surveys,
resource user key informant interviews, community
leader key informant interviews, and oral histories.
Communities varied considerably in regards to their
dependence on marine resources. Communities in the
Masoala and Tanjona marine parks had a relatively
high dependence on fishing and gleaning (particularly
for octopus and sea cucumber). Communities in
Sahamalaza had moderate dependence on marine
resources and Sahasoa, near Nosy Atafana, had a
relatively low dependence. We found that fishing
effort in several of our study sites was comparable to
moderately exploited sites in Kenya (Cinner and
McClanahan, 2006). However, it will be necessary to
examine fishing effort relative to the size of fishing
ground to have a better overall impression of fishing
pressure across the study sites. Strategies to improve
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Madagascar’s high levels of endemic flora and fauna
have made the island a key conservation priority site
(Myers et al. 2000). In 2003, the Malagasy President
announced that Madagascar would create a six million
hectare network of terrestrial and marine reserves,
effectively tripling the area under protection (Duffy
2006). Yet, there has been little effort to understand
the human dimensions of this proposed conservation
initiative, particularly in the marine context.
As conservation theory and practice moves away
from excluding resource users to creating partnerships
with them, it is becoming increasingly clear that
conservation is as much about understanding people as
it is about understanding ecological processes (Cinner

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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et al., 2007). Many conservation projects fail to
achieve either biological or social goals because they
do not adequately understand, address, and
incorporate the socioeconomic needs and concerns of
stakeholders (Christie et al. 2003, Christie 2004,
Cinner et al. 2007). Here we investigate some key
socioeconomic conditions in Madagascar’s marine
protected areas (MPAs). We examine the intensity
and type of resource use, occupational multiplicity,
population, settlement pattern, and market influences.
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We selected villages within or adjacent to
Madagascar’s national marine reserves at sites in the
northeast (Nosy Atafana MPA in the Mananara Nord
biosphere reserve and Tampolo, Tanjona, and Masoala
MPAs in the Masoala National Park) and northwest
(recently designated Sahamalaza MPA). Villages were
chosen to encompass a range of geographical, social,
and economic conditions which included population
size, development, history/length of settlement, and
dependence on marine resources. To gather
information within villages, a combination of
systematic household surveys (for example, surveying
every second or third household), semi-structured
interviews with key informants (community leaders
and resource users), recording of oral histories, and
participant observations. A total of 264 household
surveys were collected and analyzed.
Sampling of households within villages was based
on a systematic sample design (see Henry, 1990; de
Vaus, 1991). In very small communities (<30
households), a whole haul census was generally
attempted (but never achieved because of long term
absence of specific residents). A household was defined
as people living together and sharing meals. Variance
from the systematic sample was assumed to be equal to
the estimated variance based on a simple random
sample (Scheaffer et al., 1996). The number of surveys
per park ranged from 43-70. The number of surveys
per community (within each park) ranged from 7-44
(Table 1), depending largely on the population of the
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village, and the available time per site (this was
influenced by factors such as weather, the availability
and frequency of transportation to certain sites, and
budget requirements).
The head of the household was interviewed with a
structured survey form by a trained research assistant
(Fig. 1). If the head of the household was not
available, the household was revisited later. If the head
of the household was still not available, another adult
from the household was interviewed.
Dependence on fishing was determined by having
respondents list all the occupations the household
engaged in for food or money. Respondents were then
asked to rank these activities in order of importance.
Those who regularly engaged in fishing estimated the
percentage of their fish catch sold or bartered.
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Human population size can affect the pressure placed
on reef resources and influence the types of
interventions required to manage them. Population
and settlement pattern were examined as indicators of
potential pressure on reef ecosystems. The villages
were relatively small, many of which had populations
of less than 100 (Table 2). Sahasoa was the largest
village studied. A mean of 4.5 people per household
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MPA and Community

Masoala MPA

Number of
surveys

Number of fishers
surveyed

Proportion of
fishers, %

53

26

49

7
18
28

7
3
16

100
17
57

Tanjona MPA

54

46

85

Tanjona
Ifaho
Andomboko
Ankarandava
Antsabobe

13
13
9
10
9

9
12
9
9
7

69
92
100
90
78

Tampola MPA

Ambinambe
Ankitsoko
Ambodilaitry

43

19

44

Ambodiforaha
Marofototra

17
26

6
13

35
50

Nosy Atafana MPA

44

15

34

44

15

34

Sahamalaza MPA

70

38

54

Antranonkira
Nosy Berafia
Nosy Valiha

9
40
21

4
19
15

44
48
71

Sahasoa

All sites

264

144

was recorded for all the study sites. There was
considerable variation in household size within parks.
For example, at Tanjona, household size ranged from
2.8 in Antsabobe to 5.7 in Ankarandava. At Cap
Masoala, there were 3 people per household in
Ankitsoko and 4.3 in Ambinambe. Antsobobe,
Ankarandava, and Andomboko were the smallest
villages studied, each were relatively dispersed and had
less than 15 households (Table 2). Nosy Berafia and

55

Nosy Valiha had several sub-village settlements
dispersed around the islands. For the purposes of this
study, we combined these hamlets into a single study
site (i.e. village) for each island.

@(E)B(F++.*&
Occupational categories reported included fishing,
selling marine products, agriculture, tourism, salaried
employment1, and the informal sector2. Most study

1

The category “salaried employment” includes salary positions such as secretarial work, teaching, security, etc. Salary jobs in the tourism
sector (i.e. hotel security) are considered in the tourism category.
2
The category “informal sector” can include participation in informal markets, such as selling food or clothes from a kiosk, casual work, etc.
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Indicator
Cap Masoala
Ambinambe
Ankitsoko
Ambodilaitry
Tanjona
Tanjona
Ifaho
Andomboko
Ankarandava
Antsabobe
Tampolo
Ambodiforaha
Marofototra
Nosy Atafana
Sahasoa
Sahamalaza
Antranonkira
Nosy Berafia
Nosy Valiha

Average
people per
household

Number of
households

3.5
4.3
3.0
3.5
4.8
5.5
3.4
4.7
5.7
2.8
5.1
4.7
5.4
5.4
5.4
4.4
4.8
4.5
4.3

88
12
25
51
66
16
19
11
10
10
56
20
36
244
244
133
18
70
45

Population
size
308 *1
51
75
180
316
87
64.
51
57
27
286
94
193
1314*
1314
1314
585*
585
86
311
192

Settlement
pattern

C, N
I, N
C, D
C,
C,
C,
C,
C,

D
D
D
D
D

C, N
C, N
C, N
C, N
C, D
C, D
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sites were relatively similar in the occupational
diversity (Table 3), but the most rural and remote site
(Sahamalaza) had considerably fewer occupations per
household (Table 3).
The agricultural and cash crop sectors had the
broadest participation, with over 92% of respondents

being involved. Slash and burn practices for both
agriculture and cattle (to provide green grass shoots
after the burn) were widespread and potentially are a
concern for both terrestrial and nearshore marine
environments (see Kull 2000). In Sahamalaza, the
terrestrial environment appeared to be particularly
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degraded and terrestrial conservation will be an
important component of long-term coastal zone
conservation. As the terrestrial environment becomes
increasingly degraded, it is expected that there will be
increasing pressure on marine environments. In the
Mananara and Masoala peninsula regions, a high
primary dependence on cash crops (particularly
vanilla) and secondary dependence on fishing suggest
that fluctuations in international prices of cash crops
could have repercussions on the use of marine
resources. For example, in Marofototra, community
leaders explained how the drop in vanilla prices has led
to an increased reliance on fishery resources.
Fifty four percent of all respondents were engaged
in traditional fisheries. The highest participation was
at Tanjona, where 98% of households were involved
in the fishery and 87% considered fishing a primary
occupation. Participation in the fishery was relatively
low in Nosy Atafana, where less than 36% of
households were involved and only 7% ranked fishing
as a primary occupation. Many of those who
participated in the fishery considered it their most
important occupation, particularly at Cap Masoala,
Sahamalaza, and Tanjona. This suggests that fisheries
management regulations in these areas will have a
direct impact on a high proportion of peoples’

livelihoods. Gleaning at all sites was less important
than fishing, but did comprise a significant livelihood
activity with the exception of Tampolo. Gleaning
activities generally focused on octopus and sea
cucumbers.
The salaried employment sector, and “other” sector
(which included remittances, traditional healing arts,
etc.) made up 3% and 9%, respectively. Tourism is an
important economic activity in parts of coastal
Madagascar. However, only 1% of respondents were
involved in the sector informally as porters or local
guides.
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To determine the intensity of fishing effort in the
communities, respondents were asked the average
number of trips per week that they and other members
of their family participate in for each gear type. Figure
2 examines total fishing effort across the parks3. These
estimates do not include the areas of the parks that we
were unable to survey and are an underestimate for
Cap Masoala, Sahamalaza, and Nosy Atafana.
Tanjona exhibited the highest overall fishing pressure,
and Tampolo exhibited the lowest. Gill nets were the

3

It should be noted that when respondents used more than one gear type in a trip, they were considered separate trips if at least one gear
was “passive” (e.g. traps which are set and returned to after some time). However, when multiple gears were used, but more than one gear
was “active” (e.g. a seine net or handline), they were considered partial trips (depending on how many gears were used).
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most frequently used gear, followed by handlines,
gleaning, traps, and spearguns. Gleaning consisted of
collecting octopus and sea cucumbers from intertidal
or shallow subtiddal reef flats. Spears were frequently
used in octopus collection. Traps were constructed out
of local materials and generally had mesh gauge of
approximately 3 inches (Fig. 3).
'
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At the sites examined, fish marketing was entirely by
small-scale traders for local consumption (Fig. 4).
Very few respondents reported being involved in
buying and selling fish or marine products. The
exception to this is involvement in the sea cucumber
industry, particularly in Sahamalaza and Tampolo
(Masoala peninsula). In contrast to Kenya, where
small-scale traders bought fish at landing sites, did
some processing (scaling, gutting, and possibly
cooking), and either sold fish in local open air markets
or transported fish to urban centers (i.e., Mombasa or
Malindi) for sale in retail fish shops, fish marketing in
Madagascar was done primarily by the fishers and
their family. Poor transportation and low fish prices
meant that many communities were not heavily
integrated into provincial or national markets. There
were no medium-scale (i.e. traders with freezers or
refrigerated storage capacity) or large scale (i.e. traders
with exporting facilities) fish sales or processing at any
of the sites assessed in this study.
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Although there appeared to be considerable variation
in socioeconomic conditions between the communities
examined, this was less so than in similar studies
conducted in Kenya, Papua New Guinea, and
Indonesia (Cinner et al, 2006, 2007; Cinner et al
2005, McClanahan et al 2006). This was mainly due
to the establishment of the marine parks in remote
and rural areas of Madagascar, compared to urban and
peri-urban areas such as Malindi and Mombasa MPAs
in Kenya and Bunaken MPA in Indonesia. Our study
sites were all small (<250 households), remote sites
with little access to infrastructure, services, or markets.
However, there was considerable variation in peoples’
dependence on marine resources. Some areas, such as
Sahasoa village (near Nosy Atafana MPA), had low
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dependence on fishing, while residents in and adjacent
to Tanjona MPA had extremely high dependence on
fishing.
Despite the small human population size and
remoteness of the study sites, fishing intensity at some
sites was high (approximately 400 trips/week) and
comparable with the intensity encountered in the
smaller study sites in Kenya (Cinner and McClanahan,
2006). Gill nets were the most frequently used gear in
the study sites, which may pose a considerable threat
to reef resources through both direct damage to corals
and their species and body length selectivity
(McClanahan & Mangi, 2004; Cinner &
McClanahan, 2006).
In the Sahamalaza region, pressure on marine
resources is currently moderate and dispersed over a
very large area. However this pressure may increase
significantly as terrestrial habitats become increasingly
degraded and unusable for agricultural purposes.
Consequently, it will be crucial to develop integrated
management of the terrestrial environment outside of
designated park areas, particularly in the islands and
peninsular regions where deforestation and subsequent
erosion is severe. This will require considerable
reforestation efforts and livestock management
initiatives. One of the main issues in the islands region
is that people do not have ownership of the land and
their insecure tenure may promote practices that favor
short-term gain at the expense of long-term
sustainability.
There are multiple natural and social disturbances
that may threaten coral reefs in Madagascar. For
example, there have been six major cyclones in the
2006-7 season alone (Reuters 2007). Preliminary
results of ecological surveys suggest that reefs in the
region were adversely affected by the natural disasters
(S. Harding pers. comm.). Coral reefs in Madagascar
are also highly susceptible to social events that may
alter marine resource use patterns. For example, due to
the high dependence on cash crops such as vanilla,
marine resource use is dependent on external (i.e.
international) economic factors such as price
fluctuations. Many respondents described changes in
marine resource use after the drop in vanilla prices in
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2003 (which decreased to 1/10 the value). One
respondent noted “after the drop in vanilla prices,
many people are now fishing”. There is a need to
develop management regimes that will promote
resilience to both social and ecological disturbance
events. While the decentralization associated with the
‘transfer de gestion’ policies may help to improve the
adaptive nature of management systems in
Madagascar, resilience to social and ecological events
will require that conservation organizations devote
considerable attention to strengthening the social
networks that promote social capital and ensure crossscale interaction with local, provincial, and national
institutions.
One of the goals of this research project was to
establish and expand monitoring at the sites. As part
of the establishment of regular socioeconomic
monitoring, it will be very important to provide
feedback to the communities in terms of results and
outcomes of both the socioeconomic and ecological
monitoring. Socioeconomic monitoring every 3-5
years (or sooner if there is a large event such as a
cyclone or dramatic fluctuation in the price of cash
crops) will be important. Understandably, respondents
in several communities expressed considerable
frustration that the results of previous studies were not
shared with them.
&
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The marine conservation NGO Blue Ventures has
been working with local communities in the region of
Andavadoaka, southwest Madagascar, since 2003. Its
aim is to protect the biological diversity, sustainability
and productivity of the region’s coral reefs and related
habitats, while improving the quality of life of the
local coastal communities that depends almost entirely
on local marine and coastal resources for subsistence
and income. Following the results of a pilot marine
no take zone launched three years ago adjacent to the
remote fishing village of Andavadoaka, Blue Ventures
and partner organisations, the University of Toliara’s
Institut Halieutique et des Sciences Marines (IHSM)
and WCS -Madagascar, are currently working with 23
neighbouring villages towards the development of a
network of community-run marine, coastal and
terrestrial protected areas in the Andavadoaka region.
The network, named the Velondriake Community
Managed Protected Area (VCMPA), spans over 700square kilometres, incorporating coral reefs, lagoons,
mangroves, beaches, sea grass beds and baobab forest,
and is managed by a series of regional committees and
subcommittees comprised of representatives of all
villages within the protected area. The VCMPA is an
wholly locally-managed and locally-driven initiative,
with access to and resource use rights within the
protected area governed by local community laws

known as Dina . A number of special use zones have
been designated within the VCMPA envelope,
including temporary and permanent marine and
terrestrial no take zones (NTZs).
Supplementing the benefits of the protected areas,
project leaders are working with local communities to
develop and launch sustainable livelihoods – including
eco-tourism and mariculture businesses – that are
aimed at providing future financial alternatives to
overexploitation of natural resources. Specially
managed zones for pilot ecotourism and mariculture
developments are contained within the VCMPA.
Between May and June 2006 Blue Ventures
conducted a preliminary socioeconomic assessment in
Andavadoaka and two neighbouring villages in the
region, Ampasilava and Lamboara, by implementing
the SocMon WIO guidelines, with generous technical
and financial support from CORDIO East Africa.
The following objectives were identified for this study:
!" To understand socioeconomic changes, and its
drivers, within the communities;
!" To identify and monitor the distribution of
benefits of conservation activities in the
community and MPA network;
!" To understand communities’ perceptions and
attitudes of management initiatives already put in
place and the impacts of these measures on the
communities;
!" To evaluate the socioeconomic impact of

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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introduced management activities;
!" To disseminate the monitoring results to increase
awareness in government and policy circles of the
socioeconomic aspects of artisan fishers, and their
vulnerability;
!" To train local staff and VCMPA committee
members to continue the socioeconomic
monitoring.
The socioeconomic assessment provided an
overview of the area including the stakeholders,
demographics, infrastructure, business development
and community profiles, identifying threats and
problems facing traditional coastal livelihoods in the
region. Marine activities affecting coastal and marine
resources were also monitored to establish a reference
against which future changes in use patterns could be
observed, in particular those resulting from
environmental
management
and
conservation
activities. The socioeconomic assessment also included
data collection on awareness of rules and regulations,
as well as community attitudes and perceptions on
marine resource conditions and marine management
initiatives. The SocMon study, the first of its kind in
Madagascar, was initiated using a combination of
research methods including questionnaires, key
informants (Plate 1) and focus group interviews based
on the SocMon WIO guidelines. Prior to monitoring
on-site training was conducted, covering field data
collection, interview techniques, database use, data
analysis and dissemination. This study was completed

just after initiation of pilot marine no take zone trials,
adjacent to the three survey villages, which led to the
establishment of the broader VCMPA a short time
afterwards (Plate 2).
Following expansion of regional environmental
management and conservation efforts to include 23
villages within the VCMPA initiative, the first round
of SocMon sites was expanded to include a broader
representative sample of the varying ethnicities and
marine and coastal resource users affected by the
VCMPA. Logistical constraints prevented surveying in
all 23 communities (Fig. 1), however all villages
within the VCMPA were visited to introduce the
objectives of the SocMon work prior to commencing
data collection. Ten villages (Ambalorao, Ampasimara,
Andrananombala, Ankindranoke, Ankintanbagna,
Antsatsamoroy, Befandefa, Bevato, Nosy Ve and
Tampolove) were selected to represent varying levels
of a number of criteria including: population size,
fishery or agricultural activities, infrastructure,
ethnicity, presence of an administrative centre, and
geographical location, in order to produce a balanced
sample from all the villages. The expanded SocMon
survey was undertaken between May and August
2007.

The monitoring team consisted of multilingual
staff of both local Malagasy and international
research staff. Modifications were made to the
questionnaire and focus group interviews to
account for the nature of the newly implemented
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VCMPA, in order to investigate local
communities’ understanding of and support for
its establishment. As with the first round of
surveying, a combination of data collection
techniques was found to be most effective, with
household surveys being reinforced through focus
group and key informant interviews.
@$;;%'$&.*$"&("0(>%;62*;(
A summary of the first round of monitoring was
presented to the Velondriake management committee,
regional sub-committees, and three villages surveyed
prior to the commencement of the second expanded
study. Upon completion, the final reports of both
rounds of surveying will be distributed to local and
regional government and VCMPA management
committees, with the intention of providing
communities, VCMPA managers and partners with
information to better understand key socioeconomic
and environmental issues in the region, as well as
highlight priority areas for improved management of
marine and coastal resources.
At a national level the implementation of socioeconomic monitoring is critical to increase
government understanding of the problems facing the
resource-dependent Vezo people of the southwest
coastal region. Few marine protected areas are
currently in place in Madagascar, and the
establishment of a regional community-run marine
and coastal conservation initiative such as the VCMPA
is unprecedented.
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To make the SocMon guidelines applicable to
Madagascar, the team translated the field forms into
French and again into Vezo language. It is necessary to
adapt the guidelines for site specific needs such as
translating into Malagasy to assist in explaining the
objectives of the project among local communities.
This would also be useful to assist in the expansion of
the Malagasy SocMon programme to other regions
within Madagascar, and to facilitate the training of
new site teams.
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In response to the recent decline in fish stocks in
Rodrigues, 4 marine reserves were proclaimed in the
northern lagoon in April 2007. Although biological
monitoring has been on-going since 2002, there was
an urgent need for socio-economic monitoring to be
carried out to complement this research. The main
objectives of this study were therefore to formalise and
add to existing knowledge on fisheries and fishers
attitudes and to establish baselines for future
monitoring and evaluation. SocMon surveys were
undertaken at the village of Rivière Banane, in the
north-east of Rodrigues, during May – July 2006 and
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February 2007 using a combination of household
surveys, key informant and focus group interviews.
The surveys indicate that fishing (Plate 1) and
planting (Plate 2) are the most important occupations
in Rivière Banane, undertaken by 22% and 28% of
respondents, respectively, however the majority of the
community are unemployed. The community is
young, with 50% aged less than 30 years and the
majority have received less than 9 years of schooling.
The community is Catholic with the majority of
respondents speaking only Creole. Households have an

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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were highlighted, however the majority of respondents
feel that they have no involvement in coastal
management decisions. Respondents highlight illegal
fishing, pollution, coastal flooding and soil erosion as
threats to the health of coastal resources, with the
solutions being better enforcement of fishing
regulations and cleaning the beaches and rivers. Major
problems facing the community are poor roads/lack of
public transport, lack of water and invasive plants.
Respondents understand the non-use value of the
coastal resources, with the majority wanting future
generations to enjoy coral reefs and agreeing that
fishing should be restricted in certain areas.
The results therefore highlight that fishing is
important to the Rivière Banane community and the
development of a no-take marine reserve in the region
will have an important financial impact on a number
of households. The young community suggests that
the development of an alternative livelihood and retraining programme may be more suitable than a
Voluntary Retirement Scheme as a means of reducing
fisher numbers. Illegal fishing is seen as the main
threat to the coastal resources in Rivière Banane and
this is particularly relevant to the development of the
new marine reserve, with better enforcement needed.
The study also highlights the need for greater
involvement of the fishing community in future
coastal management issues in order for the
management plan to be successful.
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average size of 4 persons and most respondents own
their houses, have an average of 4 rooms and all have
access to piped water and mains electricity. Fishing is
the primary source of income for 30% of households,
however only 13% of respondents own their own
boats, and of these only 20% have an engine. (Plate 3)
Coastal and marine activities carried out in the area
are: fishing for octopus using harpoons, fishing for fish
using basket traps and lines, planting fruit and
vegetables, raising livestock and tourist snorkelling
trips. Marine products have a low – medium value and
all are sold locally, as well as being used for own
consumption. Three formal community organisations
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A socio-economic monitoring pilot project was
initiated in Eastern Africa in 2002. The goal was to
develop a regional socio-economic monitoring process
that contributes to improving coastal and fisheries
resource management.. Findings for the Diani-Chale
area in Kenya are analyzed here, focusing on
community livelihood strategies for three villages
studied. On average, there were 5 people per
household, 1.9 of whom were actively involved in
providing food or income. The most important
livelihood activities at the household level were small
business, farming, tourism, formal employment and
casual employment, fishing, sea related tourism, fish
trading and other coastal related activities such as
mangrove harvesting in decreasing order. Sea-based
livelihood activities were undertaken by 33%
households. Extractive marine and coastal activities
included fishing, mangrove harvesting and crab
collection. Non-extractive activities included boat
operators, beach operators, diving operators and fish
traders. Fishing was the second most common
livelihood activity for households in Diani-Chale
(32%), while fisheries accounted for 39% of all
natural resources dependent activities.

It is acknowledged worldwide and increasingly in the
WIO region that for decision makers to make
decisions that will improve resource management, they
need a better understanding of the people who live
from coastal and marine resources. The socioeconomic context in which coastal communities live
changes constantly, monitoring is thus an essential
tool if management is to be effective in the long run.
Existing knowledge must be updated so decision
makers can react and adapt to new situations.
Although socioeconomic assessments are often carried
out in WIO, monitoring is only at its infancy; the
socio-economic monitoring pilot project (SEMPP) was
the first in the Western Indian Ocean.
The aim of SEMPP was to initiate socio-economic
monitoring in pilot sites. Three socio-economic
aspects were identified as most important for
management by sites and within the region:
occupational structure, local resource use patterns, and
stakeholders’ perceptions and relations. Results
presented here relate only to one of these,
occupational structure of the communities, focused on
what communities do for a living or their livelihood
strategies. Following the pilot testing at Diani-Chale

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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25km south of Mombasa town from the Mwachema
River in the north to Gazi Bay in the south. Nine
villages were studied during the first round of
monitoring., after which three representative villages
were selected for ongoing monitoring, Biga, Chale and
Gazi (Fig. 1). Chale is made up of 3 sub-villages,
Makongeni, Bandani and Kinondo. The area boasts
extensive beach based tourism, hotels and other related
infrastructure that form a significant part of the local
economy. Fishing is the most important activity done
by the local community. Coral reefs and other coastal
resources in Diani-Chale are considered to be heavily
exploited or deteriorating. Competing use of coral
reefs and coastal areas including near-shore waters
between various resource users often results in conflict
among various stakeholders, most notably between the
tourism industry and the local community. An
attempt by the government to establish marine
protected area management was rejected by the
community. Current management efforts have shifted
focus to community-based management with
designation of the area as the Diani-Chale
Management Area (ICAM, 2002) and involvement of
stakeholders in a participatory management process.
The monitoring project included a long
preparation stage during which local leaders and
committees were informed about the need for socioeconomic monitoring and their support solicited.
Field assistants (young men and women) from the
community were trained as enumerators to carry out
the monitoring in collaboration with project staff.
Local community involvement in the socio-economic
monitoring is essential for the sustainability of the
process. Information was collected using Kiswahili
language, which is widely spoken on the Kenyan coast
and occasionally the local Digo language where better
communication was required.
Data collection was by key informant interviews as
well as focus groups. In both cases, informants were
carefully selected to be from the village where the
monitoring was being carried out, and with age and
gender balance among informants. Key informants
were asked to systematically list all households in their
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and Msambweni in Kenya, monitoring was initiated at
Mtwara (Mnazi Bay Ruvuma Estuary Marine Park)
and Tanga coastal zone in Tanzania, following which
the full SocMon regional programme, SocMon WIO,
was started in 2005.!!

DE>FABA8AGH'
The Diani-Chale area is in Kinondo location, of
Msambweni Division, Kwale District, approximately
412
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Village

Number of households

Total number of
Inhabitants

Inhabitants per household (mean)

Biga
Chale
Gazi
Overall

102
197
165
464

578
1068
817
2463

5.70
5.40
5.00
5.37

village following a mental transect through the village.
The communities’ occupational structure was
determined through information they provided for
each household, including number of household
members, number of household members contributing
to the households' income or food and list of activities
carried out by the household for food and for income.
Data presented here is grouped at the site level
(Diani-Chale) and village level (3 villages).
Occupations were grouped into three categories for
analysis; general occupations, natural resource based
occupations and marine resource based occupations.

Income earners per
household (mean)
1.5
2.3
1.7
1.8

active persons per household 2.3, followed by Gazi
and Biga, which had 1.7 and 1.5 respectively. Most
households involved in multiple livelihood activities in
Diani-Chale were in Chale village. A total of 292
households in Diani-Chale area were involved in
multiple livelihood activities 167 of which were in
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The three villages in the study area had a total of 464
households with 2463 people (Table 1). On average
Biga had the highest number of inhabitants per
household, 5.7 followed by Chale and Gazi 5.4 and
5.0 respectively. Chale had the highest number of
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Chale representing 84.8% of the village while in Gazi
and Biga, the proportion was 47.3 and 46.1%
respectively (Fig. 2).
Females headed about 27.8% households in DianiChale area. The highest proportion of female-headed
households were in Gazi (30.3%) while Biga and
Chale were similar with about 26.5% (Fig. 3)
Thirteen broad classes of occupations were
recorded during the surveys (Table 2). The largest
proportion of households in the three villages, 60%
depended on small business opportunities and other
forms of self-employment for their livelihoods (Fig. 4).
These include the sale and making of mats, food
vendors, charcoal sellers. Over 30% were involved in
fishing and 20% of households were also involved in
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Main Category
Fishing

Groups included under category
All fishing methods,

Fish trade

Fresh fish trader-local fish, Fresh fish trader-non local fish, Fried Fish Trade,

Fisheries

Fishing, Fish trade, Shell-Collector,

All sea

Fishing, Fisheries, Self sea tour, Employed- sea, Mangrove use.

Self sea tour

Beach-Operator, Beach-Boy, Beach-Operator, Sea Tourism,

Emp sea

Employed in Sea Tourism,

All tour

Self employed in sea tourism, Employed in sea tourism,

All emp

Employed, Employed in sea tourism,

Self bus

Small-Business, Medium-Business, Sale and making of mats, Food vendors, Charcoal sellers.

Farming

Small scale farming, Large scale farming, Farm Trader,

Others

Traditional doctor, Artisans, Casual emloyees,

Mangrove use

Mangrove Cutter, Mangrove seller,

Natural resource dependent

All sea, Farming

Gazi and 84% in Chale where it was more than twice
the proportion supported of any other activities.
Fishing was the second most important activity for
households in Biga supporting about 33% households,
while it ranked third in Chale 33.5% and in Gazi,
31% after farming and employment respectively. Selfemployment in sea tourism ranked third in Biga
village where it supported more than 23% of
households compared to the other 2 villages. Selfemployment activities in tourism include boat
operators and beach operators.
A minimal number of households were dependent
on self-employed sea tourism in Chale and Gazi
villages, 8.6% and 1.8% respectively. Similarly
employment in sea related tourism activities such as
dive assistants, coxswains was below 10% in all three
villages, Chale was highest with 6.1%, while Biga and
Gazi villages had less than 2%.
Non-sea related tourism activities such as
employment in beach hotels were only encountered in
about 2% of the households in Biga, non in Gazi and
an insignificant percentage in Chale. Farming
supported 38.6% of the households in Chale, the
highest proportion among the 3 villages, even slightly
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farming. About 19% of households relied on various
forms of paid employment including casual
employment. The rest of activities were undertaken by
less than 10% of households, such as fish trading,
7.3%, sea and coastal related tourism activities such as
boat operators, dive assistants, coxswains and beach
operators were undertaken in 9.5 % of the households.
Small businesses or self-employment was the most
common livelihood activity in all three villages (Fig.
5), supporting 36% of households in Biga, 44 % in
414
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exceeding fishing in the village. In Biga and Gazi
villages, farming supported much less than 11% of the
households. Gazi was the only village with a high
proportion of households (above 33%) in either
formal employment or casual employment. Less than
17% of the households in Biga and Chale depended
on formal and casual employment. The same
proportion of households in Gazi and Chale, 9.1%
villages, undertook fish trade and much less in Biga,
1%.
Considering only those livelihood activities that
depended on natural resources in Diani-Chale area,
fisheries were the most important activity (39% of all
households) followed by farming (22%) and tourism
activities (13%) while households depended on
mangrove were only 1.3%. At the village level,
fisheries were the most important activity, supporting
> 34% of households, in all villages. Farming was
second most important in Chale (38%) but ranked
third in Biga at only 12%. Tourism was ranked second
in Biga at 25.5 % while it was third in Chale (14.7%)
and very low in importance in Gazi (1.4%), a
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proportion that was lower than mangrove use.
Among marine-based occupations in the DianiChale area, fishing was the most important supporting
32.8% households (Fig. 6). Self employed sea based
tourism activities and fish trading were 2 nd and 3 rd
most important although each supported less than
10% of the households, the two combined supported
415

with 34.8% of households headed by females (CBS
1999). These figures were very similar to those
obtained for Diani Chale area during from this
monitoring where the average household size was 5.4
(Table 1) and 27.8% households were female-headed
(Fig. 3). Gazi village had more female-headed
households in the area, a pointer to their active
involvement in livelihood activities . In this study the
importance of an activity as a source of livelihood was
considered according to how many households
undertake it rather than how much income it
generates. This is because some activities are less
formal in nature and are meant to directly provide
food to the household rather than bring income.
Consequently activities carried out by women were
fairly addressed.
Livelihoods in the Diani-Chale area were largely
dependent on natural resources available within the
area e.g. fishing and fish trading activities and
farming. The close proximity of the sea has greatly
influenced the activities the community undertakes
(King, 2000). Fishing was the single most widely
undertaken marine related activity in this area
followed by fish trading. Chale and Gazi villages had
the largest proportion of fish traders (Fig. 3).
Close proximity of the 3 Diani-Chale villages to
tourism activities is expected to provide income
opportunities for the communities (Kwale District
Development plan 1997-2001). This expectation was
true for Biga village, which is located closest to the
active tourist beaches of the Diani-Chale area.
However, monitoring shows that whereas informal
tourism activities (i.e. boat operating, beach operators
and dive operators) accounted for activities in more
than 23% of households, formal employment in
tourism was depended upon by less than 2% of the
households (Fig. 5). This latter figure is a very small
proportion for an area with many hotels. Previous
studies indicate that one of the causes for the
disappointment of the local community about the
presence of tourism in the area is the lack of benefits
for the community (Rubens, 1996). Tourism
development has not directly benefited this

much fewer households compared to fishing alone.
At the village level fishing was followed closely by
self employed sea tourism in Biga (23%) while in
Chale, only about 9% of the households depended on
self employed sea tourism, a proportion equal to fish
trade, 9%. Biga was the only village where selfemployed sea tourism contributed towards the
livelihoods of such a high proportion of household.
Fish trading ranked 2nd in Chale where it supported
just over 9% of households. Among Gazi households,
fish trade supported about 8% where it was second
most important among the marine activities, the rest
including mangrove use supported less than 3% of the
households each. Chale had the highest dependence
on employment in sea-based tourism (6%) a
proportion three times that of Biga village. On the
contrary dependence on self-employed sea tourism
activities was ranked highest in Biga among the three
villages.

B?=!C==?A@'
This monitoring exercise considered all activities that
contribute food or income at the household level.
Thus it includes activities that are often excluded
during regular censuses, such as home-based and
household enterprises such as the making of mats,
vending food and vegetables, and farming for food.
Such activities are often classified as unpaid family
work yet they contribute significantly to the
household economy and can be developed further to
improve livelihoods. Further, women undertake much
of this work, their contribution in the economy is very
under-reported in regular censuses. This is more so
considering that females headed up to 28.2% of
households in Diani-Chale. The Kwale District
Development Plan of 1997-2001, shows the district
has high rates of unemployment. The percentage of
economically active population in wage employment
in Kwale district is 19.8% (CBS, 1999). 63.8% of the
unpaid workers were females and 33.3% of women
workers engaged in unpaid family work (CBS, 1999).
The average household size is 5.3 in Kwale district,
416

should also focus on promoting other highly ranked
sources of livelihoods such as small businesses the
community undertakes, to make them more
profitable.

community in the form of formal employment
opportunities. This may be an indicator of the lack of
vocational skills, required to work in this sector at the
local level. While this low level of formal employment
is partially compensated for in the informal sector,
resentment is felt in the local community.
Gazi village had a higher proportion of households
dependent on employment, at 33% than the other
villages, at about 20%. The population of Gazi has
more people who have immigrated from outside the
Diani-Chale area. By contrast, Chale villagers had a
higher dependence on farming (33.5%), considerably
higher than for Gazi and Biga villages and slightly
above fishing in the same village. This is attributable
to availability of large areas of undeveloped land that
is easily converted to farmland. However, farming in
the area is severely affected by the presence of many
wild pigs and primates from the adjacent sacred “Kaya
Kinondo ”, which raid crops.
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Households in Diani-Chale have diverse livelihood
options by having household members involved in
multiple activities. This helps to subsidize fisheries,
and may be a response to the decline in fisheries in the
area. The most important of options to fishing were
farming and tourism in Chale, beach tourism in Biga,
and employment in Gazi. All 3 villages were actively
involved in small business enterprises. Fisheries were
the most important marine based livelihood option in
Diani-Chale, hence fisheries management is critical to
sustainability of livelihoods in the area. A more
holistic approach to fisheries management over the
current sectoral approach is needed for the area,
particularly considering the other livelihood activities
that households already undertake. Promoting other
marine based activities but which have been underutilized to date will maximise community benefits,
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for Gazi village, and more active involvement in
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Stocking was done at 4 fish/m2 and a polyculture ratio
of 5 milkfish: 1 mullet with an organic manure
fertilization (poultry manure) of 25kg in sacks floated
on the pond and replaced after every three weeks. Fish
sampling was done once every month. Basic water
quality parameters (temperature and oxygen) were
measured twice a week while other water parameters
and nutrient analysis were done four times during the
experimental period at peak neap and spring tides.
Milkfish and mullet fingerling collection was done for
six days in a month during spring tide using a
“mosquito-mesh” seine net and push net along the
mangrove channels where the water remains stagnant
at low tide and during the incoming water. One way
ANOVA indicated that milkfish growth rate was
significantly lower in wet (0.52 ± 0.18 g/day) than dry
(1.21 ± 1.0 g/day) seasons (P<0.001), and similarly for
mullet between wet and dry (0.15 ± 0.04 vs. 0.29 ±
0.15 g/day, p<0.05). Pond water temperature varied
between 27.1±1.3 to 31.2±2.1 oC (morning and

Milkfish (Chanos chanos) have been grown in
polyculture with mullets (Mugil cephalus) in marine
coastal ponds to increase productivity by more
efficiently utilizing ecological resources within an
aquatic environment and reduction of risks. Little
attempts have been made to culture the two together
in East Africa. The study was aimed at identifying the
growth rate of milkfish and mullets during the wet
(long rains) and dry seasons (short rains) in Kenya;
assess variability in pond water quality during peak
spring and neap tides; and, assess milkfish and mullet
fingerling occurrence over the year. The culture was
done in three earthen ponds (each 0.018ha)
constructed in the sandy flat behind the mangrove
forest, in Kwetu and Majaoni, Mtwapa creek, and
Makongeni, Gazi bay. The first culture cycle was July
–December 2005 (dry-short rains) and second culture
cycle being March-August 2006 (wet-long rains).

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008) Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
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evening respectively) during dry season and 25.7±1.2
to 28.2±1.9oC in the wet season. Fingerling
availability in 2005 - 2006 was analysed with repeated
ANOVA and indicated significant difference in
milkfish (P<0.001) and mullet (P<0.001) abundance
between months; the occurrence of the two fish
species also differed significantly at P<0.001.

pelagic and schooling. They spawn offshore near coral
reefs or small islands. The eggs, embryos and larvae
are pelagic and relatively larger than those of most
marine species. Larvae ≥10mm long and 2-3 weeks old
move inshore via a combination of passive advection
and active migration. Passing shore waters and surf
zones, they settle in shallow-water depositional
habitats such as mangrove swamps and coral lagoons,
where they spend a few months as juveniles. A fishery
on inshore larvae supports the centuries-old
aquaculture of milkfish in Southeast Asia. The mullet
( Mugil cephalus) is under family mugilidae which are
schooling, very omnivorous and eat detritus and a
wide range of organic material. The suitable
temperatures for spawning range between 23 to 28 oC
while suitable salinity ranges are 17 to 36 ppt (Tucker
and John, 1998). In Florida the mullets spawn
offshore and larvae start drifting to shallow coastal
areas while adults are found in the shallow coastal and
estuaries. Mugil cephalus are extremely active
omnivores and almost constantly swimming and
feeding over wide areas.
The development of mariculture in Africa has
experienced several setbacks including high cost of
labour per unit output (Christensen, 1995); lack of
documentation on possible impacts to the
environment; appropriate technology; facilities,
infrastructure and government policies. Despite that,
the demand for marine fisheries production is
increasing with the expansion of tourism and increase
in human population (Anon, 1997).
Milkfish have been grown in polyculture with
mullets in marine coastal ponds (Joseph, 1982). The
underlying goal of polyculture involves increasing
productivity by more efficiently utilizing ecological
resources within an aquatic environment inclusive
reduction of the risks i.e. mullets are especially
susceptible to ectoparasites and scale loss (during
handling) leading to vibriosis (Tucker and John,
1998) . This type of aquaculture is attempted by
stocking species with different feeding habits and
different habitat preferences (Lutz, 2003). Synergism
is often seen in polyculture systems where some
species perform better in presence of other species.
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Fish farming accounts for more than one-quarter of
the total fish directly consumed by humans, using
about 220 finfish and shellfish species (Naylor et al.,
2000). Tilapia, milkfish, catfish, carps and marine
molluscs contribute 80 % of the global aquaculture
output amounting to 29 million tonnes in 1997
(Naylor et al., 2000). Ninety percent of the world’s
aquaculture is undertaken in Asia, with China
producing two – thirds of the world total while
Europe, North America and Japan, which produce
only 10% consume the bulk of the seafood traded
internationally (Naylor et al., 2000).
Milkfish aquaculture has a long history in Nauru
(Pacific Ocean) where fry were caught in the surf and
transferred to brackish water Ponds Island’s interior
which caused mortality of most fry but a large number
survived (Spennemann, 2002). Schuster (1960)
reported that milkfish have been recorded in the Red
Sea, the Aden Gulf, the California Gulf, and off the
coast of East Africa. Milkfish culture can be traced
back about 700 years in Indonesia (Ronquillo, 1975),
and at least 400 years in Philippines (Ling, 1977). At
present milkfish occurs near continental shelves and
around oceanic islands throughout the tropical indopacific. Mullets (Mugil cephalus) are temperate and
tropical euryhaline (Tucker and John, 1998).
Chanos chanos belongs to a monotypic
gonorynchiform family and is most closely related to
the freshwater Ostariophysi (Bagarinao, 1994).
Milkfish populations show high genetic variation but
low genetic divergence, similar to other commercially
important teleosts. The natural life history of milkfish
is one of continual migration. Adults are relatively
large (to 1.5 m or 15 kg), long-lived (to 15 years),
420

From the biological, environmental and economic
sustainability points of view, it is now becoming clear
that it is more advantageous to farm herbivorous
rather than carnivorous fish because of the lower
amount of fish meal required as well as conversion
efficiency (Mmochi et al., 2002). However despite the
debates on the issue, farming of herbivorous finfish
and filter feeders has a better chance of solving the
world’s food problems and protecting the
environment.
The success of milkfish as a cultured food fish
species may be attributed to its ability to tolerate
extremes of environmental conditions; temperature,
salinity, dissolved oxygen, ammonia, nitrite, crowding
and starvation. Low temperatures (23oC) decrease
survival, activity, food intake, and growth and
development of milkfish while high temperatures (up
to 33 oC) have the opposite effect (Villaluz and
Unggui, 1983). Milkfish tend to show signs of
hypoxia at 1.4mg/l while 50% mortality occurs
around 0.1 to 0.4 mg/l at 31 to 34 oC (Gerochi et al.,
1978). Tolerance limits to salinity vary with age
(Duenas and Young, 1983) with larger fish being more
efficient at handling osmotic stress than smaller ones
(Ferraris et al., 1983). Milkfish can tolerate high
ammonia levels of 21 to 20ppm, far above the normal
values (around 1ppm) recorded in ponds (Jumalon,
1979; Cruz, 1981). Gill damage due to ammonia is
reversible ten days after exposure in ammonia-free
water. The juvenile can also tolerate high levels of
nitrite- 675ppm (Almendras, 1987), thus eliminating
ammonia and nitrite toxicity as main factors of mass
kills in milkfish ponds.
In consideration of the above attributes, and
research studies in Kenya and Tanzania, this research
came up with a silvofisheries (polyculture of milkfish
and mullets) program to look at innovations on
community mariculture which can be easily adoptable;
cheap;
accessible;
sustainable
and
of
less
environmental impacts to the environment. The water
supply to the earthen culture ponds depended on the
tidal cycle of seawater with no artificial aeration or
water input. Several water quality parameters were

monitored and assessed regularly during spring and
neap tides. The objectives of this study were: to
monitor the variations of the main water quality
parameters in the culture pond at spring and neap and
relate them to fish production; to monitor growth rate
and yield of milkfish and mullets during the rainy and
dry seasons; to assess if there is any seasonal variability
in milkfish and mullets fingerling abundance.
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The study was carried out in three replicate ponds in
three sites along the Kenyan coast: Kwetu Training
Centre - Mtwapa creek, Majaoni youth group-Mtwapa
creek and Makongeni Baraka conservation group-Gazi
bay (Fig. 1). Three replicate ponds of 0.018ha were
used for the trials – one from each site. Waste pipes
with elbows were place at the gate sites for filling in
water and draining of ponds while other waste pipes
with screens were placed on the dykes relatively higher
as overflows during high spring tides and occasionally
during heavy rain floods (Fig. 2). Pond design and
preparation took place from February to May 2005
and for the second phase, January to February 2006.
After completion of pond construction, ponds were
cured through drying and water flushing in
preparation for stocking. One week prior to stocking,
water was let into the pond through screens at the gate
and overflow pipes.
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Water temperature, pH, salinity and dissolved oxygen
were taken in situ. While water samples were collected
for chl-a, BOD, Ammonia, Nitrites, Phosphates,
calcium, particulate organic matter and total
suspended matter in the laboratory. Water samples
were taken at 3 points a long a transect in each of the
culture ponds and mixed to get a sub-sample for
laboratory analysis. The parameters that were
measured in the field involved measuring at three
points along a transect to obtain an average. Water
quality status is quite eminent in aquaculture ponds.
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Temperature of the pond was monitored on a daily
basis (morning; 0800 hours to 0930hours and
evening; 1400hours to 1600hours) for a period of
seven months in the first culture cycle-2005 and five
months in the second culture cycle-2006. Dissolved
Oxygen and Biological Oxygen Demand were
measured three times during the experimental period
in the morning and evening while other parameters
were measured twice at spring and neap tides in the
course of the field experiment. Costly water quality
parameters were minimized since the results were
targeted to help the local people who may not have the
equipment and technology/know-how to use them.
Whenever any stress was observed on the fish; sensitive
water quality parameters (Dissolved oxygen) were
assessed to ascertain if they were within the tolerance
levels.
The culture facility (pond) was designed to allow
in water at high spring tide to enrich the pond with
planktonic materials and nutrients from the ocean
water to develop the required lablab (benthic algal
mat) for milkfish and mullets. During neap tide, four
sacks of chicken manure weighing 25kgs each were
floating in the pond to release nutrients for primary
productivity in the pond and production of the
benthic algal mat. The manure could also act as direct
food for milkfish and mullets which were the target
species under culture. No application of artificial
fertilizer was made and manuring was reduced to three
week intervals to reduce input of excess nutrients into
the ocean.

'71?.&# QP! )'#! $1! 90%:'! 6$',(! ,-$.+%/! (-0! ,(7&:!
,+(0,! .-020! #$4:674(720! (2+'4,! .020! 6'22+0&! $7(!
;)(.'#'!6200<!'%&!='>+!?':@8!

,*"4#;$*)@7"1#("4#'75%#;(NK37"1#
Fish fingerling collection took place for a period of 2
months (April – June 2005) for the first cycle and
March - April 2006 for the second cycle due to
unavailability of the seeds. The culture period was
programmed to be between six and seven months in
the two trials. During the first cycle, a total of 692
milkfish and 124 mullets were stocked per pond with
similar stocking in the second cycle. Milkfish and
mullet fingerlings of between 2-8cm total length with
an average weight of 5-9g/fish were selected for

'71?.&# OP! "! #$%&! '(! )'*'$%+! ,-$.+%/! ,('%&!
#+#0!1$2! &2'+%+%/! (-0! #$%&! '%&! $30214$.! #+#0,!
($! 204+030! (-0! #$%&! $1! 05(2'! .'(02! '(! ,#2+%/!
-+/-!(+&0,!'%&!+%620',0!.'(02!056-'%/0!+%!(-0!
674(720!#$%&,8!
422

B(:3&#QP!"302'/0!.'(02!C7'4+(:!#'2'B0(02,!',!206$2&0&!+%!(-0!#$%&,!'(!,#2+%/!'%&!%0'#!
(+&0,!'%&!'302'/0!C7'4+(:!$1!(-0!$#0%!,0'!
Water quality parameters

Pond water

Surrounding Ocean

Neap tides

Spring tides

Chlorophyll-a (µg/l)

0.925±0.740

1.733±0.580

0.75±0.32

Calcium (mg/l)

0.019±0.020

0.0347±0.010

0.015±0.01

Total suspended matter(g/l)

0.0367±0.004

0.0398±0.004

0.0456±0.13

Particulate organic matter(g/l)

0.0335±0.004

0.0366±0.003

0.0426±0.06

5.75±2.530

6.592±3.580

5.25±2.36

BOD (MgO 2 /l)

0.7587±0.367

0.9622±0.693

0.2±0.34

Salinity (ppt)

27.382±0.120

34.667±3.270

32.58±0.11

pH

8.0783±0.065

7.445±0.022

7.52±0.12

Ammonia-N (mg/l)

1.243±0.780

0.5311±0.086

0.214±0.02

Phosphate (mg/l)

1.718±0.140

0.0382±0.008

0.153±0.04

Nitrite-N (mg/l)

0.0723±0.034

0.0196±0.003

0.017±0.21

Dissolved oxygen(mg/l)

stocking. However, a number of other fish entered in
with the tide as eggs through the screens but were
removed with hook and line and at sampling.
Sampling was limited to two times during the
capture period. This was mainly due to inadequate
techniques of capturing milkfish and mullets, lack of
efficient sampling tools, and the fear to cause frequent
discomfort to the fish as a result of very muddy
bottom. The proportion of sampling in terms of
numbers could not be obtained since few fish were
able to be caught at any one time and constant
9(5

movements in the waters could not be made due
increased turbidity with each movement.

I(.-&5$7"1#
Harvesting was done after 7 months in the first cycle
and 5 months in the second cycle. The whole pond
was drained of all the water in order to allow for
effective harvesting to take place. All the harvested fish
were grouped into their respective species (milkfish
and mullets) then separated into sizes and measured
for both total length and wet weight (Fig. 3).
Harvested fish were then sold to the local people at a
reasonable price to create awareness on the potential
for fish culture and mangrove conservation.
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A survey of the physical chemical parameters was done
in the sea water around the replicate culture ponds to
assess if there were any significant difference between
pond water and open sea water quality in sites and
tides. No significant differences in open water quality
were observed in the 3 replicate ponds (p = 0.478).
Table 1 gives a summary of average water quality
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Season

Parameter

Milkfish

Mullet

Wet

m ± sd (g)

81.3 ± 28.1

28.7 ± 6.9

117.8

30.4

Dry

max (g)
m ± sd (g)

262.5 ± 218.1

62.9 ± 31.9

650.5

150.2

!;=
!;<
!;$

max (g)

!
#?#$!
3458

#$#?$#@
3458

parameters recorded in the ponds (neap and spring
tides) and sea.
Wet months indicated lower mean temperatures
compared to dry months however not significantly
different (p = 0.078). One way ANOVA indicated
significantly lower morning temperatures in the pond
water compared to the afternoon (p = 0.05) (Fig. 3).
Pond water was generally neutral at neap tide pH 7.4
equivalent to that of the open sea pH 7.5 while it
became more alkaline at spring tide pH 8.1.
On average, dissolved oxygen was reasonably high
ranging between 5.8-6.6mg/l in neap and spring tides
(Table 1). ANOVA results showed that salinity of
water was significantly higher at spring tides (34.7ppt)
compared to neap tides (27.4ppt) (p = 0.05).
Chlorophyll-a was highly influenced by spring
tides in the pond increasing to almost double that
recorded in the neap tides a concept justifying the
importance of water exchange in the culture ponds
and the dependence on the natural productivity of the
mangrove system. Low levels of suspended organic
matter and particulate organic matter were recorded in
the pond systems, which lead to the low BOD
recorded in the ponds (Table 1).
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Milkfish growth was consistent over the study,
averaging 0.4 g/day in the first 120 days and almost
0.6 g/day from 121-217 days (Fig. 4). However
variation in growth rate among individuals was very
high: of the 7 individuals sampled, 2 fish with starting
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recorded in May. A relatively small collection peak was
found in December. Hardly any fingerling collection
for milkfish could be made in January and February
while a few were collected between July and October
(Fig. 6). Mullet fish fingerling abundance was
observed to be more abundant throughout the year
with limited occurrence between April and June and
in November. The abundance of the milkfish and
mullet fingerlings varied between and within sites with
no significant difference (p = .089).
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Milkfish (Chanos chanos) and mullet (Mugil
cephalus) were targeted for culture in this trial due to
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their tolerance to a wide range of water quality factors,
simplicity of feeding habits and adaptability to
crowding. The ability for crowding helps to capture
many species at a small point unlike the territorial
ones (Rice and Devera, 1998). In small scale
aquaculture, culture of species that are tolerant to a
wide range of water quality factors help to reduce
culture expenses; implying that it is best to select
species that are tolerant to fluctuations and extremes
of water quality like milkfish and mullets (Swift,
1985).
All the seed stocked were readily obtained from the
wild through seining but not from hatcheries. Even in
South East Asia where hatchery technology has been
developed (Lee and Liao, 1985), most of the culture of
this species is based on collection of larval and juvenile
fish from a capture fishery (Villaluz, 1986). Mosquito
nets being cheap and available locally were used to
seine milkfish and mullet fingerlings along the
mangrove channels both at low and high tides during
spring tides. Occasionally the milkfish and mullet
fingerlings were found in the pools of water within the
intertidal area at low tide and scooped with hand nets
for stocking.

weights of 24.8 and 25.3g grew to 80 and 370g,
respectively, over 217 days, while 5 fish from 2.8 –
5.4g initial weight grew to 34 – 115.3g over the same
period.
Both milkfish and mullet fish were observed to be
active during mid afternoon in hot sunny days. The
average growth rate for mullet fish was comparatively
lower than milkfish (p =0.05). The dry season
provided the highest significant growth rate for both
milkfish (1.21g/day) and mullets (0.29g/day)
compared to the wet season (p = 0.05) (Fig. 5). The
average weight of milkfish harvested during the dry
season differed significantly from that of wet season (p
= 0.05) however, with a higher standard variation in
the dry season (Table 2). The same trend was recorded
for mullets but with relatively small standard
deviations between the individual fish weights. The
maximum weight attained by the both milkfish and
mullets varied in the wet and dry seasons.

'7"1&.37"1#E))?..&")&#
The survey made for two years (2005-2006) indicated
that milkfish occurrence could be only reliable twice
in a year between March and June with a peak being
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been the cause of the fish kill that occurred in the
present study two days after heavy rains during wet
season that reduced salinity significantly to 25ppt.

Conversion of wetlands into aquaculture ponds has
resulted in increase of nutrients and organic wastes,
leading to general deterioration of water quality
(Mmochi et al., 2002). The water quality problem is
associated with both physical and chemical factors
such as high or low dissolved oxygen, high
concentration of nitrogenous compounds (ammoniaN and nitrate-N) and high levels of hydrogen
sulphide.

KI#("4#=%3*.*K%/33X(#
Most fish can survive normally in a pH range of 6.5 to
8.7 (Rice, 2003) while extremes of pH can be directly
harmful to the fish or increase the toxicity of a
number of naturally occurring ions or metabolic
wastes such as ammonia. In the current study, pH
levels were within the fish culture levels (7.0 to 8.5)
while increasing as the day matures. There was a clear
difference in pH between neap (8.07) and spring
(7.44) with higher values being recorded at neap in
the mornings and afternoons. There was a general
increasing pH from morning to evening which is
associated to photosynthesis during the day that used
up carbon dioxide thus facilitating the release of
carbonate ions from calcium carbonate (Boyd, 1992),
but the levels were okay for milkfish culture. The
levels compared well with the values found in the
mangrove channels (7.52) where no fish were being
cultured however, the afternoon pH was comparatively
low compared with the ones recorded by Mirera
(2000) in the Tilapia ponds where artificial fertilizers
were used. Waters that are in the range of pH 6.7 to
8.0 at day break and 9.0 to 10.0 by late afternoon are
considered the best for fish production.
Chlorophyll-a, is an indicator of primary
productivity in the pond. High chlorophyll-a, indicate
good primary productivity in the ponds to warrant
high fish production. Mean values at neap were lower
(0.93 µg/l) than spring (1.73 µg/l). The recorded
results in these research study were higher compared
to those by Mirera (2000) at Sagana in his studies of
phosphorus fertilization where a high correlation was
observed between fish standing crop and chl-a.
Consequently, they were much lower than those
recorded by Boyd (1992) at Auburn University.
Measurement of chlorophyll-a levels in water within
the mangrove channel (0.75 µg/l), revealed that the
pond had higher levels and hence likely to be more
productive.

B&NK&.($?.&#("4#;(37"7$/#
Milkfish do not inhabit areas of the Pacific Ocean
influenced by cold currents but they do occur in seas
affected by warm ocean currents. Their distribution
coincides with coral reef areas where the water is warm
(more than 20 oC), clear and shallow (FAO, 1987).
Temperature was not observed to be a problem in
the milkfish and mullet culture ponds since it varied
from 24 oC to 33 oC during wet and dry seasons. It was
significantly higher during the dry season (27.1oC 31.2 oC) compared to wet season (25.7 oC -28.2oC).
Therefore temperature was not a limiting factor to
growth as argued by Roberts (1964). Based on the
argument by Rice (2003) that warm water fish species
grow best between 25 and 32oC, the recorded water
temperature in this study was appropriate for fish
growth.
Higher salinity influences solubility of oxygen in
water, resulting in decreased dissolved oxygen
saturation in the water. Fish get adapted to specific
salinity regimes and become stressed when there are
rapid changes (Rice, 2003).
In the current study
salinity was significantly high at spring (mean
34.7ppt) compared to neap tides (mean 27.4ppt). This
was a clear indication of the tolerance needed for the
culture species for effective culture process. The
recorded salinity level falls within the range of salinity
in the marine environment and was not expected to
cause any stress in growth of cultured fish and mainly
tolerant species like milkfish and mullets (Lee and
Liao, 1985). However, it has been pointed out that a
salinity difference of only 5mg/l (ppt) can be lethal to
some fish (Boyd, 1990; Rice, 2003). This might have
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nitrite levels were recorded in neap tides compared to
spring tides possibly because of reduction in water
level by evaporation or higher amount of organic
matter in the system due to higher lablab
accumulation and decomposition (Neori et al., 1989;
Hall et al., 1992). The nitrite levels were also well
controlled within limits since there was no much
variation in pH which is a contributory factor to their
increase.
Total Ammonia Nitrogen (TAN) is composed of
toxic (unionized) ammonia-NH3 and non-toxic
(ionized) ammonia-NH+4 but only a fraction of the
TAN is in the toxic form. Dangerous short term levels
of toxic un-ionized ammonia which are capable of
killing fish over a few days start at about 0.6mg/l. The
total ammonia nitrogen (TAN) recorded in this study
were ranging between 0.53 – 1.24mg/l far below the
individual toxic component of un-ionized ammonia
(0.5 -2.0mg/l). However, there were significant
differences in ammonia nitrogen between spring and
neap tides indicating the importance of water
exchange in a pond systems to help in pond self
regulation. The amount of ammonia excreted by fish
varies with the amount of feed put into the pond,
increasing as feed rate increases. Ammonia also enters
the pond from bacterial decomposition of organic
matter such as uneaten feed or dead algae and aquatic
plants (Darborow et al., 1997) which could have been
the main contributory factors in this study since no
feed was used.

Dissolved oxygen is one of the critical parameters of
concern with any kind of aquaculture system,
therefore calling for proper monitoring of its dynamics
in small scale pond aquaculture where aerators are not
applicable. Dissolved oxygen levels in this study were
between 5.75 and 6.59mg/l which did not have any
significant difference with the surrounding sea water.
However, mortalities (fish kill) were observed
following two days of rainfall in the Kwetu and
Majaoni ponds during the wet season that was
associated to stratification of water forcing fish to gulp
for air on the surface in the early morning which was
hardly enough (less than 0.9mg/l) due to still air
(Rice, 2003). Dissolved oxygen (DO) levels were
relatively high in the pond in the early morning of
spring high tide (2.85 -4.1mg/l) and afternoon (7.58.3 mg/l). The neap tide dissolved oxygen variation
was between 3.25 -3.75mg/l in the morning and 8.6 –
11.15mg/l in the afternoon. While the morning values
were similar to those obtained by Mirera (2000) in his
phosphorus experiments, afternoon values were far
much lower in the current study which explains the
difference of artificial and organic fertilization.
More dissolved oxygen was recorded in the ponds
during spring tides than at neap tides which could be a
result of temperature, salinity, chlorophyll-a and
atmospheric pressure (Batiuk, 2002). According to
Boyd (1990) and Rice (2003), an artisanal fish pond
should have sufficient oxygen levels to support fish all
the way to the bottom. However, fish selected for
culture in artisanal ponds should be tolerant to low
dissolved oxygen a case which was observed for
milkfish and mullets in the current study.
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Phosphates were observed to be significantly higher
during the neap tides (1.72 mg/l) compared to spring
tides (0.038 mg/l). This was associated to the dilution
effect of water from the open ocean at spring tides
while higher neap tide values could be a result of
phytoplankton breakdown and release of phosphates
from the sediments (Welch, 1980). The available
phosphate levels were above the required values for
earthen culture ponds 0.001-0.05ppm (Knud-Hansen,
1998). Hence an indication that soluble reactive
phosphorus was not limiting in the pond. Meaning

D7$.7$&#("4#>NN*"7(XD#
The level of nitrite (toxic component of nitrogen) in
the culture ponds was relatively low (0.0196 0.0723mg/l) compared to what is expected in
aquaculture ponds. This can be associated to the fact
that no feeding was used during this experiments
which could have increased the amount of nitrogen in
the water (Darborow et al., 1997). Significantly higher
427

that nitrogen was well utilized in these ponds due to
availability of phosphorus, since nitrogen full use may
be hindered by deficit of phosphorus.
Calcium concentration in the pond was similar
both at spring (0.035mg/l) and neap (0.019mg/l) tide.
The difference could be associated to water
replenishment in the pond during spring high tides
leading to increase in calcium.

the dry season is due to abundance of lablab which is
the main feed item. It has been observed elsewhere
that Lablab is equivalent to the benthic algae (FAO,
1987) and leads to high milkfish production compared
to the other methods (Lumut and plankton). Lumut
(filamentous green algae especially Enteromorpha sp.
and Chaetomorpha sp) yields are below 400kg/ha,
while lablab method yields average 1000 to 2000kg/ha
possibly why the milkfish growth in the present study
was high in the dry season with abundant lablab
unlike in the rain season with abundant lumut.
During the rainy season, lablab disintegrates and
lumut and/or plankton becomes part of the main
natural food base and yet their support to faster fish
growth is limited (Banno, 1980).
It was observed that milkfish intensified feeding
during mid-afternoon in a hot sunny day when lablab
started peeling off the pond bottom to float fostering
active surface feeding by fish. The observation was also
echoed by Kumagai et al., (1985) and Chiu et al.,
(1986) “Feeding activity peaks at midday and in the
afternoon when dissolved oxygen, water temperature
and digestive enzyme activity are highest”.
Studies carried in Asia suggest that harvesting of
milkfish is done usually when the fish have reached an
average of 300 to 800 g body weight. While pond
yields have reportedly ranged from 50 to 500 kg/ha/
year (Bardach et al., 1972). The present study
harvested milkfish at an average of 82g during the wet
season and 263g in the dry season with some of the
fish having individual weight of up to 650g
concurring well with studies recorded by Mwaluma
(2003). Mullets were harvested at a relatively lower
average weight of 29g and 63g during wet and dry
season respectively. There was a generally uniform
growth of milkfish during the wet season suggesting
that feed availability and water quality parameters
impacted all fish sizes equally.
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Total suspended matter and particulate organic matter
are important factors in limiting primary productivity
in the culture ponds if their level is too high. The two
parameters were noted to be low and of less
consequence in the fish culture trials. The values were
observed to be low at both spring and neap tides (0.03
to 0.05). Higher levels of total suspended matter was
during spring signifying the particles coming in with
tidal water and uplift of settled materials at the
bottom of the pond due to falling of tidal water from
inlet pipes. The result indicated low impact of these
factors on primary productivity in the pond, hence,
less likely impact on fish yield.

F/"(N7)5#*+#'75%#S.*T$%#
Milkfish take food mainly from the substrate. They
ingest the surface layer of the substrate together with
the associated micro-and meio-fauna (Blaber, 1980).
Pond reared milkfish feed mainly on either lablab (a
complex mat of blue green algae, diatoms and
associated invertebrates) or lumut (mainly filamentous
green algae). The study observed that milkfish and
mullet growth rates were significantly higher during
the dry season compared to wet season. This
observation is supported by Guanzon et al (2004) who
found out that production of milkfish was higher
during the dry season. Growth rates of milkfish were
positively correlated with temperature and salinity,
while net production rates were positively correlated
with temperature and rainfall, but were inversely
correlated with dissolved oxygen.
The higher growth rate of milkfish and mullets in
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The spawning cycle of milkfish has been observed to
be seasonal and varies with localities. Based on the
annual occurrence patterns of milkfish fry, the
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breeding season of milkfish has been described to be
long near the equator and becomes progressively
shorter with a single peak at higher latitudes in the
northern hemisphere (Kumagai, 1984). Kenya being
near the equator, the present survey indicated that
milkfish occurrence could be only reliable twice in a
year between March and June with a peak in May and
a relatively small peak in December while mullet fish
occurrence was throughout the year with limited
occurrence between April and June when milkfish
abundance is expected to be highest. Observations in
the Philippines indicate that, milkfish fry occur
practically throughout the year with the peak season
being April-July and October-November (Villaluz,
1986) while Indonesia has two milkfish fry seasons:
April-June and September – December (Chong et al.,
1984) that ties well with observations made in the
current study. The observations on milkfish fingering
occurrence along the coast of Kenya is also supported
with records of FAO (FAO, 1987).
Both milkfish and mullet fingerlings in this study
were collected during periods of spring high tides. The
fish were seined with push nests in the mangrove
channel water pools at low tide. In Philippines,
milkfish were observed to enter a mangrove lagoon
fortnightly with the high tides of spring tide periods
where they grow into juveniles before leaving the area
with the high tides (Kumagai et al., 1985). The
observations also concur with those of Kumagai,
(1987) that fry were collected during the new and/or
full moon period because intense spawning occurs
during the quarter moon period however; total fry
catch showed annual fluctuations due to such factors
as climate and fishing efforts.
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The coastal environment and natural resources along
the Thailand coasts, including mangroves, coral reefs,
sea grass beds, and beaches, are heavily used for a
number of human activities such as tourism, industrial
and infrastructural development, fisheries and
aquaculture to name a few. Coastal zone development
has largely been carried out in a haphazard way,
creating a negative impact on the environment as well
as on coastal communities, causing habitat
degradation, pollution and conflict over resource use,
all of which have broader social implications. There is
an urgent need to conserve the coastal resources and
address the issue of effective coastal zone planning and
management.
One of the main underlying causes of
inappropriate coastal land and sea use is an inadequate
knowledge of coastal resources and sustainable use by
the general public and the administrators of coastal
communities. Teachers are a valuable human resource
in transferring knowledge and creating awareness on
environmental issues and sustainable use of natural
resources to younger generations as well as
communities. Providing access to knowledge through

local schoolteachers is considered an essential path to
implanting knowledge in society for the long term.
Periodic training of teachers on environmental
issues has been carried out in the past by various
government and nongovernment agencies. However,
often teachers have received some additional
knowledge on the subject matter, but not effective
teaching tools to be used. Since teachers have many
responsibilities through their regular work at schools,
most do not have time to set up or update their own
teaching curriculum with any regularity, and only
some innovative teachers can apply new knowledge for
their own use. Thus most past efforts on teacher
training have only partially succeeded in providing
improved knowledge to the younger generations.
The objectives of this project were to develop
teaching manuals for teachers, to be used in school as
a key component of teaching activities, and provide
training activities in order to improve the teaching and
learning process. The expected outcome is to increase
awareness and a sense of ownership of marine and
coastal resources among children in coastal
communities of the Andaman Sea.
Activities covered development of curricula and
teaching manuals on coastal and marine resources and

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
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their management for primary school (year 4-6) and
secondary school levels (year 7-9), and conducting
training workshops for teachers at both levels. Figure 1
shows some photos from the development of teaching
manuals and training activities.

materials were carefully reviewed by an advisory
committee that included the educational supervisor of
Phuket, an expert on coastal resources, and senior
lectures from PRU, to ensure that the manuals were
factually correct and contained up to date
information, and in agreement with the Ministry of
Education’s basic education curriculum. The manuals
were finalized through extensive consultation with
teachers.
The teaching manuals on coastal resources and
management for primary school and secondary school
level comprise 6 volumes: 1. Coastal environment; 2.
Coral reefs; 3. Mangroves; 4. Sea grass beds; 5. Sandy
beaches and rocky shores; and 6. Beach forest. The
manuals contain a wealth of information on each
subject matter, and provide guidance on identifying
questions, finding and evaluating information, report

:"5"6,<=")0',+'4/&&($/6#'#).'!"#$%()*'
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A working group was established for the preparation
of curricula and teaching manuals on coastal resources
and management, comprising lecturers on marine
environment and education from Phuket Rajabhat
University (PRU) as well as a number of experienced
and innovative teachers in Phuket District. A series of
meetings and workshops were held to source input,
define outline and formats, and draft manuals. The
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presentation, how to subsequently apply knowledge,
and suggestions for further inquiry in related subjects.
In addition, they include information on the teaching
and learning process, sources of additional
information, and a section on evaluation and
assessment with tools and criteria provided.
By emphasizing students as the learning center
(Darling, 1994, Brandes, 1992) the manual for
primary school level seeks to promote a dynamic and
participatory learning environment. The aim is to
create awareness and a capability of learning starting
with simple knowledge that relates to the students’
living environment. The manual for secondary school
level emphasizes processes by which students create
their learning activities through an inquiry cycle, using
subjects relevant to their surrounding environment

(Fennimore, 1995, Lang, 1995). The teaching
manuals comply with Ministry of Education directives
and formats.

!&#()()*'@,&A3%,<3'+,&'!"#$%"&3''
Two teacher-training workshops were held; for
primary school level from 17-20 October 2006 and for
secondary school level 20-23 November 2006. About
40 teachers from schools in Phuket and Phang-nga
provinces attended each workshop. The workshops
comprised lectures, field exercises and activities
identified in the teaching manuals. Group discussions
and exchange of information and opinions were
included. Assessment on the satisfaction of the
outcome of the workshops is shown in Figure 2. The
level of satisfaction with the training was high, with over
437

project has been made possible through financial
support from CORDIO. The coordination of Dr.
Hansa Chansang and assistance of experts, advisors
and lecturers both from PRU and PMBC in providing
knowledge for the manual preparation and
participation at the workshops was highly appreciated.
Thanks are also extended to the administrators of
participating schools in the project in allowing and
encouraging the teachers to participate in the
activities. The cooperation and enthusiastic
participation of all teachers are highly appreciated.

80% of the participants rating all items assessed in the
“highest” and “high” level of satisfaction categories, with
the exception of the duration of the training which some
felt was too short (“highest” and “high” ratings were over
75%, though). Most importantly there was a general
agreement among participants that the subject content of
the manuals was appropriate.

4984D;E798'F8:':7E4;EE798''
The results from the course and material assessment as
well as comments received through group discussions
with teachers indicate that the teaching manuals are
suitable for coastal resources in the area and welcomed
by teachers. The manuals can be used in real classes as
everyday guidance as well as for special projects and
initiatives, they are suitable for the class levels that
they target and especially useful in how they stimulate
the students’ learning abilities. They also are
appropriate in view of the basic education standard set
by the Thai Ministry of Education. All teachers
participating in the training workshops agreed to use
the manuals in their teaching activities.
It is recommended that further training workshops
are carried out, and also extended to include teachers
in other provinces along the coast of the Andaman
Sea. With more input and feedback from teachers,
improvement and expansion of the teaching manuals
can be carried out to cover all subjects on coastal and
marine areas. Materials targeting students that link in
with teaching materials may also be produced.
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education program was carried out in association with
coral reef surveys.

The coral reefs around the Andaman and Nicobar
Islands have been the main source of livelihood for the
islanders over many years. Traditional experience and
wisdom passed down over generations, in combination
with restricted entry into Tribal Reserves, ensured that
fishing practices remained traditional and sustainable
over long periods of time.
However, the earthquake and tsunami in 2004
were followed by abrupt displacement of local
communities, succeeded by economic, material and
social intervention in several parts of the Andaman
and almost all of the Nicobar Islands. This disruption
in the pattern of life of the population has led away
from traditional practices. Changes in coastal
topography, temporary changes in distribution of
resources, shift of dwellings from the coast and
scarcity of equipment to access open waters have made
communities fish in inland creeks, even during fish
breeding seasons. Protracted stay in transit camps,
monetary aid and free food and aid rations, much
needed in the aftermath of the tsunami, have also built
up inertia among displaced communities to resume
traditional ways of life.
To increase our understanding of these changes
and to seek possible solutions, an awareness and

!?!5$8$@@#05<A5!B#
Living with local communities during coral reef
surveys enabled us to design and carry out awareness
campaigns addressing local priorities and needs. The
overall focus was sustainable fishing practices and the
principal threats to coastal resources, and changes in
distribution of resources. In the Andaman Islands,
where reefs are still recovering from the damage
sustained, particular emphasis was placed on
minimizing threats such as sedimentation and
pollution from effluents. As the submergence of reefs
actually led to the depletion of resources in the
Nicobar Islands, the focus was on optimizing the
chances for resource revival and seeking alternatives.
Seventeen villages in the Nicobar Islands were
visited, and over 2500 villagers participated in
awareness events. Often village elders interpreted the
event in the local language, and participation of
Village Captains, Priests, Heads of Tribal Councils
and entire families in these sessions facilitated an
extended percolation of the message in the region.
Video material was used extensively for the education
and awareness program. This included footage

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
http//:www.cordioea.org
439

obtained during our surveys of the islands, as well as
some clippings from films such as the BBC
documentary Blue Planet. Film clips showcased the
biodiversity of reefs, ecological processes, resource
dynamics, as well as threats, impacts and their
implications. In 8 villages electrical power was not
available and the awareness program focused on
interaction and discussion with communities, aided by
pictures and illustrations on marine biodiversity.
Finally, in 3 villages in the Andaman Islands,
experiences were also shared with officials of the
Department of Environment and Forests (from Forest
Rangers to the Principal Chief Conservator of
Forests), and Officers of the Andaman And Nicobar
Administration in Port Blair

the traditions of older generations, especially in the
current context of changed ecological and socioeconomic conditions.
In addition to educational and awareness activities
the program made some interesting observations.
Traditional fishing practices in the Nicobar Islands
previously included a traditional tenure system,
governing ownership and use rights of territorial
waters of even a single house or a large hamlet
adjacent to the sea. It appears this system has been
eroded, and post-tsunami resource consumption
patterns and emerging fishing practices need to be
studied and documented in order to identify the true
extent of the impacts of the tsunami and earthquake as
well as mitigate negative implications.
In the Andamans, it was observed that many
reconstruction activities were being carried out in a
rather haphazard way, often without consideration to
environmental impact. This includes e.g. utilization of
sand from beaches, which could alter beach profiles
and stabilization processes after the major
perturbation. Further, construction of seawalls and
barriers to prevent seawater inundation of specific
areas is also preventing tidal movement, which may
cause seawater inundation elsewhere, in areas that
were not inundated by the tsunami. Cutting wood and
vegetation on hills may also have an adverse impact on
the reefs due to increased sedimentation during
monsoons. It is unfortunate this should still continue
as it has long been known to be among the major
threats to reefs in the area.

<C@$5D!;:<8@#!8=#:8E$5$83$@#
The experience of living among the island community
was enriching, allowing us to learn first-hand about
the culture, hospitality, sensitivity and innate curiosity
of the villagers. It also made possible a two-way
exchange of information and knowledge, which is
essential to bring about a synthesis of traditional
wisdom and scientific understanding that can support
development in these communities, with minimum
intervention in lives and culture while ensuring
sustainability. However, this requires a long time of
continuous contact and dialogue. It is clear, though,
that the type of informal educational interactions
organized under this program can facilitate this, and
will help in bridging the gap between the youth and
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Environmental education (EE) and awareness are
important tools in conservation and sustainable
development. EE is a process through which
information, skills and experiences are shared to
empower target groups with knowledge that is
translated into positive attitudes and values about the
environment and hence an ability to make prudent
decisions with regard to the conservation and
sustainable use of natural resources. A teachers’
training program in EE has been established in
Mombasa, starting in 2003, with assistance from
ProZim, a Swiss NGO, CORDIO (Coastal Oceans
Research and Development Indian Ocean) and other
donors. Since 2003, 41 teachers from 28 (13 urban
and 15 rural) schools have been trained. Minor
differences have been observed between rural and
urban school teachers while ranking importance of EE
topics. For example, in 2005, methods of transferring
EE received the same ranking from both rural and
urban teachers; ecology topics received a higher
ranking from rural teachers while environmental
management topics were ranked higher by urban
teachers. This report highlights similarities and
differences in ranking importance of EE topics, with
possible reasons as well as challenges faced by the
teachers in transferring EE.

The Teacher Training concept is adapted in Kenya to
meet the Kenyan marine and coastal resource
conservation and management needs through
partnership with the Mombasa Municipal Education
Office and other institutional stakeholders.

Obura, D.O., Tamelander, J., & Linden, O. (Eds) (2008). Ten years after bleaching - facing the consequences of climate change in the
Indian Ocean.CORDIO Status Report 2008. Coastal Oceans Research and Development in the Indian Ocean/Sida-SAREC. Mombasa.
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In Kenya, the primary school curriculum is
generally devoid of EE, despite the reliance of people
on natural resources for food and livelihood security.
The teachers’ training program in EE helps to fill this
gap by training primary school teachers on aspects of
EE ranging from marine and terrestrial ecosystems to
methodologies for effective EE knowledge transfer.
The training program is carried out through a weeklong seminar for 10-15 teachers comprising lectures,
discussions, excursions, practical activities and project
planning. Case studies for the program are drawn from
Haller Park, Mombasa Marine Park and previous year
school projects. After the training, teachers implement
projects of choice with students through relevant
clubs, incorporate EE examples during class lessons
and mentor another teacher prior to certification. In
addition, follow-up is conducted after the training by
linking to learner programs such as “Schools to the
Sea” program which offers practical learning
opportunities.
The “Schools to the Sea” program promotes greater
marine ecology awareness focusing on mangroves, sea
grass and corals. It is the result of a collaboration
involving CORDIO, ACTS (Assist a Child to School),
Buccaneer Diving and Voyager Hotel with funding
from Project AWARE and CORDIO. The program
targets schools closest to Mombasa Marine Park and
has given opportunity to more than 300 pupils and 25
teachers from 9 schools to appreciate the magnificence
of the ocean since its commencement in 2006.
“Schools to the Sea” is conducted through structured
lessons incorporating indoor and outdoor activity
including discussions, lectures, art and poetry
expression and a component that comprises of guided
excursions.
The 2006 Teachers Training Seminar in
Environmental Education was the fourth since
inception in 2003. Thirteen teachers from 13 primary
schools in 4 districts attended, bringing the total
number of teachers trained since 2003 to 41. Two
environmental education officers and a turtle
conservation group member have also attended the
seminar in 2004 and 2005 while 3 teachers have

attended the full seminar twice and several have
returned to attend some sessions to share their
experiences. In the first two years facilitators
participated from a supporting Swiss NGO while in
the last two years guest facilitators from local
institutions have handled technical topics. This has
been useful in adapting to local needs and developing
a support base for the program.
The aim of the seminars is to build the capacity of
teachers to become responsible natural resource users
who have an impact on pupils, fellow teachers and the
local environment. The objectives are:
1.To increase the environmental capacity of those
teachers to pass relevant and correct knowledge and
experience to their pupils;
2.To expose the teachers to different methodologies
that are effective for EE knowledge transfer;
3.To provide a forum for teachers to interact.

!(6>;<5'
English is the main language of communication.
Topics in environmental education (EE) theory are
initially covered followed by ecology, transfer
methodologies and environmental management. EE
theory includes introduction to the environment,
evolution of EE and case studies from other countries.
Ecology topics covered are Haller Park, corals, sea
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grass and mangroves. Transfer methodologies shared
are indoor and outdoor games, excursions and teacher/
pupil project. Environmental management topics
covered are tree planting, tree nurseries, waste and
pollution as well as recycling opportunities such as
paper maché making.

EE theory is led by a facilitator who encourages the
participants to be at ease for the transfer
methodologies and environmental management topics
which are carried out through group sessions,
discussions and presentations. Ecology topics are led
by technical experts in each particular field.
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A pre-seminar questionnaire is used at the start of
the seminar to determine the level of exposure
participants have in environmental matters and a post
seminar questionnaire handed back on the last day
summarizes the participants’ perceptions on all aspects
of the seminar. Daily evaluations are used to
determine relevance, level of importance and get
suggestions for improvement regarding different topics
and how they were covered on each day. Follow-up
projects commence in the subsequent school term, in
collaboration with partner organizations where
possible.
Questionnaires and daily evaluations have been
used since 2003 although results and discussion in this
paper on relevance of topics ranking is based on 2005
and 2006.

importance (in descending order) as planning a
project, introduction to the environment, effective EE
in class, excursion to Marine Park, sharing
experiences, indoor games, overview of EE, outdoor
games, coral reefs, history of EE and sea grass.
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In 2005 rural teachers ranked theory topics such as
history and overview of EE and ecology topics such as
mangroves, corals and sea grass as more important
while
urban
teachers
ranked
environmental
management topics such waste management as being
of higher priority. This changed in 2006, with rural
teachers ranking environmental management topics
like waste management, paper mache making and
nursery management higher than their urban
counterparts who gave greater priority to EE transfer
methods like effective EE in class, sharing experiences
as well as indoor and outdoor games.
This difference could be attributed to the
characteristics of participating teachers. In 2005, most
of the rural teachers attending had existing clubs in
their schools and ongoing environmental projects
whereas their urban counterparts did not have any
environmental interventions in their schools. The
rural teachers were thus more interested in deeper
understanding of the history of EE and comparison
with other areas and ecology topics. Urban teachers in
attendance were at the time more interested in
intervening in their schools to provide solutions to
challenges such as waste management.
In 2006, participating rural teachers had clubs in
their schools but no ongoing projects; thus explaining
their interest in potential projects. Most urban
teachers attending had been involved in the “Schools
to the Sea” program (which incorporates learning,
guided excursions and student expression through art
work) and were keen to improve on EE transfer skills;
thus explaining their interest in those topics. Due to
their involvement in the “Schools to the Sea” program,
these teachers had received more exposure to ecology
topics.

7(5=C65''
Of the 41 teachers trained since 2003, 51% were male
and 49% female, while 59% were from rural schools
and 41% urban.
The first seminar had fewer
participants, but since then a relatively consistent
gender and rural/urban balance has been maintained.
In 2005, out of 13 topics, 2 topics received similar
ranking from participants, 7 were ranked more
important by rural teachers and the remaining 4 were
ranked more important by urban teachers (Fig. 1).
Similar ranking was given to the excursion in Haller
Park and to the importance of using EE in class. Rural
teachers gave a greater importance to (in descending
order)- Marine Park excursion, history of EE, overview
of EE, animal descriptions, mangroves, coral reefs and
sea grass. Urban teachers gave a greater importance
to (in descending order)- introduction to the
environment, waste management, sharing experiences
and planning a project.
In 2006, out of 16 topics, 11 were ranked more
important by urban teachers and 5 as more important
by rural teachers (Fig. 2.) Rural teachers ranked (in
descending order)–waste management, excursion to
Haller Park, paper mache making, mangroves and tree
nursery management. Urban teachers prioritized
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Another concern raised by the teachers was the
limited time available for extra curricula activities
especially in schools where there is greater emphasis on
academic performance. This concern is linked to that
of inadequate support from the school administration
and fellow teachers as a result of the perceived
secondary importance of extra curricula activities. All
teachers agreed that support from the school
administration plays a key role in alleviating the other
challenges including limited knowledge, time and
fellow teachers support. It is thus important to make
school administrators aware of environmental
challenges and the significant role they play in
supporting their teachers and students in solving
environmental challenges.

In 2005, the Haller Park excursion received similar
ranking from both rural and urban teachers unlike the
Marine Park excursion which was more prioritized by
rural teachers potentially because both categories of
teachers had some awareness of the terrestrial
ecosystem, while the marine ecosystem was more
familiar to rural teachers, many of whom live and
work in villages with fishing communities. At the same
time, both categories recognized the importance of
effective EE transfer through the classrooms and
accorded the topic similar ranking.
The similarities and variations in ranking of
importance shows the relationship between basic
information and how the level of awareness further
impacts on the desire to learn more and intervene in
providing solutions to local environmental challenges.
The challenges highlighted by the teachers in
transferring EE were similar among rural and urban
teachers. These include inadequate knowledge
concerning environmental matters such as ecology,
background and history of EE; options for
interventions, and more significantly how to
effectively transfer the EE knowledge acquired using
the limited time and financial resources available to
them. Both categories of teachers were concerned
about inadequacy of resources for practical activities
such as excursions and project materials, for example
acquiring seedlings and necessary implements in the
case of tree planting.

381:;DC(<E(!(:65'
In addition to ProZim and CORDIO the teachers
training program has received financial support from
Lafarge Eco Systems, International Ocean Institute
and Watamu Turtle Watch. Technical topics have
been facilitated by Dr. Jacquline Uku and Dr. James
Kairo. Guidance and support has been provided by
Dr. David Obura and Kathrin Futter while Violet
Njambi has been instrumental in follow-up of
teachers.
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