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Abstract Whilst the impacts of indusél fishing are widely recognised, artisanal fishing
pressuresn coral reef ecosystenrsdeveloping countrieare g@erally considered more
benign.The Comoros is a country with extremely high marine biodiversity, however
increasingishing intensityfrom a population largely dependent on subsistence figluags

a threat to the benthic communities, invertebrates and fish compositions of coral reefs. To
determine the impact @frtisanafishing methods on reefs in the Comoros, this study,
performed in onjunction with Community Centred Conservation (&8ught to assesise
effects of artisanal fishing impaats the status of reefs in two villages on Grande Comore.
Transects and underwater visual censuses were performed to document substrate structure,
invertebrate densities, and fish family compositions, whilst data on fisher numbers was
collected through key informant interviewntential impacts linked to fishing pressurere
observed in elevated levels of recently killed coral, increased sea deagities and shifts in
size compositions of targeted fish speciédss small scalestudyalsointended to servas a

pilot for C3 to implemena broademonitoring scheme for coastal villages in the Comoros.
Challenges arisen from the pilot survey tate issues such as the budget required, data collection
methods, and safety of personnel need to be considered before designadea scalenonitoring
program.

Tant que és impacts de lpéche industriellsont bien connu, il y a moins de rechesher les effets
de lapécheartisanale sur leécosystéemedegécifs coralliensLes Comores sont un pays avec
beaucoup dbiodiversitt marine ddéai | | eur s i | eé&hewstde subsistangerqa n d
constitute une menace aux commuegautes poissons et legvertébréglesrécifscoraliens. Pour
enquéteces impactes dans les Comores, agtitele en collaboration avec Community Centred
Conservation (C3) analysdes effets de lageche artisanale dans deux villages sur Grande Comore.
En utilisant des &msects et des recensements spasnes, nous avorcumentéles compositions
des poissonsdes coraux etlesinvertébrésLe nombrede pécheirs dans chaques villages a été etabli

par desentrevues avec les principaux informatedans chaqgues villagkes impacts négatifssur les
coraux ont été découverts dans les niveau élevées des coraux recemments tués, les numeros des

oursins, et lestailles des poissons ciblées par des pecheurs. En outre, cetteenquétea été réalisépour
servir comme une étudepilote pour C3 pour mettreen u @ un programme de surveillance pour
plusieurs villages aux Comores.
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1 Artisanal Fishing in the Comoros: An ntroduction
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There is increasing evidence to suggest thegamal fishingnethodpose a threat tthe benthic
communities, fish composition and invertebrataesites of corateefs in developing countries
(Hawkins and Roberts 2004, Jones and Gray 2009, Rus¥ ZB@2Comoros is an island nation
in the Mozambique Chann@dee Appendix A)andalthough its habeen identified as a country
with extremely highmarinebiodiversityandone of the largest areas of coral reefs in the Western
Indian OceanAhamadaet al2008, large portions of thgrowingpopulation depend on artisanal
fishing for sbsistencgStobbs and Bruton 199placing increasg pressure on coral reels
addiion, the reefsof the Comorosire being threatened laythropogeniémpactsfrom destructive
fishing practices, coral extraction, and pollut{tfiNEP 2000) Management of these reefs has
been severely limited as the Comostisves to tackle more than ttyiryears of political unrest
rendering international conservation efforts extremely diffidul to a lack of infrastructure
(UNEP 2002. To date, very little research has been conducted on the statecofdhia the
Comorosand monitoring schemsepeformed on the islandslentifying the impacts of
anthropogenic pressumgcluding artisanal fishing techniques on coral réefge been minimal

(Post 2007)

This study, conducted in conjunction with Community Centred Conservationd@R§z0
aiding corservation of marine biodiversity in the Western Indian Oceasconductedvith the
aim ofidentifying potentialimpactsof artisanal fishing techniques on the stateahl reefs near
coastal villages in the Comord33 intends tormplementa reef monibring programin which
villagers canassess the condition of their reefs anllibe capable oEonducing community
based managemeiat minimise impacts on the red@there were therefore twesearctguestions

that | intendedhis project to answer:

RQ1: Are artisanal fishing practices having an impact on the state of the coralineafastal

villages on Grande Comore?
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RQ2: Whatare the main challenges involvedimplementinga long term monitoring program

for coastal villages in the Comor@s

In orderto assese Gtat@dof the reefsthisstudyanalysed theurrentsubstrate conditions,
invertebratedenstiesand fishfamily compositions otwo fringing reef adjacent to human
settlements orande ComoréSee Appendix A)Artisanal fishing impacten the state of the
reefswere asessedyy collectingsocioeconomic datancluding intensities of each type of fishing
method employed in coastal villagesdthetechniques used by village associations to
implementcommunity basedhanagement of their eés The aims of this study were tauth

devise and conduct a small scpi®t project that would survey tHevels of fishing pressure and
the stausof two reefs orthe Grande Comoregnd in doing so evaluate the plausibility of

developing a long term omitoring progranfor coastal villages the Comoros.
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2. A Review of the Literature
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2.1Soco-Economic Conditions in the Comoros

The Comoros is composed of three volcanic islands (Grande Comore, Biathéinjouan)put

in contrast to its vagcological wealthit is one of the poorest nations in the waitkdit haseen
politically unstable sincés independence from France in 19The culmination omore than 20
successful or attemptedupd 6 ® bnahe three islandsave resulted in a country suffering from
a lack of infrastructure, uncontrolled demographic growth, and corrupiid&®R 2002. The
average national level of unemployment is estimatdd 8% (Union des Comores 2007
instigating hidn levels of povertyasGrande Comore experiences a household poverty rate of
34%, whilst Anjouan and Moheli have considerably higher rates of 61% and 56% respectively

(Union des Comores 20856

An annualpopulation expansion of 2.1#@joumoi 2007 is regarded as key factor causing
environmental degradation in the Comoassevere deforestation, owishing, and

sedimentation run off are all consequences of increasing demands from human pressure on the
islands (Duraiappah 1996). Deforestation is neagensive in Anjouan, the island with the highest
population density, with only 13% of natural forest remaining (UNEP 2002). There is also a
distinct lack of waste management, with very few urban areas having any kind of sewage
treatment or waste. As asidt, waste is often discarded directly into the sea, contaminating

ground water and the marine environméiNEP 2002.

2.2 Impacts of Artisanal Fishing on Coral Reefs

Whilst the effects of commercial fishing are widely documented, threats to marirysteces

from artisaml fishing techniques in developing countries are generally less considered (Hawkins

and Roberts 2004, Jones and Gray 2009). Coll ap
degradation obenthic communiésfrom methods such as trawdjrand dredging (Collie et al

1997, Watling and Norse 1998) are among the examples dé#taictivampacts of industrial
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fishing, yet in comparison, artisanal fishing (srsale, largely traditional techniques) are
frequently deemed less harmful. Tgport this viewDalzell (1998) concludes that

archaeological records frogeverakoral reefssites in thePacific have revealed little or no

impact from artisanal fishgover the last thousand yeavghilst many marine parks across the
world allow localfishers to continue artisanal fishing, (including Beerc Marin de Mohelin the
Comoros) there is increasing apprehension that subsistence fishing poses a severe threat to coral
reefs in developing countries (Russ 20@¥structivefishing techniquesuch as pwse seine nets
have been knowto harm substrateompositionand target juvenile fish (Mangi and Roberts

2006), leading to changes in trophic dynamics on reefs (McClanahan and Mangi 2004). Indirect
effects of fishing havalsobeen observed on @reefs, as McClanahan and Shafir (1990)
suggesthat depletion of triggerfisiBalistidae)populationshaveresulted in increasksea urchin
abundance, whichasinstigated bioerosion and reduced coral cover due to the change in grazing

pressuren Kenyn coral reefs

Artisanal fishing is an extremely import source of subsistence for large portions of the
Comorian populationStobbs and Bruton 199Which hagesuledin high human pressure on
coral reef{UNEP 2002) Similar studies on artisanal fishing developing countries (Hawkins
and Roberts 2004, Ruttenberg 2001) have revealeftrénathuman pressure on reafightcan
be deducedrom the status of benthic communites, invertebrate densities and fish asserhlages

reefs adjacent to human settlartse

2.3 Threats to Coral Reefs the Comoros

Coral reefs sustain extremely high levels of biodiversity, and because they only exist within
thresholds of certain physical factors such as temperature and salinity, they are extremely
vulnerable to disturbeces Hutchings 1986, Cornell and Karlson 199&wkins and Roberts

2004). The complex compositions of the reef ecosystand the interaction between coral and

marine organisms dictate that removal of one species can have disastrous consequences for other
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organisms within the ecology of the re@éfnings and Polunin 1998lcClanahan and Shafir

1990.

There are 430kfof coral reef across the three islands, with the majority being fringing reefs
situated close to human settlements (Ahanedd2008).The reefs are at threat to naturaiveell
ashuman disturbances, demonstrated by the extensive damage caused by-@®EI99irio
eventsjnstigatingseverecoral bleaching in the region as sea temperaturegAbsenadeet al

2005) Dynamite fishing bs been documented on the island of Moheli, where entire reef flats
have been known to be reduced to coral rubblafada 208). Trampling byfishersthat hunt
octopus or lay traps for small fish during low tide has also caused widespread damage to coral
(Hauzer et al 2008 In addition, domestic waste in most villages is discharged directly into the

sea, causingotentialproliferation of algae and eutrophicatiddNEP 2000.
2.4 Coral Reef Research and Conservation Effontsthe Comoros

There is very litle baseline data available orethtate of reefs in the Comordéoreover

conservation has been hampered by a lack of environmental awareness and an inability for local
communities to implement changg$nion des Comores 200b Theabsence of previous

scientific researcimay be due to the logistical challenges that conducting projects in the Comoros
involves, howeverecentstudies have been carried out by international organisations such as
Association doélntervent i onenem(AIDE)wecho®duadsl op p e me
monitoring on several sites across the three islands once a year (Posf20@njtoring

program conducted by AIDE from 192803 evaluated the status of the coral afteEh¥difio

events at 3 sites on Grande Comaxkamada2008), obsening that there had been sharp dedine

in live coralcover since 1998 due twral bleachinghowever thee are signs that coral has made

a slowbut strongrecovery in most site@hamada et al 20083 are currently producing a report

on the socieeconomic conditions across the 3 islands that include surveys on income, fishing

methods and household demographics that will hopefully lead to a greater understanding of the
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root causes of degradation to the marine environment in the Comorosllaasisistcommunity
based management schemes. By working with C3, | intended to help explore the posaitdities
challenges involved implementing a low budget, effective monitoring program by which coral
reefs could be monitored by villagein orderto limit their impact on the coral and the species

compositions of the reefs.
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3. Methodology



In order to design a study that would assesstipact of fishing on thetate of the coral reefs
adjacent to villages in hComorosgata wagollectedon ecological features of the reefs, whilst
sociceconomic information on fishing practiceasalso documentedspects of reef health
includingbenthiccommunitesinvertebrate densities and fish compositions were recoad u

two underwater survey techniquésansects and underwater visual censyses)st data on

fishing practices was documented through site descriptions and key informant interviews held at
both sites (see Table Due to my limited time and resourcgispensable at the C3 research

centre, this survegimed toproduce a thorough analysis of the effects of artisanal fishing
techniques ownly two villages orthe West coast dsrande Comoreand in doing sserve as a

pilot study for any future monitoringrogram for coastal villages in the Comoros.

Methodsselectedor this project were done witin the knowledgehat abroad scalenonitoring
program might be eventually implemented byi€she Comorosand thus theuccess of
methods employed in my remeh would serve as an indication of the feasibility of installing a
program in several coastal villages. Therefeegerallimiting factors had to be considertd
produce a cosind timeefficient projectthat might be replicated by a future C3 projé&atstly,

the majority of resources used would have to be easily accessible on thééstande of the
difficulties involved in importing equipment to the islantsaddition, all materials used in the
survey would have to be assembled at as low adiahoost as possible in order for the
assessment to be carried out on a broad scale and at a low budget. Any training done prior to the
survey to identifymarine specieanderwater wouldbe done with materials readily available for
replicationfor local Gomorians The number of personnel used whilst carrying out the survey
would also have to be kept to a minimdire to the number of researchers available at the

research centravithout sacrificing safety requirements and the accuracy of theTdata.all
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methods applied in this survey were chosen to assess the practicalities of conducting a larger scale

monitoring program for coastal villages in the Comoros.

Table 1.Summary otheaimsof each methoémployed in this projecand dates
which they wereeonducted

Aim Method Dates
General description of human activity Site Description Jul 2023
Fishing numbers, methods used Key Informant Interview Jul 2530
Substrate Conditions Manta Tow Aug 1-3
Substrate composition 4x20m transect for subyste composition Aug 520

Densities of indicator fish and invertebrate: 4x 200nf transect for indicator species Aug 11-Sep 5

Fish families composition 10x 30 min Underwater Visual Survey Aug 15Sep 7

3.1 Site Selection

An analysis of the impactd artisanal fishing practices on the reefs at two villages redjthes
two sites choseto be similar in terms of type of reef, distance from shore and population sizes of
human settlementsAdditionally, due tdimitations toour access to transpawsh the island both
sites had to be fairly close the C3research centre at Icqmisall surveyingequipment had to be
transported from the research centre to the stessequentlythe twosites selectedould be
locatedwithin 15km of the research ceet In order to assess the impacts of anthropogenic
pressure on the reefs as thainvariable,both coral reefsvould have to be similar iphysical
qualities such asize, deptltontours distance from shore and water qualtgt have a significant
disparity in fishing intensityAccordingly,the two location@ncompassefilinging reef within
200mof humansettlementswhilst the population sizest both sites were comparabléne reefs
would also have to be easily accessible from the shore pisogpes(local fishingcanoeyin

order to perform underwater surveatsa low cost

3.2 Site Description
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Once the sites were chosedyréef site description was conducted at bottationsto assesbasic
socioeconomic conditions at the two villagesdthelevel ofhuman impact on the marine
environment The approachusedwasbasedn a site description techniqueed inHodgson et al
(2004)for coral reef monitoringvhich categorises impacts from factors such as fishing, pollution
and tourism into lowmedum and high levelsyith the intention of providing broadperspective

of the human interaction with the reef and its general conditiceddition, qualitative

descriptions of the site were taken from general observations of the area, in orderd® provi
descriptive information ohumanactivities that mighbe damaging to the reefhis was
conductedaccording to thé&lobal Coral Reef Monitoring Network (GCRMN) observations
protocol and involvedconversations witlocal people about human activitiesttimigtt affect the

local environmen{Bunce et al 2000)

3.3 KeyInformant Interviews

In order to obtairoreinformationin greater deta@bout the anthropogenic pressure on the reefs
from thehumanpopulations at both sites, key informant interviewseaeeld in both villages.
Thesearemodified semistructured interview(Bunce et al 2000)hichinvolve consulting with a
selected group of informants-@individuals per sitewho share a common background or
knowledge in this case locdlshers This technique was adapted gather data on thgpeand
numberof fishers at each village, and on tineechanisms used ltlge local communityo manage
their fishingvicinity. Simple, direct gestionson fishing practicesvere posed with the aid of a
translato andinvolved concise answers in ordemtinimisethelength of time of the interviews
Careful planning had to be taken whilst arranging the key informant interviews so as not to
disturb religious activities in the village such as prayer times andtiiertonth of Ramadan

which was ongoing at the time of research

At both siteskey informantdatawererecorded on:

1 The number of piroguishergspearfishersactive in the village

1 Methods used by each type of fishing activity
--19 --



1 Any self regulating managemeschemesn fishing that the village imposes on

destructiveactivities such as dynamite or purse seiatfishing

3.4 Manta tow

In order to assess the state of the reefs at both locations, underwater surveys were conducted to
document substrate leveisyertebrate densities and fish compositions. To analyse substrate
composition, ananta towsurveywas performed to identify the areas of reef with the highest

levels of hard coral covefhe manta towechniqueperformedwvasadapted fronEnglishet al

(1997 in whicha diver is towed by a boédee Figurel) to record cover levels dfard and soft

coralalong the ree€restutilising categories designed Dahl (1981)(seeFigure?2).

The manta tow method covers large am@da a relatively short amouamf time (Hill and
Wilkinson 2004), however because of the limited resources available the Eigli$h997)
method had to be modified so that a pirogue and snorkel equipment were used instead of an
outboard motor and diving equipment. Using snorkei@gent and a life vest, the diver was
towed behind the pirogue, using laminated Dahl (1981) categories on an underwater slate to note
percentage cover ofind coral and soft coral along 2 minute timtervals The manta tow survey
was also used to documteumbers ofAcanthasteplanci (Crown of Thorns StarfishfCOTS to
identify potentialoutbreaks of this species that can be destructive to coral Hikfzn(d

Wilkinson 2003.

Figurel. Manta tow techniquéenglish et al 1997)singa diver and outbad motor boat

to survey large areas of reef to record substrate conditions
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Figure 2.Visual estimation categories for percent coral cafdrard and soft corgDahl 1981).

Maintaining a constant speed, GPS locations were taken every 2 nior28sminutes along the
reef cresto measure the length of the re€he tow was performed within 2 hours of low tide at
each site and within a@m depth contour at both sitésdditional physical data was also
recorded at both reefs during the mamwta tvhich included water pkevels temperature,

dissolved oxygen and turbidity at each site.

3.5 UnderwaterTransects

The area of highest hard coral cover was selected using data collected from the mésga tow
Table6). Within this area, indicators oéef heéth such as substrate cosrdand invertebrate
densitesweresurveyed by deploying a 100mmderwatetransect, based df#iodgson et aj2004).

3 researchers using snorkelling equipment &iti0Omtape measureithin the areaof highest
hardcord cover, parallel to the reef fringe using buoys attached to each end of the tape measure
and weights to keep the transect in place. Maintenance was needed to keep the transect line
straight, as the current would usually move the tape measure slightlit eraselaid, or it could

get caught in between the coral. The transecttiasdivided into four 20 metre zones with a

five metre gap between eazbne 10 minutes were allowed for fish activity to resume after
transects were lai(English et al 1997 )ter which substrateompositionand indicator

invertebrateslensitiesvere recorded. Transects were laid within a depth cowofc@#6m, and all
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surveys were carried out within 2 hours of low tide, and before 11:00am to record optimum fish
activity (Hill and Wilkinson 2004)Adequate trainindpr all researcheraas needed to be able to
identify goeciesunderwaterusing field guidegLieske and Myers 2001, Vilcinskas 2002,
Terashima 200landlaminated identification cards for indicator speg¢ldsdgson eal 2004)

were also taken out to the reef.

3.5.1Substrate line Transect

The substrate line transect was designed to idemifighiccompositionalong intervals and
divide them into several categories. Substrate type was redoydet researcheat 0.5n

intervals along théape measurié each 20m zoneisingsubstrateategoriegsee Table) from
Hodgson et al (2004A plumb line was used to locate each sampling point, in which a small
weight was attached to a string and dropped at each intervaleliihinates potential bias due to

the sway of théape measurm the case o$trongundewater currentgHill and Wilkinson 2004)

Table2. Characteristics of substrate categortidsdgson et al 2004)

Substrate Type Description

Hard coral (HC) Reef bulding corals, includes fire corgMillepora), blue coral ileliopora) and organ

pipe coral Tubiporg because these are reef builders.

Soft coral (SC) Includes zoanthids, but not sea anemones.

Recently killed coral (RKC) Coral that has died within thgast year, and may be broken, standing, white with
corralite structures still recognizable etc.
Sponge (SP): All sponges are included, indicator of sponge blooms as a response to disturbanc

Rubble (RB) Includes rocks between 0.5 and 15 cm diametéridflarger than 15 cm it is rock,

smaller than 0.5 cm and it is sand.

Sand (SD) In the water, sand falls quickly to the bottom after being dropped
Other (OT) Any other sessile organism including sea anemones, tunicates, gorgoniandigngor
substate.
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3.5.2Invertebrate Belt Transect

Indicator invertebrate densswererecorded along the same trangatgrvals The diver swam

along the transect and recordedicatorinvertebrateg¢seeTable?) if they weresituatedwithin

5m o either sideof the transect.

Table3. Indo Pacificinvertebrates documented and what timeljcate on a reef (Hodgsean al

2004)
Invertebrate Common Name Indicator of
Tridacnaspp. Giant clams Overharvesting

Thelenota anana
Stichopus chloronotus

Acanthaster planci

Diadema

Prickly redfish cucumber,

Greenfish cucumber

Crown of thorns starfish

Seaurchin

Béche de Mer fishing

Crown of Thorns population outbreaks

Absence or low numbers may indicate urchin

disease; high numbease an indicator of

overfishing of wuchin predators

3.6 Underwater VisualCensugUVC)

The UVC surveysaredesigned to identify larger, moneobile species in the reef that might not
appear on thgansect surveydue to is narrow width(Hill and Wilkinson 2004) The technique
used was @apted fronEnglish et a(1997 wherebythe diver swims at a constant rate of 6m per
minute for 30 nms along the crest of the redhree of the most commiyrfished families
(Serranidae, BalistidaandScaridag were divided into size categories to sal size

composition on the regihdividualswere recordedsthey passed within 10m of each sidehsd t
diver, and all surveys were performedhin 2h of low tide. UVC surveys were repeated 10 times

at each site. The U¥indicator species recordagle aescribed in Tabld:
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Table 4. Indicator fish families and respective size categories used for the UV

Family Common name Sizecategoriesdocumented (cm)
Serranidae Groupers 0-10, 1620, 2630

Balistidae Triggerfish 0-10, 1620, 2630, 4650,50en+
Scaridae Parrotfish 0-10cm, 1620cm, 2630
Scorpaenidae Lionfish N/A

Muraenidae Moray Eels N/A

Dasyatidae Rays N/A

Sphyraenidae Barracuda N/A
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4.1 A Presentation of theResults andAnalysis



4.1 Site Descriptions

The village of Iconi was selected as the first b#eause ienclogda fringing reefs located

within 100m of the shoreand wasaccessible from the research centre by eeeFigure 3) The

site chosen for underwater resgawas located on the north beach of the village, after initial
underwater research revealed high levels of hard coral. The other site chosen was at the village of
Hantsambou, 9.5 km to the north of Iconi, avasaccessible by road from the researchireen
Hantsambowand Iconi had similar shapédinging rees, andwere ofa similar population size.

The reef choseat Hantsambowas located 190m from the shore, accessible from a fishing beach

in the centre of the villagéseeFigure4).

Figure 3. Main features d€oni village site, including area of highest hard coral cover for transect regear:

andpoint from which this coral could be acces¢edages courtesy of Google Earth 2D09
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Figure 4. Main features of Iconi village site, including area of highest hard coral cover for transect refe:
andpoint from which this coral could be accessgieaages courtesy of Google Earth 2009)
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The site description survepgrformedat bothsites showed similar levels of humpressure on

the marine environmeiait both sites. Both areas had high levels of pollution from human waste
which was also clearly visible at thed sites, as all sewage and litter was directly discarded into
the sea or stacked in piles on the be@ele AppendixB). At both sites, fishingvasa highly
important source ddubsistencefor many households, with large numbers of pirofisieers

actively observedand also fishingccuringfrom the shorelocumentedThere was effectively no
tourist activity ateithervillage, and therefore npotentialdamage caused from recreational

snorkelling or fishing.

—-27---



4.2 Key Informant interviews

Key informantinterviews held at both siteevealedho difference in the way the reefs were
managed by the communitig&t quite a substantial variatiamfishingmethod numberésee
Table 5) At both siteskey informantanaintainedhat the destructive fishing ptémes of
dynamite fishing and purse seine net fishing were banned for pifisgeeswithin their village

waters

Table5. Fishing intensity information gathered from key informant interviduiguresin
brackets are the calculatedeannumber offisherspermetreof red crest (see Table 6)

Iconi Hantsambou
N° active groguefishers 35(0.084) 160(0.275
PrimaryMethods Hand lines Hand lines
Spealffishers 1(0.002) 4 (0.009
PrimaryMethods Rods, spear guns Rods, spear guns
Restrictions on fishing No dynamite fishing, gill nets, No dynamite fishing, gill nets, poison
poison fishing fishing
Sea cucumbers harvested Not eaten, sold in large quantitie Not eaten, sold to merchants for trade
for trade in Asia Asia

The key informants revealed ddferences between techniques usedigtyers or local
management of the reefdajor differentiationin fishing pressureexisiedin the number of each
type offishers asHantsambou hadsignificantlyhigher number of piroguishersper metreof
reefcrest(0.275) compared t®.084 aticoni. At both sites piroguéishersused hand lines to
target families such &erranidaeandScaridae Regardingspeatrfishers there were differences
in numbersand methods used at both sites ds@iti there was oglone full time spear
fisherman whilst key informants aHantsambouevealed that theneere 4activefishers Spear
fishersat both sitesised combinations of iron rods and modern spear guns (propelteadyet

fish, whilst alsohunting cryptic speciesuch a®ctopi and lobster. When asked about sea
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cucumbers, informants at both sites cié€tiinese mercharidsvho had previouslyome to the

village to buythemfor thebéchede mer tradén Asia

4.3 Manta Tow

The Manta Tow surveys were content to icentify substrate coveéevelsof hard and soft corait
each siteNo significant difference between hard andt soral coverwasfoundat the two
locations(see Table 6), however reef crest length was larger at Hantsambou, insinuating a larger

overall reef area.

Table6. Manta Tow results demonstrating hard and soft coral cover catego@&s
sightings water qualities, and reef crest length

Iconi Hantsambou

GPS point Hard Coral  Soft Coral COTS GPS point  Hard Coral  Soft Coral COTS
1 3 1 0 1 2 0 0
2 4 2 0 2 4 1 0
3 4 1 0 3 3 1 0
4 3 1 0 4 2 0 0
5 2 1 0 5 2 0 0
6 1 0 0 6 2 1 0
7 2 0 0 7 3 0 0
8 3 1 0 8 3 1 0
9 4 2 0 9 2 1 0
10 4 3 0 10 1 0 0

Water Quality Reef Crest Length Water Quality Reef Crest Length

PH 7 0.418km PH 7 0.582km

Temp 28 Temp 26

do 0 do 0

Turbidity 0JTU Turbidity 0JTU

No recorded sightingsf Acanthasteplanciwere madet either sitewhilst Table6 also reveals

no significantdifferencesin pH, salinty, or dissolved oxygen of the water taken at both sites
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4.4 Transects

Substrate line transects taken at both sites reveal several statistically significant differences
between substrate compositions at both ¢#esFigure5). Both sites hadompaatively high

levels of hard coral for reefs in the Western Indian Ocean since the 1998oEIBching event
(Ahamada et al 20Q80nestatistically significant difference was in the amount of recently killed
coral documented at both sites, as the Hamb®a reetconsisted of37% recently killed coral

percentage, whereas Iconi haly 18%.

Figure5. Substrate compositioaf 0.5m intervals alon§0Om line transectat Iconi and
Hantsambou

® Hard Coral ®Soft Coral ™ Recently Killed Coral ®m Rubble = Sand ™ Other

1%

4%1%

Iconi Hantsambou

Belt transects werthenperformedat 5m either side fathe initial transect to document indicator
invertebrate densitieEigure 6represents indicataneaninvertebrate densitigzer 200m? section
of belttransectrevealinga significantly highedensityof urchins aHantsambou thaat Iconi
There were a Acanthasteplancirecordings from the transeasbothreefs whilst very few sea

cucumbersvere found ompared to other studies done in the redimmada 2006
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Figure6. Mean indicator invertebrate densitiesstandard errofper 200 section é belt

transeci{Holothuroideaare sea cucumbers)
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4.6 Underwater Visual Survey

Indicatorfish family sightingswvere analysed after 10 W/surveys at each site (see Tab)eand

aT Test was performed to divulge any significant difference between ateardance<siven

the assumption that reef variables such as physical conditions of the water and depth contours
were similar, Tabl& suggests tha@erranidaefiguresat the two sites were the only statistically
significantdisparity infamiliesof indicator fish at both sitesThe small sample size of this UVC
however, suggests that a more detasled/ey documenting individuals to the species lavel

with more repetitionsnight be more adequate in producing conclusions on fish compositions.
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Table7. Mean number of individualsi standard erronf fish families aticoni and Hantsambou

Mean Iconi Mean Hantsambou T TEST Sig
Serranidae 5.04+0.18 3.1+0.13 0.00349 *
Balistidae 4.3+0.17 6.0+0.19 0.06061 NS
Scaridae 2.4+0.41 3.6+0.20 0.11421 NS
Muraenidae 2.4+0.32 1.3+0.36 0.0923 NS
Scorpaenidae 1.2+0.23 1.9+0.38 0.09574 NS
Dasyatidae 0.740.32 0.1+0.36 0.05568 NS
Sphyraenidae 0.340.28 0.340.28 0.19382 NS

*P <0.05

Analysis ofsize compositionsf Serranidae BalistidaeandScaridaewere examined, having
been divided into 10cm size categories based on abundance figures documented ddring UV
surveysA significantdiscrepancy irBalistidaeabundancéor size ranges 3@0cm at
Hantsambouwvas notedsee Figure 7)in additionto a lower mean total d3alistidaeat

Hantsanbou (Table 7)

Figure8. Mean individual numbers &alistidae(x standard errort eacltsize range (cmfpr

Iconi and Hantsambou
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http://en.wikipedia.org/wiki/Scorpaenidae

Diversity offish familiesfor both sitesverecalculatedsee Table 8)along with average trophic
level derivedfrom FishBase2005(see AppendixXC). Table8 reveals no statistically significant

differences between Simpson diversity indices at both sites, noedetive average trophic level

of the two sites.

Table9. Fish familyrichness, diversity and average trophic level

Iconi Hantsambou
Fish FamilyRichness 13 12
Total Individuals Abundance 249 228
Simpson Diversity Index 0.14588474 0.13184826
Average Trophic Level 3.474533898  3.551141553
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5. Discussion
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One of the purposes of this study was to determine whether fishing practices were having a
detrimental impact on the state of the coral reefs adjacent to both villages. Sincehasdstan
previously recorded orné condition of coral substrate, invertebrate density and indicator fish
composition at the twsites surveyed by this projeaticoni and Hantsambouwall inferences on

the effects oflestructive fishing practices had to be deduced from the currentkthtereefs.
Consequently, a lack @mpirical dataon thepreviousnumbes of artisanal fishesat each site
necessitates thatirrentdata recorded asassumed to beepresentatie of the number ofishers

in the past. We can therefore only suggestesfr adverse conditions on the reef from the data
gathered on present fishingensityfrom the key informant interviews order to answer my

first researclguestion:

5.1(RQ1Are artisanal fishing practices having an impact on the state of the coesfs

adjacent to villages on Grande Comore?

On the basis of the reef conditions at both sites and their varying téleiman pressure from
artisanal fishing practices, it is possibdeextrapolatehat several aspects of the redfht have

been infuenced by anthropogenic activity. To analyse this, | have divided these impacts into the
current state of the reefs at both sites, iartie differencesbetweerthe two reefs that have likely
arisen because of the variation in fishing activity. | haghlighted the key differences as being
between the disparity isubstrate compositionsdicator invertebrate densitiesndto a lesser

extent,fish family compositions.

5.1.1 Iconi

On the bais of evidence collected on benthic compositisubstrate iconi can be insinuated to
be in a relatively good conditipmith highhard coral percentages in comparison with records
from other sites in the regiofAhamada 2005Ahamada et al 2008w~hilst softcoral ratioswvere
also relatively higi{seeFigure6). In terms of invertebratdensities a scarcity of sea urchins in
comparisorwith the reef at Hantsambou implies that there is much less bioexistonalfrom

urchin grazingMcClanahan and Shafir 199Raine 1969, McClanahan 19%possibility
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supporte by thelower percentagef recently killed coral. There was no evidenceAoanthaster
plancioutbreaksand only onelocumentedavas recorded from a UVS dive on the rdebughout
the surveysThus, the possibilities of potentially harmfDOTSoutbre&s are low (Hill and

Wilkinson 2004)at Iconi.

From data gathered at the key informant interview, theatelebniis relatively well
protected from the detrimental effectsgif net and dynamite fishin@ able5). Observations
from the reef and analis d fish species composition segémauthenticate these claims.
Damaging athropogenic pressure on the reef could instead be derived from the intensity of
artisanal fishing practices such as pirogue fishing and §ghars A distinct absence of sea
cucumbers proportionate to other data gathered in the Western Indian OceanAkginada et
al 2008 appears to coincide with assertions from key informants that sea cucumbers were

removed by Chinese merchants for tiéehe dener tradeat Iconi

5.1.2Hantsambou

Several aspects of the Hantsambou reef were in a very similar condition to that Iconi. Major
discrepancies in substrate compositimnveverstemmed from a statistically significant

percentage of recently killed coral and soft coral. Recentlytkdoral was ad higher level than
atIconi, whilst there was additionallyrauch lower quantity of soft corééee figureb). These

traits might be a result of the differences in fishing numbers at the two sites, rather than
destructive fishing practisesuch as dynamite fishing, which was also said to be prohibited by the
local community. Regarding invertebratensitiesno COTS outbreaks were recorded at
Hantsambou, however sea urchin atamce was documented to béaher density than at Iconi
(Figure 6) There was a deficiency in edible sea cucumber numbers similar to that in Iconi, which

again suggests that over harvestinged cucumberf®r thebéchede mer trade was occurring.
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5.1.3 Substrate structure

Transects taken along the reef frasgat both sites revealed several significant differences in the
substrate composition. Hantsambou had a slightly higher percentage of hard coral, yet comprises a
significantly higher portion of recently killed cor@igure5). Since physical conditiorsf the
water(temperature, salinity, pH levelahd presumed energyailability at both sitegan be

deemedo be homogenoud able6) due to their proximity in distance, the differences between

the two sites might be attributed to differences in the huastwity in the two villages.

5.1.3.1 Bioerosion of coral by sea urchins

A possible explanation for the higher levels of recently killed coral at Hantsambou could be due to
the higher densities of sea urchiisosion of coral reef sub stratum has alserblinked with

high sea urchirmbundance (McClanahan and Shafir 1990), which was identified at Hantsambou
(seeFigure6). Sea urchingre major bioeroders of coral reef sub stratum (Ogdeabel 1978,
Hutchings 1986Downing and E4Zahr 1987 Birkeland P88), and can limit the establishment

and growth of coral reefs as they graze (Hutchins 1986). McClanahan and Shafir (1990) found a
negative correlation betweenrabcover and sea urchin density on several Kenyan coral reef

sites and thus thelevated s& urchindensitiesat Hantsambou could be a contributing factor to

the reduction in coral cover of the reef in Hantsambou.

5.1.3.2 Impacts of spear fishing on coral cover

Theelevated levelsf recently killed coral at Hantsambou might be a result oflifierences in

fishing method numbers between both sites. The two villages had high numbers of fistognse

per length of reef cre¢Table6), howeversince their main method of fishing is hand lines,

contact with coral is minimand thus doeshouldnot have a huge influence on coral
compositiongStobbs and Bruton 19%91A study by Mangi and Roberts (2006) on artisanal

fishing impacts on reefs in Kenya observed that fishers using hand lines had the least amount of

contact with live coral (1.5 corabntacts/kg/trip) amongst sevetgbes offishing gearThere
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were however differences in the number of sfisaers as Hantsambou haoh average d3.275

spear fishers penetre ofreef crestwhilst atlconithat figure wa®nly 0.084 The spear fisimg

done at both sites involved the use of an iron rod attached to a wooden beam to spear fish, but also
was alsaisedto remove cryptic species such as lobster and octopi from the coral. In this respect,
spearfishershave a large amount of contact witte tcoral, and often employ destructive fishing
practices when trying to remove target spedangi and Roberts (2006) concluded thzears

had the highest amount of contact with the camabngst Kenyan artisanal fishing meth¢#i®.6
contacts/kg/trip)During a dive in Hantsambou, | documented a spearfisherman upturning and
killing a table coral in an effort to catch a lobstepearfishersalso walk out on the coral during

low tide whilst searching for octgpwvhich can lead to coral degradation thglburampling

(Hawkins and Roberts 1992 study by Kay& Liddle (1989) demonstrated that human

trampling clearly damages coral on reef flats, and can significantly alter the composition of the
coral community Thus, thehigher number of spedishersmight be correlated tde elevated
percentages of recently killed coral at Hantsambou, due to the incasasade caused by the

contact that spedishershave with live coral

5.1.4 Invertebratesiensities

5.1.4.1 Causes o$eaurchin abundance

Sea urchirabundance has been linked with removal of predator species (McClarggd#ras
reductionsor eliminationof predators may cause shifts in species composition on the reef (Paine
1960, Morrison 1988) McClanaharand Shafi(1990) suggeghat removal of seurchin

predators resuli® population increases of urchinghich can resulin a reductiorof live coral

cover, an increase in substrate bioerosion, and a reduction in topographic complexity.

these sea urchin predators &rend in the ComorosraBalistidag (triggerfish) and have been
found to have high predation rates on sea urchins in @gi¥ef and Lobel 1978 Mclanahan

(1999 revealghatBalistidaewere a major predator of sea urchinsk@myan coral reefsand that

their density irseveralsiteswas negatively correlated with sea urchin density.
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In the Comoro®alistidaeare not extensively fished, as they have a very strong skin and are not
easy to eat, yet they aregularlyconsumed at both village sitd3ata collected from thgvVC
surveysmight supportwvith the theory that removal &alistidaecan lead to higher urchin
abundance, as Iconi had a significantly higher number of triggerfish, and a much lower density of
urchins. There was also a significant difference in the siagosition of triggerfish at the two
sites(see Figure), in whichindividuals ofsizes 3040cmwere significantly higher at Iconi than
at HantsambauwVhilst | can only infer from the current numberfishersat both sites, the higher
averageof spearfishersat Hantsambou penetre ofreef crest lengthT@able § might be
attributable to this disparity iBalistidaesize compositionSpearfishersare more effective at
species selectiofMangi and Roberts 2004) than pirodighers and therefore a higheaumber of
spearffishersper reef crest length mightpossibldactor causingthe significant difference in the

30-40cmBalistidaesize range.

5.1.4.2 Seacucumberscarcity

Transects teen at both sites revealed low levefedible sea cucumber densiiyhich seems to
supportinformation from the key informant interviewssiggesting theossibility that over

harvesting of sea cucumbevss occurindgor the béche de mer trade in Asia. Sea cucumbers have
been fished in the Indo Pacific region for the lafiQL@ears, due to the strong demand from the
Asian market(thicke & Benzie 200p The dried body walls of the animals are considered a
delicacy in manyAsian countries, and are also used in traditional Chinese mediciae®( et al

2007 and can reach mes of $56100 per kg dry weight. They are an important source of income
for fishersin countries like Indonesia, Papua New Guinea and Madagascar as they can be
harvested relatively easi(fRasolofornirin and Conand 199®ver harvestingf holothuriansis
thought to affect the ecologyf coral reefs, as they perform important ecological functions such as
bioturbation and recycling of nutrient8itkeland 1988 Uthicke & Klumpp 1998). Further

research is recommendadross more sites on Grande Contorelentify harvesting levels of sea
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cucumbers adifferentvillages, to analyse whether this could haverapact on the marine

ecosystems over time.

5.1.5 Fish family structure
Compared with substrate conditions and invertebrate densities, there was hattatistically
significant data to suggest a correlation between levels of fishing pressure on the reef site and fish
family composition. Tabl& reveals that there was only one family of fiSafranidae whose
abundance was significantly higher in Ictiman in Hantsambou. The higher amount of fishing
pressure per reef area at Hantsambou than at Iconi might imply that there would be a lower
species diversity and trophic level of indicator species, however this was not the case, as there was
no significan difference in Simpson diversity indices or average trophic level between the two
sites (see Tablg).
The inconclusive results of the fish family composition analyses might therefore indicate
that differences in diversity between the two sites mighttdumatural variables instead of direct
anthropogenic impacts. Variation in reef species abundance has been attributed to several factors,
includingoverall area of reef, which increases area suitable fatratd colonisatioriStehliand
Wells 197). Thegreater reef length at Hantsambdalfle 5 might bea contributing factoto its
slightly higher species richness, as a study by Fraser and Currie (1996) denthsitatef
|l ength per unit area refl ects tesutablofoneorae xt ent t
growth and, to some extent the total coral bio
To determine in greater detail whether artisanal fishing impacts were having an impact on
species composition on Hantsambou and Iconi, | would like to conductyasstuithr to Mangi
and Roberts (2004) in which a muighing gear analysis evaluated which fishing methods had
the greatest impact on coral reef biodiversitgtch size from each type of fishing gear was
analysed to compare maturity stages at firstur@ptA further recommendation would be to

complete a more thorough UVC at both sites, documenting individuals down to species levels for
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heavily targeted fisspeciegRuttenburg 2001), in order to assess the impact of different type of

fishing gear at edcsiteon species compositions.

5.2(RQ2What are the main challenges involved implementinga long term monitoring

program for coastal villages in the Comoros?

The secona@im of this project was to verify if a monitoring program could be implementé&Bb
for reefs adjacent to villages in the Comorosubing similar methods and locally available
resourcesand if so, what would be the major issues to consider second part of the project
was therefore dedicated to answeringgbeondesearctguesion, which | have divided into

concerns on budget, data collection and sdfased on the experiences of my praoject

5.2.1 Budget

In order fora large scale monitoringroject to be funded by an organisation such as C3, it must be
carried out on asfficienta budget as possible without sacrificing the accuracy of the data
collected. The adagion of several survey methods from SCUBA equipment to snorkelling that
wasperformed in my survey would significantly reduce this cost; however the lack of alitgilab

of several materialsecessary for the project to be succedsftthe Comoros would require some
items to be imported. These include underwater equipment such as snorkelling gear, underwater
slates, and uerwater tape measunetich can be acquireat a relatively low cost outside the
ComorosAll other equipment needed to conduct the transects such as buoys and weights can be
acquired locally, or fabricated on site. In terms of personnedualeys conducteat each site

involving transectsouldbe condated with a minimum of 4 researchers in order to correctly lay

tape measures and perform substrate and invertebrate density analyses.

5.2.2 Data Collection

To ensure that data was correctly collected and able to be used for management df artisana

fishing, all researchers would have to be adequately traineditgain the accuracy dtie
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surveys. In order to involve the participation of local Comorians in such a pi(gjeatar to
turtle nesting research conducted by C3 in Mghetining woud have to be given for local
researchers participating in data collectiData collection methods would also have to be

consistent in order to compare and track changes to reef conditions in different villages.

5.2.2.1Trainingfor researchers

Trainingneeded for researchers to be able to perform aspects of the surveys such as laying
underwater transectgould however involve substantial challenges as very few Comorians are
able to swim confidently. Adequate preparation would have to be made to ensvesdhathers

would be able to swim correctly, by ensuring all participants pass a mandatory underwater fitness
test (see Appendi®). Field quides such as Lieske et al (20@h)Vilcinskas and Vigot (2002)

can be usetb identify indicator marinespecisin Comorian waterfo the genus level.

Underwater identification tagélodgson et al 2004re effective ways of improving accuracy of

species classification

5.2.2.2 Consistencgf methods

To compare data collected across several sample migtsods usd in each project would have

to be consistent to ensure the accuracy of the data. This implies that all underwater surveys would
be undertaken during the same tide thresholds, and during similar visibility condiions.

adequate tide thresholebuld be vithin 2 hours of low tide, and during visibility conditions of at

least 10neach surveyMonitoring should also occur at the same time of year at each site, in order
to reduce discrepancies from seasonal variations in fish movements (Hill and Wilkinggnl200
addition, cultural limitations to monitoring times over the year would have to be assessed, as most
Comorians will not enter the water during the holy month of Ramadan, lest they should drink the

water by accident, and thus would not be able tagyaate in underwater surveying.
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5.2.3 Safety

The dangerous nature of activities such as snorketiggired to conduct underwater surveys
implies that safety of personnel involved in the research would have to be a priority. The project |
conducted exgrienced several days where research was unfeasible due to adverse weather
conditions. Specific care would have to be taken to ensure that no underwater activity would be
undertakenn situations of high wind or strong underwater currefite fragility oflocal fishing
vessels means that they can be easily overturned in relatively calm conditizasearch

performed should comply with strict regulaticarsd risk assessmeritsmaintain safety standards

at each site, such as that used by C3 (Appebiiiv minimise the risk of the effects of hazards
such as sunstroke and exhaustPotential danger also arises during underwater surveys from
marine species such as string rays or lionfish. Sufficient training to be able to identify these
harmful speciesra correct protocol to use in the case of injury would have to be ensured before
any surveys took plac@ther risks such as heatstroke and exhaustion would have to garefull

assessed before each underwater survey.
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6. Presentation of tle Conclusions
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This study sought to determine whether artisanal fishing methad® willages on thevest

coast of Grande Comore were havimgrapact on features of the reef including its substrate
composition, indicator invertebrate detisis and fish familystructure In conducting this study
with C3,results and experiences from methods employed could be utilised in a potential
monitoring program with the intention of tracking indicators of reef health for villages in the
Comoros. In redtion to the influence of local fishing methods on theustat the two reefs
surveyed Iconi and Hantsambou, conclusiomereextrapolated from an analysis of current
conditions of the cal and its species compositions, whilgti®-economic data gathed from

site descriptions and key informant interviews revealed indications of fishing intensity at both
sites. Results from ecological surveys sucHias transects and underwater visual survaiysed

to distinguishthe physical conditions of the resfeach site, and in doing sam investigation of
feasibility of using similar methods conducted in this study to implement a monitoring program
for coastal villages in the Comoros was made, based andfo issues raised by uséthe

techniqueoperate in this pilotproject.

Whilst it is difficult to identify precise impacts of fishing techniquesthe state of the reefs using
only the current conditions of the coral and the surrounding ecology as evidence, several
inferences can be made based oelewf fishing intensity and indicators of reef health at each
site. Disparities in substrate structureludingrecently killed corapercentageat both sites
indicate that the greater fishing pressure at Hantsambou might be correlated to its Eested
of dead coratiue to the greateatio of speaffisherscurrently active at this site and the frequent
contact that this fishing method has with the coral. Regarding the impaathobpogenic
pressure on invertebrate densities, this study revéfadedossibility thasea urchirabundance at
both sites might be related to removal of one of its key pred&alistidae by human methods
or natural factord.ow numbers oBalistidaeat Hantsambou might be correlated to the higher
densitiy of sea utan due the reduced predatidrhere is also a strong likelihood tlsa

cucumberscarcities at b sites is a result of harvesting for the prolific béche de mer ffédke.
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could result in potentially damaging indirect effects on the ecology of theirettfe Comoras

On the subject of artisanal fishing impacts on fish compositions at both sites, results were fairly
inconclusive. Further research involving more sample sites and greater detail into the
documentation of fish species in comparison wighihg intensity would be more effective in

identifying specific threats from each type of fishing gear.

In terms of the prospect of developing a monitoring prog@n€3that would be able to

influence community based management of the reefs in codktges,all techniques included in

this survey would be employable. Any such project would have to designed with the knowledge
that instigation of a monitoring scheme would be hindered by the restrictions in transport,
communications and equipmentaileble on the islands. Thempletion of this study however
indicates that the implementation of small scale underwater surveys collecting basic information
on reef eceystemaear villages in the Comoros is viabRdequate precautions would have to be
madeto ensure the correct training was provided to ensure the safety of participants and the
accuracy of data collectedhich could produce data allowing local fishing communities to

monitor their impacts on the reef, and manage fishing practices in a abfaimanner.
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AppendixA

Map of the Comoros and Research Sites

on Grande Comore (Ngazidja)
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Site 2: Hantsamb

Site 1: Icoru'/

Source: UNEP 2002
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