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Abstract:
Globally shark fisheries receive little attention, with artisanal and traditional fisheries
being particularly neglected despite their likely significant contributions to
overexploitation and its consequent effects. This is largely due to the influence of shark
fin’s high value in today’s economy. Madagascar is no exception, demonstrating growth
in the trade of both shark fins and meat in recent decades. The northern regions may
contribute significantly to this exploitation, however their fisheries are poorly studied.
Questionnaire data was used to characterise these fisheries, gauge means of viable
monitoring and assess potential for future integrated management initiatives. The
fishery was found to have changed in methods, scale and dependencies since the last
assessment and potential drivers of these changes are presented. Considerable scope
exists for management initiatives on a de-centralised, community-managed basis, with
fishermen exhibiting good underlying ecological knowledge. However, revisions to
conventional classifications and definitions in terms of catch and effort are suggested as
vital for success. The use of questionnaire data for fisheries assessments is reviewed,
with demonstration of considerable success, and recommendations for improvements
provided.
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1. INTRODUCTION
The value of elasmobranchs (defined here as sharks and rays) within the global
economy, and the respective attention given to their exploitation by conservation
bodies and appropriate Regional Fisheries Management Organisations (RFMOs) are
currently at odds. The over-arching problem continues to be the paucity of information
available for formation of management plans (Visser, 2002), despite strides forward in
the encouragement of their creation. Sharks (defined within this study as true sharks
and not inclusive of Batoidia) are today exploited predominantly for fin and meat
markets. However, their cartilage has gained value in recent years and many other parts
are sold as curios (Musick, 2005). Internationally sharks are beginning to receive
increased media and scientific attention, with international treaties and legislation
starting to respond. However the speed at which action is taken potentially falls short of
the speed of declines (Clarke et al., 2007; Graham et al., 2010; Schindler et al., 2002;
Dulvy et al., 2008).
1.1 Why is shark exploitation a problem?
Almost all large-bodied species of shark are taken in targeted fisheries around the globe
(Visser, 2002). The growth of these fisheries can be correlated with that of demand for
shark fins from East Asian markets, predominantly China, since the 1980s (Rose, 1996;
Clarke et al., 2007). Several reasons mean that sharks are less able to cope with the level
of exploitation they currently bear, which when combined with a multitude of other
threats is landing more and more species on the IUCN red list (11 Critically endangered,
15 Endangered, 42 Vulnerable (Camhi et al., 2009; IUCN, 2011)). Equally worrying is
the conspicuous proliferation of data deficient assessments within IUCN’s elasmobranch
section, demonstrating little understanding. As K strategists and apex predators,
exhibiting low fecundity, slow growth and late maturity (Camhi et al., 1998), sharks
have poor resistance to the high mortality rates associated with today’s fishing practices
(Clarke et al., 2007). As a result it is commonly believed that shark populations are at
risk, and in many cases suffering from, the overexploitation to which they are
vulnerable (Schindler et al., 2002; Dulvy et al., 2008; Graham et al., 2010). However
providing evidence of this, where logistical, social and legal problems abound, proves
difficult (Visser, 2002). In addition, types of shark exploitation are complicated to
define: targeted fisheries coincide with incidental capture fisheries, both of which
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coincide with the practice of finning (removing shark fins and discarding the carcass, an
exercise driven by the relatively low value of shark meat (Dulvy et al., 2008)).
The modern fin trade, despite being wasteful and cruel in its practices, has significant
power and seemingly endless demand. Globally, the incentive to harvest shark fin lies at
approximately US$400-550 million yr-1 (Clarke et al., 2007), and with ex-vessel prices in
Madagascar at up to US$52 per kg wet weight (McVean et al., 2006) significant localised
incentives exist. As rapid changes in market values of fins have provided motivation, the
cost-benefit balance for many fishers to undertake illegal, unregulated or unreported
(IUU) fishing practices has shifted so as to increase incidence, just as regulations begin
to emerge (Lack & Sant, 2008). On top of these issues sharks are suffering along with
the majority of marine organisms from habitat degradation, climate change, pollution
and more uniquely – persecution (Compagno, 2008). The latter is perhaps partly
instrumental in delaying local and global realisation of problems and their extent, and
may have affected the methods and speed with which we began to deal with them. Of
course shark declines are not only tragic for the loss of genetic value possessed by one
of the most stable and successful taxonomic groups on earth (Kitchell et al., 2002), but
also to the trophic balance of the regions they inhabit, and the loss of income and
protein to those who rely on them. Paradoxically, these people and those who would
seek to persecute sharks are not mutually exclusive.
1.2 Removal of apex predators – the ecological perspective
Sharks predominantly assume positions at or near the top of the food chain and as such
are instrumental in top-down control of food webs and ecosystem function. Their
generalist diets, high connectivity within food webs, and frequent role as the
primary/sole predator of other marine megafauna (Ferretti et al., 2010) solidifies their
predetermined importance and promotes them as potentially important indicator
species (Sergio et al., 2006). Depletion of functionally important top predators may lead
to two system-altering consequences: trophic cascades (Dulvy et al., 2004) and
mesopredator release (Ferretti et al., 2010). The latter leading to the former has been
demonstrated in coastal environments such as Chesapeake Bay, USA. The 90-99%
decline of 11 species of large shark has been linked to a population explosion of a
smaller elasmobranch and their prey – the Cownose ray (Rhinoptera bonasus), which in
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turn has led to large declines in the ray’s prey species – bivalve molluscs (Myers et al.,
2007). A drop in clam fishery landings, relative failure of oyster bed restoration
projects, and loss of livelihoods are at least in part attributed to this cascade (Jackson et

al., 2008). Cascades remain a hypothesis in the pelagic realm where logistics preclude
our ability to investigate. Mesopredator release however is likely to occur in the open
ocean and it has been suggested that the increase in pelagic stingray (Pteroplatytrygon

violacea) and small teleosts, e.g. slender sunfish (Ranzania laevis) from 1950-1990 is
just such a phenomenon (Ward & Myers, 2005).
What this means overall is an undermining of the Convention on Biological Diversity
(CBD) supported ecosystem approach to fisheries management (CBD, 2003), both
through shark fisheries themselves and the associated umbrella effects. A >90% decline
in global marine predator abundance has been reported (Myers & Worm, 2003) due to
the modern process of ‘fishing down the food chain’, and shark depletion is undoubtedly
contributing to a consequential drop in mean trophic level (Pauly et al., 1998).
Overlooking all these problems is the elephant in the room – uncertainty, which is
attributed to lack of data therefore predictive ability, time lags between cause and effect
which could span decades to centuries (Jackson et al., 2001) and our own exploitative
activities masking effects (Myers et al., 2007).

1.3 Madagascar and the Indian Ocean - what are the problems?
The Indian Ocean (IO) contributes ~28% to global shark landings and is bordered by
the two largest shark fishing nations (India and Indonesia), yet very little is known
about catch trends and composition, even compared to other poorly studied regions
(Camhi, 2009, Dulvy, 2008). The Western IO and sub-equatorial Africa is similarly
under-studied despite housing nearly 290 species of shark, 79 of which are endemic
(Kroese & Sauer, 1998). However local fishers and studies in numerous countries are
reporting decreased shark catches (Laroche & Ramananarivo, 1995; McVean et al.,
2006; Kroese & Sauer, 1998; Le Manach et al., In press).
Madagascar is identified as one of the World’s top conservation priorities due to its
combination of high endemism and biodiversity juxtaposed with heavy overexploitation
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and population growth (Myers et al. 2000). However its marine environment, despite
playing host to some of the most productive waters in the Mozambique Channel and
3540km of coral reef (Cooke, 2002), has been largely underrepresented in the carving
up of the regions by international NGOs and environmental policy is geared towards
terrestrial systems (Cinner, 2009a; Harris, 2011). In Le Manach et al.’s (In Press) review
of fishery depletion in Madagascar, concerns over the growth of fishing effort are
expressed. The pressures of coastal population growth are exacerbated by extensive
coastal migration by those who previously relied upon Madagascar’s ailing terrestrial
resources (70% are under the poverty threshold and >50% rely on natural resources
for income/subsistence). As reef and inshore stocks become depleted traditional and
artisanal fishermen are forced to further and more remote locations (Cripps, 2010) and
targeting of previously underexploited species like sharks was encouraged by the
government and NGOs such as the German Technical Cooperation (GTZ, now GIZ)
(McVean et al., 2006; Cooke, 1997). Unfortunately, owing to the nature of shark
exploitation, resilience levels and demand shark fisheries often operate on a boom and
bust cycle (Anderson, 1990). The socio-economic effects to those most reliant are
enhanced by a lack of alternatives (Cripps, 2009) and the attraction to perverse
investment in the fin trade. With a poor political history the Malagasy lack the capacity
to deal with overexploitation, illustrated by the increased number of fishing licenses
granted and relaxed controls, despite stocks classed as fully exploited (FAO, 2009).
Madagascar is not listed as one of the top contributors to shark catch globally (FAO,
2009), and as WIO catches are considered relatively low compared to other parts of the
IO this is not surprising. However shark statistics have remained elusive for the
international community (FAO, 2009), and recent re-estimates of overall catches by Le
Manach et al. (In Press) suggest they could be twice that reported, not inclusive of the
subsistence sector. Le Manach et al. (In Press) report unknown levels of targeted shark
catch, and potential bycatch of well over 8000 t yr-1 which is not insignificant. Other
small-scale shark fisheries centred around the Mozambique channel, for example
Zanzibar, have been assessed as potentially unsustainable (Shehe & Jiddawi, 2002). All
estimates are hampered by technical capacity (18 inspectors and 22 observers
currently police the fourth largest island in the world (Le Manach et al., In press)),
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corruption, disinterest, persecutory attitudes, and the top down control of the fin
industry.
Whatever the estimates, anecdotal evidence from artisanal fishermen corroborates
global trends of decline in Madagascar’s shark populations (Doukakis, 2007). With a
number of studies citing high economic importance of shark fisheries to coastal
populations (McVean, 2006; Cooke, 1997; Doukakis, 2007; Cripps, 2009) and
Madagascar placing first in a list of socially vulnerable African countries (Adger &
Vincent, 2005) this is clearly an issue of high importance. As such, existing poorly
developed management for elasmobranch fisheries, which often tend towards the
extremes of inefficient finning regulations or blanket bans, can be considered unsuitable
for Madagascar. Current laws prohibit directed exploitation of shark (Pers. Comms.
Pêche Maritime Director, Antisiranana, 21/06/11), however licenses are still issued to
shark fin and meat traders allowed under the caveat of ‘incidental capture’. Escalating
international calls for a moratorium on shark fishing would certainly negatively affect
these communities, to a scale we cannot yet predict. What is crucial is an innovative and
inclusive set of regionally adaptive management options. With Madagascar undergoing
decentralisation from government management of environmental resources to NGOs
and communities (Cinner et al., 2009a; Harris, 2011), along with a re-evaluation of
fisheries in progress (Le Manach et al., In Press) now is the time to advocate this.

1.4 The current state of policy and legislation
The majority of shark fishing is not illegal (Lack & Sant, 2008). Globally just Congo,
French Polynesia, Israel, Republic of the Maldives, Palau, Honduras, Ecuador, Bahamas
and Hawaii have opted for blanket bans, alongside a number of national and regional
bans on shark finning (requiring the landing of particular ratios of fins:carcasses).
However this response has been criticised both for its scale and effectiveness (Dulvy et

al., 2008). Madagascar itself operates a finning ban, licenses its fin collectors and
requires reporting of shark catch and carcass:fin ratio. However this is rarely policed
and large-scale illegal Asian longliners operate without licenses in the EEZ with catches
up to 50,000 t yr-1 (Le Manach et al., In Press).
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Taking the lead on appreciation of shark declines internationally was undoubtedly the
CITES convention, to which Madagascar is a signatory. This treaty has arguably the best
mechanisms for global control of shark exploitation through trade controls, and seemed
well intended when the FAO established the International plan of Action for Sharks
(IPOA) (FAO, 1999) to increase research and reporting rates through National Action
Plans (Fowler, 2002). However, despite stimulating significant amounts of new
research, the call for action has gone largely ignored, with only 7 of the top 20 shark
fishing nations developing their own plans and none of the RFMOs yet forming Regional
action plans (Lack & Sant, 2008). Added to which very few shark species have as yet
been CITES listed (The Great White (Carcharodon carcharias), Whale shark (Rhincodon

typus), and Basking shark (Cetorhinus maximus) (www.cites.org)).
The CBD promotes shark conservation through its Jakarta mandate on marine and
coastal biodiversity (Decision II/10, CoP2, CBD 1995), prompting some direct
elasmobranch conservation efforts (Fowler, 2002). The Convention on the Conservation
of Migratory Species of Wild Animals (CMS) joins the UN Agreement on Straddling and
Highly Migratory Fish Stocks in protection of a few migratory species encouraging
further data collection (CMS, 2010; UN, 1995). A number of other agreements also hold
great potential for use as management mechanisms including the United Nations
Convention on the Law of the Sea (UNCLOS). Particularly relevant to Madagascar is the
Convention for the Protection, Management and Development of the Marine
Environment and Coastal Areas of the East African Region (CPMDMC of EA). However
actual implementation of management is scarce and most remain in the justification
phase.

1.5 Paucity of data – what is needed?
Almost all international bodies, both governmental and conservation-oriented, are
calling for more information on shark exploitation. The FAO FISHSTAT initiative covers
sharks little, species specific data is almost non-existent, and Madagascar remains in the
dark (Visser, 2002). With an overarching lack of basic ecological understanding (Kroese
& Sauer, 1998), especially regionally specific and applicable to management, these
action plans can currently do little except prompt further study. A deficit of spatial and
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temporal, abundance and distribution data precludes effective protected area planning,
despite a growing body of evidence supporting their effectiveness in conserving both
pelagic and reef associated populations (Koldewey et al., 2010; Game et al., 2009;
Kinney & Simpfendorfer, 2008). The equally inadequate knowledge of fishing habits,
socio-economic drivers, IUU fishing and catch statistics hinders planning of catch limits,
gear restrictions or other forms of management. In addition, most of the few marinecentric organisations operating in Madagascar are located in the South, leaving the
North (with substantial fisheries activity (Cooke, 1997)) desperately understudied.
Critical areas needing investigation include: quantitative targeted catch assessments;
traditional and artisanal methods and gear use; spatial and temporal abundance data on
sharks and their fishermen; species-specific catch data from the full range of fisheries;
and the dependence of small-scale fishermen on sharks for subsistence and income.
Here, questionnaire data is used for preliminary fishery characterisation in the hopes
that successful use of this method in fisheries for rare species (e.g. Moore et al., 2010)
can be transferred to shark fishery data collection. This study is designed to assess a
number of the above factors on a small spatial scale (the Antsiranana region, Northern
Madagascar), scope for management options and identify potential future problems in a
data poor, understudied region with the following aims and objectives:

1.6 Aims:
To characterise the operation, socio-economic drivers, local perceptions and reliance on
shark fisheries in Northern Madagascar in order to a) allow local knowledge to highlight
potential management options and b) identify pitfalls that will need to be navigated in
order to develop management that does not exacerbate poverty within the region.
1.7 Objectives:
1) Characterisation of the region’s main shark fishing sites, for available infrastructure,
occupational structure, local conflicts, governance structure and management,
residency status and migratory use.
2) Identify gears used to target/accidentally catch shark within the artisanal fishery and
review the mechanisms which have allowed/are allowing access to these gears.
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3) Gain qualitative insights into the development and perceptions of the fishery by
fishermen. Where this perception communicates declines, collate opinions and ideas
from key informants relating to causes and solutions to infer inclination for potential
management.
4) Assess dependence of individuals on shark within total catch composition with
respect to additional income.
5) Attempt re-evaluation of the use of the term ‘bycatch’ in a mixed artisanal fishery
where the elasmobranch catch component is almost exclusively for profit and not
subsistence.
6) Preliminary assessment of scope for community-based monitoring.

2. BACKGROUND
The literature pertaining to Madagascar’s shark fisheries specifically is sparse, often
inadequate in scale and generally lends itself poorly to management decisions (a moot
point in reality, as next to no management exists). However, appreciation of declining
catches combined with unknown levels of dependence is prompting more detailed
research. Here I attempt to review the current literature alluding to the questions asked
in this study and on which it was based.
2.1 Previous shark fishery characterisation in the Western Indian Ocean and
Madagascar
2.1.1 The shark fisheries of Africa
The most comprehensive regional study inclusive of Madagascar is likely to be that by
Kroese and Sauer (1998) covering the major African elasmobranch fisheries. Although
recognising the continent’s absence within the world’s top shark fishing nations
(>10,000 t yr-1 at the time) the authors bring to the fore the issue of disproportional
underreporting, placing this in a global context by making crude but plausible reestimates. FAO information puts the African commercial and artisanal elasmobranch
fleet (from the 44 countries reporting in 1995) at 440,000 vessels (FAO, 1995). They
conclude that much of the data inaccuracies arise from this sector which is likely
responsible for significant catches: a minimum of 20,000 t compared to 23,000 t from
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the industrial fleet. Indeed a “conservative” estimate for Africa as a whole is put at more
like 95,000 t (inclusive of bycatch).
The artisanal fisheries are characterised as multi-species and multi-gear with most
fishers considering marine activities as secondary to primary agricultural interests. It is
appreciated that this differs in Madagascar with many more fishers investing in fulltime fishing with new gear and equipment, a change that can be linked to the rise in
demand for shark fins and other marine products. At the time, the FAO quoted a
national fishing effort of 5.8 boats km-1 for Madagascar, used to calculate a shark catch
of 500kg km-1 of coastline. Assessment of target species and gear use suggests a
preference for gillnets, where sharks feature amongst a number of high value catch
species including large teleosts and sea turtles. A relatively large number of shark
species can also be targeted, which is preferable in a market where certain species’
carry large premiums (based on density of ceratotrichia (cartilage fibres) in the fins).
Reflected throughout the literature, more detailed species specific information is
conspicuously absent.
Kroese and Sauer are pioneering (despite limited scope) in attempting to solidify
African elasmobranch fisheries as economically and ecologically important, warranting
more attention. Outlined is a need for a structured observer programme to fill data
gaps, inclusive of effective training and implementation, a valid point that pervades
through subsequent literature even as the idea of community based monitoring
becomes the preferred (and arguably more realistic) option.
2.1.2 Shark fisheries and trade in Madagascar
Madagascar’s unique island-economy and Indo-pacifically influenced society requires
assessment apart from mainland Africa. Currently the most complete of these is Cooke’s
assessment within the WWF’s TRAFFIC (Wildlife Trade Monitoring Network)
elasmobranch trade review of the region (Cooke, 1997). Also using 1995 FAO statistics,
Cooke notes the significant increase in directed shark fisheries in the early to mid ‘90s
(+311%), but like Kroese and Sauer (1998) can only speculate as to the implications.
Field investigations at key coastal fishing centres are combined with a literature review
to attempt quantification and characterisation of regional fisheries. A key observation
was the dual influence on incentives for shark fishing from both the East Asian fin
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markets, and a growing meat market in the resource depleted Comoros islands from the
mid 1980s (despite a period of hiatus in trade following poor quality control).
Two main fishing methods were used from traditional and artisanal vessels (at the time
of writing the only commercial fishers had exited after implementation of EEZ laws by
the French). Line fishing from small vessels rarely targeted sharks, which would often
sever the equipment and was therefore limited to motorised vessels. However some
pirogues would target small reef sharks with this method, catching up to 10 sharks per
outing. Net fishing was the preferred method, often baited Jarifa (large mesh, thick-line
nets for targeting large species), with catches of up to 20 per night of a wider size range.
Reports suggested that a crew of 3 with a pirogue could land 200kg of fins in a season
using nets. Some set hook and line fishing was reported in the South, where fishing is a
serious profession for the Vezo people, but the expense and lack of availability meant
this was rare.
Cooke’s publication estimated that 25 species of shark were taken throughout
Madagascar, however difficulty in determination of local names for particular species
was detailed. Six different names for Blacktip reef sharks (Carcharhinus melanopterus),
an easily identified species, were ascertained, varying even at the village level. This
source of error pervades the literature and is a significant barrier to attaining species
specific information. Scalloped Hammerheads (Sphyrna lewini) were caught throughout
Madagascar. Blacktip Reef Sharks, Smalltooth Sandtigers (Odontaspis ferox), Spot-tail
Sharks (Carcharhinus sorrah), Tiger Sharks (Galeocerdo cuvier) and Grey Reef Sharks
(Carcharhinus amblyrhynchos) were also common in the North. Whereas the East saw
more Silky sharks (Carcharhinus falciformis) than those bordering the Mozambique
channel, not unsurprising due to their pelagic nature. Pigeye Sharks (Carcharhinus

amboinensis), and Oceanic Whitetip Sharks (Carcharhinus longimanus) were also
reported to be important catch species for artisanal fisheries in the North Western
region.
The north-western Mahajanga region, running up and into Antsiranana, houses the
majority of the artisanal shark-targeting fishermen who, thanks to the warm and calm
weather, can fish for most or all of the year. These fisheries, considered
underdeveloped, were subject to development projects by the NGO GTZ in the early
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‘90s. The project tackled decreased inshore fish catches by increasing pelagic
production through provision of appropriate size gillnets (known locally as GTZ nets).
171 nets were distributed by December 1995, with complementary training including
the targeting of sharks, in exchange for reporting commitment. Despite fishing rates
remaining low, average incomes increased from US$10-15 to US$150 per month and
catches rose from 81 mt in 1991, to 207 mt in 1993. 53% of this catch was shark.
Bycatch was identified as potentially significant, both from the domestic shrimp fishery,
and the international tuna fisheries. However analysis of this commercial effect is
beyond the scope of this study. Whether attributed to the commercial or artisanal
fisheries, a number of anecdotal accounts cried a decline in shark catches for almost all
regions, with GTZ themselves admitting that catches in Nosy Be had probably become
unsustainable.
Considering the lack baseline data the TRAFFIC study is a good start in understanding
the shark fisheries of Madagascar. However, as appreciated within the text, this is
inadequate information for creation of management plans. It is essential to narrow the
spatial and economic scales to understand how the layers of the industry fit together. In
the regional sense, Northern Madagascan fisheries are potentially heavily influenced by
the migratory nature of fishermen (Cripps, 2009) which was not assessed here but this
could have an important effect on management efficacy. As previously mentioned
research into methods for recording species specific data is paramount, however
currently discrepancies exist between this and future literature.
2.1.3 Malagasy shark fisheries on a finer scale
The only regional assessment updating Cooke’s work to date was conducted by McVean

et al. in 2006 for the Southwest Toliara region. This study illustrated a shift towards
assessment of scale and management implications. Catch data was collected through
direct observations and catch forms distributed to trained fishermen. Supplementary
information was collected using semi-structured interviews and inferences made on the
socio-economic implications of shark declines. 123 mt was recorded in 13 months from
just 13 pirogues using a mixture of gill nets and static palangres (a local name for
longlines, the proliferation of which can be attributed to the FAO run ‘Projet
MAG/9/008: Composante Peche Programme Sectoriel Peche’ which provided palangres
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for poverty alleviation). This scale of catch, and vast increase in estimates compared to
Kroese and Sauer ten years previously, highlights the necessity of these studies. Just
three villages were studied, with fourteen others of similar importance estimated to be
within 100km.
Catch details were refined, with peak catches determined as occurring in January (wet
season), reflecting catches of larger biomass sharks. For species identification local
names were again used whilst attempting integration of detailed training and
clarification of variations. Despite validation attempts through weekly sampling, the
inherent problems with using local names persisted and in addition differed to those
recorded by Cooke (1997). This is illustrated by the “Maintepate” species, the fourth
most commonly landed, remaining unidentified. Hammerheads were most commonly
taken (distinctions between Scalloped and Great Hammerheads (Sphyrna mokarran)
were not made) at 29% of the catch; followed by Grey reef sharks at 13%; and Tiger
sharks at 9%. At least thirteen species of shark were landed, all but one being reef
associated.
Interviews alluded to a decline in both number and size of sharks caught, suggesting a
potential deleterious effect on juvenile stocks in important inshore nursery grounds and
has likely led to increased use of less selective gears. This study serves as a good
benchmark of what should be done nationally, at this scale, to characterise and highlight
potential management problems. However, a number of inconsistencies within the
landings data suggest that the questionnaire method of data collection requires
improvement. Two important events since the TRAFFIC report, the influences of GTZ
initiatives and the re-opening of the meat trade to the Comoros, mean the North
requires updating.
2.2 Previous assessments of importance of traditional and artisanal fisheries
The FAO recorded 22,000 Malagasy pirogues with around 50,000 fishermen in 1996
(FAO, 1996), a four-fold increase since 1982 indicating the significance of the
traditional sector. Rises in artisanal vessels have also been noted (Cooke,1997; Kroese
and Sauer, 1995; Laroche et al., 1997; Davies et al., 2009), especially in the Northwest.
Indeed these fisheries combined (excluding subsistence activity) accounted for ~75%
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of national fisheries in 1994 (Cooke, 1997). The IUCN Shark Specialist Group attributes
5.8% of threatened elasmobranchs to the effects of artisanal and traditional fishing.
Although using the government definitions of commercial (vessels >50 HP), artisanal
(vessels <50 HP) and traditional (fishing on foot or with non-motorised pirogues)
fishing during his investigations, Cooke notes that the lines between the capabilities of
each were becoming blurred, and similarly notes the ambiguity between ‘subsistence’
and ‘commercial’ fishing. This also has effect on comparability throughout the wider
literature as the definition of ‘artisanal’ ranges from fishing on foot, to near-industrial
activities.
In a review of processes impacting shark populations by Walker (2002) a ‘trend of
gradual upgrading to allow more distant fishing’ within artisanal fishing is noted as a
growing problem in response to declining catches. This is illustrated in Madagascar
(Cripps, 2010), in addition to the abandonment of good fishing practices (Doukakis,
2007). Resorting to illegal methods such as dynamite fishing, beach seining and
spearfishing can be incredibly destructive to inshore habitats (Gough et al., 2009). In
addition, increased risk taking in distance travelled, time at sea and weather conditions
endured have driven changes in both localised fishing habits and altered migratory
habits to increase catches and profits (Cripps, 2009).
Although in this review Walker states that the extractive affects of artisanal fishing are
probably minimal, it is under the caveat that this extraction does not occur in important
breeding or nursery grounds. Other studies, such as that by McVean et al. (2006),
suggest that this is not the case. Proportions of juveniles caught in these fisheries may
indicate reduction of juvenile stocks. Small increases in juvenile mortality in taxa with
life history traits like sharks, can greatly reduce sustainability (Cortes, 2002). The
potential scale of this depletion needs inclusion in all future localised studies.
Speculation as to the effects of juvenile stock depletion, combined with or followed by
increased mid-range fishing (of both species and depths), and habitat destruction are
likely grave. The relatively small direct effect of traditional and artisanal fishing may
well be amplified by their nature and escalating desperation, therefore re-evaluation is
necessary.
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2.3 The importance of socio-economic monitoring of coastal fishing
communities
Recent investigation revealed shark meat selling for 1000 FMG kg-1 (Malagasy
Francs)(US$ 0.15); fresh large fins for 350,000 FMG kg-1 (US$ 52); and neonate fins for
6,000 FMG Kg-1 (US$ 0.90). A sale of Mako shark (Isurus spp.) jaws to a curio shop was
recorded for 250,000 FMG (US$ 37) (McVean et al., 2006). These values, the high
utilisation of parts and the amounts landed were taken to indicate a significantly
increased reliance on shark as a means of additional income. In the 11 th poorest country
in the world, even minor poverty relief is important. It also means that a significant
drop in earnings (and therefore catch) can be endured before the fishery becomes
unviable, especially in this mixed-catch environment (although catch declines may be
initially masked in trade data by price increases as supply lags behind demand). This
kind of situation is known to lead to collapse (Randall, 1987).
Socioeconomic assessments are important in understanding drivers of activities such as
increased incidence of IUU, development of new target fisheries and identification of
localised management options. Fisheries have again received little attention in the
terrestrial-centric literature for Madagascar. However, the aforementioned decentralisation of management had led to establishment of successful Dinas (local laws)
along with locally managed protected areas (such as Velondriake protected area
network in the Southwest (Harris, 2007)), which by their nature command greater
compliance than top-down legislation (Rakotoson & Tanner, 2006). A theme of these
successful initiatives has been detailed socio-economic understanding of the area before
implementation.
Development of guidelines in these assessments has been important, with organisations
like SocMon WIO providing detailed texts on which to base research. This is important
for comparability between studies, sites and regions. Cinner et al. (2008) recognise the
importance of understanding how fishers might react to declining stocks and the factors
driving their decisions, which was tested in small-scale fisheries. This analysis
supported the theory of poverty traps within natural resource exploitation in
developing countries, concluding that poverty alleviation for the poorest (but not
necessarily most impacting) fishers would likely lead to reduction of effort in
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overexploited fisheries. In another study it is found that whilst adaptive capacity exists
in most Malagasy fishing communities, distrust of resource managers and conflicts
between communities may render this potential impotent (Cinner et al., 2009b). This
finding has allowed direction of education efforts, feedback and investment towards the
most effective management strategies.
Drivers acting on higher levels within trade are becoming better understood, however
drivers of the lower, exploitative levels require more research to predict responses to
further declines in shark stocks. How much of the increased interest in shark fishing is
for poverty alleviation (additional incomes) and how much could be replacement of
decreasing catches of other important species (subsistence)? This issue is not black and
white, shark meat is not preferred by the Malagasy, but catches of favourable fish are
decreasing. Even if the shark isn’t eaten, the money from its sale may be used to replace
parts of a normal diet no longer be provided by the individuals own fishing effort.
Although this doesn’t constitute additional income, essentially maintaining status quo,
can it really be considered subsistence?
Many more socio-economic assessments require implementation to structure local
management initiatives, with collaboration of NGOs and regional bodies responsible.
Methods need to be designed explicitly for synthesis and comparison with nearby and
further afield studies to achieve the desired bottom-up effect and minimise
management failures through misunderstandings in resource reliance (for example the
Moheli Marine Park in the Comoros (Poonian et al., 2008b)).
2.4 Current level of reporting to the international community
None of the above assessments will be effective if managers are unable to identify the
problem areas in terms of catch quantities, species composition, and characterise both
these elements in relation to fishing techniques and habits. This requires catch
reporting, an aspect of international obligations Madagascar is largely overlooking, not
just with regard to sharks.
The national legislation that covers/could cover sharks, summarised by Cooke (1997),
is hazy, fragmented and transitional. One decentralisation (originally termed “Rational
decentralisation”) has followed another (more recently creation of a national cross-
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sector integrated coastal management committee, CN-GIZC) in well-meaning attempts
at bottom-up management. However, this makes tracking and reporting of activities
incredibly difficult (Harris, 2011). This is not the fault of those who would seek to fill
this knowledge gap (as presented earlier methods are so far flawed largely by logistical
problems) and are subject to development of existing promise. The main issues lie with
investment (ideally an extensive funded observer programme might set an effective
baseline on which later fragmented studies could be judged), capacity, and corruption.
Political upheaval since independence in 1960 has meant that successive governments
have not prioritised catch recording, which for directed shark catch is non-existent (Le
Manach et al., In Press), although overall misreporting rates appear to be decreasing.
What small amounts of information on shark catch (not defined within ‘bycatch’) that
may exist have not made it into international fora, for whatever reason, whether it be
disincentives like excessive paperwork or deeper corruptions. Although attempts at
small-scale observer programmes have been made by the FAO (Cooke, 1997) it is clear
that a larger initiative is necessary, and quickly.
2.5 How data gaps are being tackled elsewhere
The above problems occur globally, but a number of countries are further ahead in the
tackling of them. Castillo-Geniz et al. (1998) used intensive catch monitoring for a
general assessment of the Gulf of Mexico shark fisheries. The results revealed a high
juvenile capture rate, suggesting overexploitation of nursery grounds and led to several
precautionary recommendations being implemented by relevant management bodies.
Bizzarro et al. (2009) later conducted seasonal surveys at Sonora, Mexico to
characterise the regions artisanal fisheries. They were able to gain information on catch
composition to serve as a baseline for future monitoring. More recently Cartamil et al.
(2011) used beach surveys and the novel technique of identifying discarded carcasses
of sharks to characterise catch composition. Their findings supported that of Castillogeniz et al. in high juvenile capture rates and will also serve as an effective baseline for
further study.
Use of questionnaire and recall data has not been extensively trialled in elasmobranch
fisheries. Yet it could be an effective way of gleaning basic information necessary for
direction of further study in areas where logistics and political situations render direct
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observations difficult. Within Madagascan turtle fisheries, use of community members
for catch recording has proven successful (Humber et al., 2010). Similar trials could be
beneficial for development of shark monitoring.
2.6 Key Informant site characterisation
All sites characterised below are located on the West coast of the Antsiranana region
(Fig. 3.2) and were used for Key Informant interviews.
Ambanio (AMB):
A small permanent village, populated exclusively by fishing families, Ambanio is linked
only to Port Saint Louis by a semi-permanent dirt track through regularly flooded
mangroves. Pirogues land their catch on a sand spit at the end of a large tidal range
inclusive of these mangroves. Daily trade of catch is made by collectors on bicycles,
taken to Port Saint Louis and either traded there or taken further to Ambilobe (the
nearest market). Fishermen target elasmobranchs, pelagic and reef teleosts, and sea
cucumbers.
Ampasin’ antegeny (AMP):
Cut off by mangroves and flooded daily, a cart track exists linking Ampasin’ antegeny to
the nearby Antegeny, where infrastructure is better with a school and medical facilities.
The village is governed by the local President, who heads an elected council in which
women are not included. The main employment is fishing, with an estimated population
of more than 300 people. Targets in this village include elasmobranchs, pelagic and reef
teleosts, and crab.
Port Saint Louis (PSL):
A formerly important port for the region, this village hosts a recently closed (2001)
sugar cane factory which used to be the main source of employment (either directly or
through agriculture). Now the majority of the ~300 inhabitants are supported by
fishing and migratory fishermen live in temporary buildings near the port. Fishermen
target elasmobranchs, pelagic and reef teleosts, and sea cucumbers. The port is visited
by both pirogues and vedettes, with large amounts of dried fish, shark and fins from
long excursions and nearby fishing villages landed here for transfer to markets (Fig.
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2.1). The closest market is Ambilobe, 36km away. Village governance operates through
a village council of elected members inclusive of a President and female members.

Fig. 2.1. Photos of shark
landings at Port Saint Louis: A =
Shark fins drying at the local
Gargotte; B = Shark meat drying
on the railings of the
abandoned sugar cane factory;
C = Cart filled with wet shark
meat; D = Dried shark meat
being unloaded from vedettes.
Photos taken by the author.

Andavanemboko (AND):
This village is also run by a council with a President and is populated by around 200
people in fishing families living here permanently. There is no water source, instead a
supply is collected daily by pirogue from a nearby village. The main targets are
elasmobranchs, pelagic and reef teleosts, and shrimp. Access is through mangroves by
dirt track and the village is periodically cut off, although large vehicles are able to make
it here. Shrimp and fish are dried on site in large quantities and transported to Port
Saint Louis.
Ampasindava (AMPD):
Part of the Nosy Hara Marine Park, Ampasindava has road access from Diego Suarez
only during the dry season (May-Oct) and hosts a number of tourists, with many
working in the tourism sector, as well as housing fishermen and their families. A
number of vedettes and pirogues operate out of the village, fishing in the permitted
sections of the park. The park is policed by Madagascar National Parks (MNP)
authorities and therefore compliance is likely to be higher than in other areas. Targets
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include elasmobranchs, pelagic and reef teleosts, crab and sea cucumbers. The park has
three zones: 1. A coastal forest and inshore zone which is classed as no-take; 2. One
semi-protected but controlled fishing area; 3. One fully fished area protected from
commercial vessels. The nearest market is 7km away in Mangoako, which is accessed by
foot in the wet season (Nov-Apr).
Vahilava (VAH):
Vahilava is a purely migratory community, with fishermen and their families taking up
residency only during the dry season. Sitting on the edge of the Nosy Hara marine Park
the main access is by boat and predominantly vedettes operate here. As well as
targeting elasmobranchs and pelagic teleosts, gleaning for octopus, sea cucumber and
reef teleosts is an important activity whilst the extensive reef is exposed during low
tide. Around 150 people move here from nearby fishing communities as far afield as Cap
Diego (Diego Suarez peninsula). However migrant fishermen from the East coast are
strictly controlled, with only 50 a year permitted. Catch is transported by boat to
Ampasindava, and by vehicle from there. An elected President controls village rules
with a council inclusive of women. MNP enforcement is generally respected, with local
fishing grounds subject to the rules of the park as well as local Dina.
Table 2.1. Village infrastructure.
Facilities
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AMPD
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Year-round road access













Public transport













Catch processing facilities
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3. METHODS
3.1 Conceptual framework
In order to piece together relevant aspects of the artisanal and traditional fishery, and
how shark catches fit within it, a number of parameters were investigated. Methods
were designed to complement those of previous studies in other regions of Madagascar,
allowing comparison and synthesis. To gather this information and identify regional
management pitfalls several aspects of the fishery were investigated: commonly caught
species; gear types used for targeting shark; fishing habits of those catching shark;
extent of fully targeted vs. mixed fishery; socioeconomic characteristics of those
catching shark; perceptions of changes within the fishery; and local opinions on options
for management.

Fig 3.1. Conceptual framework of data collection methodologies for identification of
management options, future research and likely pitfalls.
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To address these various elements five datasets were collected over a period of nearly
two years: End of the Line (EOTL) data; key informant interviews; site characterisation
at KI interview sites; landing site monitoring; and focus group interviews for
identification of local names for sharks. Fig. 1 shows how these elements feed into the
wider picture for future management.
3.2 End of the Line bycatch questionnaire
Previously collected structured ‘bycatch’ interview data from C3 was provided, for
which methodological guidelines were taken from Bunce et al. (2000) and Malleret-King

et al. (2006). Methods were also developed from those used in Moore et al. (2010), and
Poonian et al. (2008a). Respondents were 570 fishermen from 14 separate fishing
villages from July 2009-June 2010, and interviewers used opportunistic and snowball
sampling to identify respondents. Sites were selected based on identification of their
significance as a landing site and villages where the predominant occupation is fishing.
Interviewers were either C3 staff/interns accompanied by a translator or local students.
Respondents were questioned individually on their gear use and fishing habits, using a
mixture of structured and open questions (see Appendix II).
Table. 3.1. Study sites used for EOTL questionnaires with sample size at each. All sites
are located in the Antsiranana region excluding Lalandaka which is located in the
Mahajanga region.
Site
Code
ABVY
ADY
AMB
AMPK
ANB
ANT
ANTS
APD
HRG
LAL
NFA
RAM
VAH
VOH

Site name

Coast

Dates surveyed

N

Ambilove
Andavanemboko
Ambolobozokely
Ampisikina
Ambanio
Antegeny/ Ampasin' Antegeny
Antsako
Ampasindava
Irohona
Lalandaka
Nosy Faly
Ramena
Vahilava
Vohemar

West
West
East
East
West
West
West
West
West
West
West
East
West
East

23/6/10
16 - 17/8/9 ; 5/5/10
4 - 8/2/10
19 - 21/2/10
6 - 7/5/10
29/4 - 4/5/10
21 - 30/6/10
26 - 28/7/09 ; 27/5 - 1/6/10
30 - 31/5/10
20 - 21/6/10
11 - 14/8/09
15 - 18/7/09 ; 16 - 21/3/10
25 - 28/5/10
24/2 - 2/3/10

2
27
17
8
16
48
14
42
3
5
28
53
20
40
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3.3 Key Informant questionnaire
Twenty minute semi-structured questionnaires were designed by the author using
advice and methods developed in SocMon, Blue Ventures studies and independent
publications (McVean et al. (2006), Cinner et al. (2006), Cinner et al. (2008), Bunce et

al. (2000) Malleret-King et al. (2006), and Moore et al. (2010)) (see Appendix III). Sites
were selected using the previously collected EOTL questionnaire data under the
criteria: Landing sites with largest number of fishermen catching shark; landing sites of
shark fishermen with highest catch frequency; and sites with most shark landings
between May-Aug. This was intended to allow the largest sample of both shark
fishermen and catch landings possible from the sites studied during EOTL data
collection within the available time frame (Apr-Jun 2011). Sites chosen were six fishing
villages located on the West coast of the Antsiranana region at the Northern-most tip of
Madagascar: Port St. Louis, Ambanio, Antgeny, Ampasin’ Antegny, Ampasindava and
Vahilava (see Fig 3.2.). Sampling time at each site varied from 1-5 days dependent on
logistics, commitments of researchers and variability of fishing habits.

Fig. 3.2. Map of study sites within the Antsiranana region in relation to Diego Suarez
and the rest of Madagascar. (Map of Madagascar courtesy of www.mapresources.com)
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Key Informants were identified using a mixture of opportunistic and snowball sampling
(Bunce et al., 2000). All fishermen must have caught shark using their current gear.
However, respondents were not necessarily targeted shark fishermen. Reports of ray
capture were noted but not included in the study. It was intended that all respondents
would have fishing experience of more than 10 years, however due to problems with
presence of fisherman and the occurrence of dual investigations (also conducting fin
trade interviews) it was necessary to compromise on this. Researchers were
accompanied by a translator with experience of the area and its fisheries, with
questionnaires translated directly during sampling.
3.4 Site characterisation
Short semi-structured interviews were conducted with leaders at each village
(excluding Ambanio due to its size and the length of the study period), with either the
President or Foccitane chief, in addition to direct observations. A set of questions and
observations were designed using methods from, Cinner et al. (2006) and Cinner et al.
(2008) along with appropriate alterations (see Appendix IV). The same interview
technique and translator were used as for KI interviews.
3.5 Landing site data
All sharks landed fresh during the study period at each site were recorded,
unfortunately it was not possible to record all dried landings (the majority) due to
logistical and identification problems. Photographs of fresh sharks were taken for later
species identification. For ease of conversion to biomass from existing data
(http://www.fishbase.org/) three length measurements were taken: Fork length,
Precaudal/Standard length and Total length (Kohler et al., 1995), and sharks were
sexed. Biomass calculations used FishBase length-weight conversion data with the
formula: weight (g) = a × length (cm)b.
3.6 Local species names identification
Interviews were conducted at two of the large sites (Ampasindava and Port St. Louis)
with local fishermen and traders to try to identify local names down to the lowest
taxonomic grouping. Using the Campagno et al. (2005) identification guide, species
identified as appropriate using the sources Cooke (1997), McVean et al. (2006), Shehe &
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Jiddawi (2002) and FishBase were shown to respondents and local names ascertained
when a species was recognised. Frequency of identification was noted and collated with
those of previous studies.
3.7 Data analysis
Data was analysed using the statistical package R 2.11.1 (R Core Development Team),
with significant accepted at <0.05. All qualitative data was coded into categories
according to appropriate criteria decided upon by the author, having necessary
underlying knowledge of the fishery, local names and phrasings.

4. RESULTS

4.1 Fishery characterisation
4.1.1 EOTL results:
A total of 570 interviews were conducted across 14 sites over the course of 11 months.
324 of the respondents confirmed that they caught shark and this was the sample used
for analysis. The majority of respondents (67%) fished from the smaller pirogues, 33%
from larger vedettes. Variability in purposeful and accidental capture differed (Fig.
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Fig. 4.1.1 Proportion of
‘accidental’ and ‘purposeful’
respondents fishing with pirogue
(n = 243) or vedette (n = 30). Bar
width proportional to n.
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4.1.1.), with 35% of pirogue fishers but 72% of vedette fishers claiming to target shark,

Fig. 4.1.2 Proportion of
respondents stating that they
catch shark ‘on purpose’ at each
study site.
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Pearson’s chi-squared test showed this to be significant (χ² = 29.5106, d.f. = 1, p =
<0.001). Proportion of respondents claiming to purposefully catch shark also varied by
village and this difference between all villages was significant (Pearson’s Chi-squared
test, χ² = 47.2391, d.f. = 13, p = <0.0001)(Fig. 4.1.2). Ampasindava, Irohona, Nosy Faly
and Ramena appear to be the most prominent shark fishing sites. No significant
difference was observed in purposeful shark capture between east and west coasts (see
Appendix 1, Fig. 6.8).

Fig. 4.1.3. Fishing characteristics by vessel type used. A = Boat length for pirogues and
vedettes; B = No. of fishers (crew) per boat for pirogues and vedettes; C = No. of
months fishing for pirogues and vedettes; D = No. of months commonly catching shark
for pirogues and vedettes.

Pirogues varied in length from 4 to 7m with an average length of 6m, and were
generally equipped with a sail, although it is known that pirogue fishermen of the region
will sometimes attach engines to the small vessels. Vedettes were generally more than
7m long and equipped with one, sometimes two outboard motors. Despite claims that
pirogues in the region are increasing in fishing range (Cripps, 2010), a significant
difference in lengths between pirogues and vedettes still exists (Fig. 4.1.3A. Wilcoxon
rank sum test, W = 3315, p = <0.0001). Considerable variability existed regarding the
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number of fishermen operating from each vessel, but despite higher variation of this
factor from pirogues (Fig. 4.1.3B.), a propensity for carrying more fishermen on
vedettes was still significant (Wilcoxon rank sum test, W = 973.5, p = <0.0001). Vessel
type also had a bearing on the number of months of the year fishermen claimed to be
actively fishing, with pirogue fishers active for more months than vedette fishers (Fig.
4.1.3C. Wilcoxon rank sum test, W = 9029, p = 0.013). Fishermen from the two vessel
types also reported a significant difference in the number of months they were
commonly catching shark, with an increased window for vedette fishers (Fig. 4.1.3D.
Wilcoxon rank sum test, W = 6552.5, p = <0.0001).
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Fig. 4.1.4. Frequency of
respondents using or not using
different gears. A = Net use; B =
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Fig. 4.1.5. Proportion of
respondents stating longline use
for each boat type.

For ease of comparison responses to gear use questions have been graphed as
frequencies of yes and no responses (Fig. 4.1.4.). 51% of total respondents claimed to
use nets (inclusive of GTZ nets which would ideally be grouped within Jarifa use,
however an inability to determine mesh size and observed propensity for smaller mesh
sizes meant they were grouped within Net use), 33% longlines (the local name for line
fishing, hereafter longline), 23% Jarifa, and 2% Harpoons. Longline use between the two
types of vessels was relatively equal (Fig. 4.1.5), with 53.5% of pirogue and 63.6% of
vedette fishers reporting use, Pearson’s Chi-squared test found no significant difference.
Although Cooke (1997) did not report exact proportions, these data suggest that
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longline use to target shark has increased significantly. The vast majority of these lines
had just one (61%) or two hooks per line (32%), but up to 20 hooks per line were
reported (Appendix 1. Fig. 6.4.).
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Fig. 4.1.6. Fishing habits of fishermen for each boat type. A = Fishing frequencies as
proportion of respondents; B = Duration of fishing trips as a proportion of
respondents.

The majority of respondents (54%) fished daily, with 24% going out 5-6 times per
week, 20% 2-4 times per week, and just 2% once per week. This varied between vessel
types however (Pearson’s Chi-squared test, χ² = 21.0225, d.f. = 3, p = <0.0001), with a
noticeably higher proportion of pirogue fishers fishing every day, and a higher
proportion of vedette fishers fishing 2-4 times per week (Fig. 4.1.6A). Intermediate
frequency fishers (5-6 times per week) and infrequent fishers (once a week) varied less
in their vessel use. The vast majority of fishing trips were under 24 hours (99%).
However, significant differences were noted between pirogues and vedettes when
considering fishing trip duration (Pearson’s Chi-squared test, χ² = 28.7087, d.f. = 4, p =
<0.001), with vedettes much more likely to fish for the entire day (10-24 hours),
whereas a larger proportion of pirogues fished for less than 10 hours before returning
to land (Fig. 4.1.6B). Although key informant respondents revealed that trips could be
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up to 21 days long, these trips were characterised by fishermen stationing themselves at

30
10

20

Fig. 4.1.7. Percentage of
respondents stating that they
commonly catch shark during
each month.

December

November

October

September

August

July

June

May

April

March

February

January

0

Percentage of Respondents

40

migratory sites or on small islands and the fishing times could not be qualified.

The frequency of respondents saying they can commonly catch shark is variable
depending on the month, with the most fishers confirming high shark catches between
December and March (the wet season) and a visible trough from July to September
(dry/windy season)(Fig. 4.1.7). The peak month is February, and the nadir is during
July.
Increases in fishermen since Cooke’s report (1997) may have disproportionately
increased vedette fishers, and although pirogue lengths are the same anecdotal
evidence of increased accidents and deaths at sea suggest increased risk-taking in terms
of locations and weather tolerated. In addition, increased numbers using longlines to
target shark support this risk-taking behaviour and one interview revealed a method
wherein a metal cable is attached before the hook in order to protect the line from
severing by sharp teeth, allowing sharks to be targeted. Any developments in the
fishery since the 1997 review seem to be in terms of vessel capabilities and effort rather
than gear, perhaps after withdrawal of gear exchange schemes deemed inappropriate.
For the four most commonly recorded local names, up to nine different species were
identified (Fig. 4.1.8). The most variable name was ‘Botramavo’ (identified by Cooke
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(1995) as the Blacktip reef shark) for which nine species were identified, spanning
three families and two orders, with the largest proportion identifying them as
Bullsharks (Carcharhinus leucas). Seven species were given for ‘Akio Beloha’, again with
the largest proportion for the Bullshark. The majority of respondents identified
‘Ambontso’ as

Nurse

sharks (Shorttail Nurse

sharks,

Pseudoginglymostoma

brevicaudatum), but a reasonable frequency of six other species were also recorded.
‘Akio kary’ was most commonly identified as Zebra sharks (Stegostoma fasciatum), but
five other species were given.

Fig. 4.1.8. Proportion of respondents identifying different shark species by four
commonly used local names (combined data from EOTL and KI interviews).
4.1.2 KI results:
Key informant interviews were conducted with 26 fishermen who catch shark regularly.
31% of respondents fished from pirogues and 69% from vedettes. Of these 5 were
owners of their vessels, 3 shared their vessel with partners or family members, and the
majority (9) worked for the owner of the vessel, mostly using their own gear or
combining nets as a group.
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Table 4.1. Summary statistics from KI interview questions relating to catch and gear
characteristics. Results are given as a percentage of KI respondents (catch
composition (species regularly caught/targeted) n = 25, and gear used to target shark,
n = 25), or as an average of responses with standard errors (catch estimation
(estimation of good, average and bad catches), n = 24).
Catch composition

Gear to target shark

Catch

% KI

Gear

% KI

Pelagic fish
Reef fish
Sea cucumber
Crab/lobster
Shrimp
Octopus

88%
72%
20%
20%
8%
8%

Jarifa
Gillnet
Other

44%
28%
8%

Turtle

8%

Catch estimation (all species)
Average daily
weight

SE

173 kg
89 kg
43 kg

± 37.84
± 19.95
± 11.66

Good
Average
Bad

Catch composition was split into groupings based on different gears and fishing habits
required. All fishermen also caught shark, 22 of 26 deliberately targeting shark. Of the 4
respondents saying they caught shark accidentally all stated that they sell the shark for
additional income. The most common targets were teleost fish from pelagic and reef
environments, followed by sea cucumbers and large crustaceans.
4.2 Perceptions, changes and management for the fishery
4.2.1 EOTL results:
Of the respondents analysed (i.e. those catching shark ‘accidentally’ or ‘on purpose’)
56% felt positively towards shark (Fig. 4.2.1A), and the large majority of these
respondents claimed this was due to money earned from their capture, with a few
additionally stating that money and food was the reason (Fig. 4.2.1C). Of those who felt
negatively towards shark (20%), the predominant reason was damage caused to gear,
followed by the rather ambiguous reason ‘sharks are bycatch’, and the disruption of
other, more important catch species (Fig. 4.2.1D). An analysis of feelings towards sharks
taking into consideration accidental or purposeful capture gave a significant difference
between the two types of fishermen (Pearson’s Chi-squared test, χ² = 32.6477, p =
<0.0001)(Fig. 4.2.1B). Those stating feelings in the positive category were
predominantly targeted fishermen, whereas those in the negative and neutral
categories were mostly accidental fishermen. However the difference between
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accidental and deliberate fishermen in the negative reasons category was less marked,
although a higher proportion of accidental fishermen fell into this category.
A relatively equal number of respondents claimed increases and decreases in the
number of sharks since beginning fishing (42% and 40% respectively)(Fig. 4.2.2.A)
which is not in line with results of other studies. However the appreciation of increases
in numbers of fishermen is rather more distinctive, with 73% reporting an increase and
8% a decrease (Fig. X4.2.2B). A non-significant relationship exists between age of
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respondent and perceptions of change in fishers or sharks (see Appendix I, Fig. 5+6).

Fig. 4.2.1. Feelings towards sharks and their capture. A = Frequency of respondents
claiming positive, negative, mixed or neutral feelings towards sharks; B = Feelings of
fishermen as a proportion of those stating they catch shark ‘accidentally’ or ‘on
purpose’; C = Frequency of different reasons stated by respondents in the positive
response category; D = Frequency of different reasons stated by respondents in the
negative response category.
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Fig. 4.2.2. Fishermen’s perceptions of changes within the fishery over their time
fishing. A = Frequency of respondents stating an increase, decrease or lack of change
in shark numbers; B = Frequency of respondents stating an increase, decrease or lack
of change in numbers of fishermen; C = Frequency of reasons given by respondents in
the decreased shark numbers category; D = Frequency of reasons given by respondents
in the decreased fishermen category; E = Frequency of reasons given by respondents in
the increased shark numbers category; F = Frequency of reasons given by respondents
in the increased fishermen category.

Reasons stated for decreases in shark numbers were most frequently; increased
numbers of fishermen (47%), then overexploitation (fishing too hard – 20%) and the
use of Jarifa and GTZ nets by these fishermen (18%)(Fig. 4.2.2C). Increases in sharks
were mostly attributed to fewer fishermen targeting them (25%) which occurred
predominantly at sites with tourism activity, then the fact that they are caught
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frequently (i.e. visual sightings but no explanation as to why – 21%), followed by sharks
having naturally high abundance (18%) and high fecundity (18%)(Fig. 4.2.2E).
Decreases in fishermen were not stated by a large number of people, however the most
common reason was decreased fish abundance, then lack of access to gear, followed by
increases in tourism (alternative employment)(Fig. 4.2.2D). According to the majority
of respondents, the reason for increases in fishermen are unemployment (30%), the
chasing of profits (18%), population increases (16%) and decreased entry into
education (8%) (Fig. 4.2.2F).
Fifty two percent of respondents recognised some kind of gear restriction (either by
national law or local Dina) within the region in which they fish, although seeming low
this may be related to the diverse range of gears used and fishers being aware only of
their specific
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Fig. 4.2.3. Knowledge and
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fisheries restrictions. A =
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niche or due to regional variations. Thirty two percent of these recognised illegalities in
the use of mesh sizes less than 2 fingers (~2cm), 27% in the use of fine mesh net (or
mosquito nets) and 11% the use of SCUBA equipment for harvesting of Sea cucumbers
(but also to spearfish for reef fish and reportedly reef sharks) (Fig. 4.2.3A). Beach
seining was also appreciated as illegal by 4%, however there is likely some overlap with
use of mosquito nets (not always mutually exclusive), and few fishermen with boats
partake in this activity. The majority of respondents appreciated that most restrictions
were to prevent the harvesting of juveniles (72%), with fewer respondents stating that
over-exploitative gear was banned (13%) and the indiscriminate nature of some gears
was the reason for their prohibition (6%)(Fig. 4.2.3B). Seventeen percent of
respondents also recognised seasonal closures within their region (Fig. 4.2.3C), and
sited regulation (no explanation as to why) as the main reason. However a number of
respondents

did

also

appreciate

stock

regeneration

as

a

reason,

and

breeding/maturation of fish.
4.2.2 KI results:
Based on change in catch over time, 17% of key informants claimed an increase in their
overall catch, with just 8% stating the same for shark catches. Accordingly 54% stated a
decrease in overall catch, and 68% in shark catch. Those stating that catches had not
changed were similar, with 29% for all catch, and 24% for shark catch (Fig. 4.2.4A+B).
Looking at the effects of time in the fishery, there is a potential skewing of this
perception by inexperienced fishermen. This may explain the discrepancy in answers
between the two questionnaires (see Fig. 4.2.2). There was a clear tendency for key
informants to report increased numbers of fishermen over time (84%)(Fig. 4.2.3), and
indeed of the 12% reporting decreased fishermen all stated that this was a very recent
change (often stating an overall increase) due to increased tourism activity.
When questioned as to influences on shark populations, both real and hypothetical,
almost all respondents gave ecological or anthropogenic reasons, with few based on
local superstitions or fadys. Fig. 4.2.5A shows the majority of key informants stating the
number of fishermen to be the biggest influence on the number of sharks in the sea,
followed by the types of gears used. The answer ‘sharks move/avoid’ related equally to
avoidance of gear and superstition (sharks being scared away by the sight of finning
practices). Only three respondents appreciated an influence from shark life
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histories/ecology. The most commonly given preferable management option was closed
seasons for shark fishing, followed by restrictions on specific gear use. If you combine
the suggestions of increased compliance with increased enforcement (which could be
managed under the same mechanism but which the fishermen see as separate issues)
then there is also strong relative support for this (Fig. 4.2.5B).
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Fig. 4.2.4. Respondent’s
perceptions of changes
within the fishery over time
fishing. A = Frequency of
respondents stating an
increase, decrease or lack of
change in total catch; B =
Frequency of respondents
stating an increase, decrease
or lack of change in shark
catch; C = Frequency of
respondents stating an
increase or decrease in
number of fishermen.
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4.3 Socio-economic assessment
KI results:
Reasons given for catching shark were: money from fins (88%); money from meat
(77%), and food (31%). No respondents stated that they targeted shark as replacement
for decreased catches of other species. The large majority of reasons given were for
additional income rather than subsistence or necessity and anecdotal information
suggests that consumption may be considerably lower despite low market value
(~5,000 FMG per Kg, compared to ~25,000 FMG per kg for Zebu (beef)) as the meat is
considered very undesirable.
B
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Fig. 4.3.1. Assessment of dependence on shark fisheries. A = Difference in percentage
income from shark for those fishing by pirogue and those fishing by vedette. B =
Proportion of respondents falling into categories of percentage income from mixed
catch and shark. Dark bars = mixed catch, light bars = shark (n = 25).

None of the key informant respondents reported complete dependence on shark for
their income, and only one complete dependence on mixed catch (with shark just a
subsistence part of the catch). The difference in income from the two sources was not
significant overall, however Fig. 4.3.1B shows that a higher proportion of fishermen
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with a high dependence on one or the other (81-100%) attribute this dependence to
mixed catch. Dependence on just shark catch between vessel user groups was very
variable (Fig. 4.3.1A), and despite not differing significantly shows a higher spread for
pirogue users than vedette users, and a higher median income for vedette users from
their shark catch. There was also no significant recorded occupational multiplicity
amongst fishermen, regardless of dependence on either catch. All key informants listed
fishing as their predominant occupation and none stated significant income from any
other sources except trade of marine resources (apart from some subsistence
agriculture).

Fig. 4.3.2. Target multiplicity differences between boat types. Seven target categories
were used: Pelagic fish, Reef fish, Elasmobranchs (inclusive of rays), Octopus, Sea
cucumber, Crab/lobster, Shrimp and Other (only recorded once as turtles).

Target multiplicity (of the seven categories detailed in Table. 4.1.) did not vary
significantly between vessel type. However Fig. 4.3.2 shows that again there is more
variability in the targeting habits of those fishing by pirogue with a higher median
number of targets, fitting logically with Fig. 4.3.1A above of more variable dependence.
No vedette fishers targeted more than four of the categories, with the majority stating
that they catch two or three of the categories, whereas certain pirogue fishermen would
target all seven.
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4.4 Landing site data
Landing site data collection was hindered by a number of logistical, seasonal and
organisational factors. During the sample period 35 individuals were recorded, most of
which (23 individuals) came from a single vessel fishing for around 6 hours coastally at
Andavanemboko. Three species were confirmed within the composition of these
records: Grey reef sharks, Scalloped hammerheads and a Whitetip reef shark. A number
of the individuals could not be identified past family level (all Carcharhinidae spp.) on
site due to their juvenile status, social and time constraints prevented further
identification measures being taken. Pigeye sharks mentioned as prolific by Cooke, were
neither mentioned during interviews, nor identified by fishermen which could suggest
either a dramatic change or discrepancies in identification. Similarly the Giant guitarfish
(Rhynchobatus djiddensis), a ray previously reported as fady to catch in the region, is
now not only viewed as the most valuable of all elasmobranch catches with a dense
concentration of ceratotrichia in their fins (and fadys now largely ignored), but also as
near impossible to catch due to severe declines since the late ‘90s.
Sizes ranged from 27-131cm and it is therefore likely that all sharks recorded were
juveniles as they all fall significantly below the length at first maturity estimates of

Carcharinidae spp. stated by FishBase. A Whitetip reef shark at 131cm caught at
Vahilava is the only possible exception, as they are noted to mature between 105109cm (FishBase). All Scalloped hammerheads (n = 7, 20% of all observations) were
confirmed under the length at first maturity. No fishermen admitted to discarding, and
despite some claiming that others did there was no evidence of this and no fins were
landed without carcasses in the observation period.

5. DISCUSSION
5.1 Overview of the shark fishery of Antsiranana
The Antsiranana region’s shark trade appears to be heavily influenced by its proximity
to the important shark fishing region of Mahajanga, centres of trade such as Ambilobe
and Ambanja, and significant international links (C. R. Hopkins, Pers. Comm.).
Indications of increased importance for sharks at certain sites may be qualified by KI
site characterisation information, which revealed low levels of infrastructure provision
even at relatively important transportation sites (e.g. Port St. Louis). This variability
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could be controlled by road access and therefore be influenced by season. This in turn
has an effect on the migratory habits of fishermen, which was not quantifiable in this
study but the structure of which is partially described in Raynaud (2010). An east-west
migration of fishermen from sites such as Ramena within the bays surrounding the city
of Antsiranana, to temporary dry-season sites such as Vahilava, is reflected in
observations from this study. This critical aspect of the fishery warrants further
attention in order to yield effective spatio-temporal effort information and analysis of
scale critical for formation of management plans, not just for shark fishermen but the
region’s fisheries in general.
Target species are still essentially unknown, although his study has helped to solidify
the problem, and a grasp on quantifying both catch and juvenile contributions remains
critically absent. Significant juvenile catch, identified during the KI collection period,
although limited in scope and likely affected heavily by seasonality, suggests this could
be a larger issue than previously appreciated. Declines of Giant guitarfish reported by
fishermen support Dudley & Cavanagh (2006) and indicate that a stock assessment of
this species is a matter of urgency. With basic ecological information such as location of
breeding and nursery grounds of all sharks in the region, a detailed overall assessment
should be an absolute priority.
Clearly changes have occurred in the fishery that do not follow the normal pattern of
development (Carvalho, 2010), potentially due to skewing by the high value of shark fin
and outside influences. Although changes in the relative proportions of vessel types are
possible, little increase in sophistication of fishing gear is evident. Instead effort seemed
to be increased by the habits and targets of fishermen and the risks they are willing to
take, rather than technology. Whatever the reason, this study indicates that the lines
defined by the government between scales of fishing are beginning to blur considerably
and the effort criteria used may need revision for allocation of management techniques.
5.2 Traditional, artisanal and commercial – where are the lines?
The Madagascan government defines its fisheries by effort capabilities as (Decree 94112):
-

Traditional – fishing conducted on foot or in non-motorised vessels.
Artisanal – fishing conducted using boats with motors of 50 Hp or less.
Commercial – fishing conducted using boats with motors of more than 50 Hp.
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These definitions also pervade the Madagascar-based literature, with both Cooke
(1997) and McVean (2006) basing their assessments around them. Universally there is
no clear definition of scale, and due to this ambiguity the FAO has never attempted to
quantify catches. Despite this there is a growing appreciation for the importance of
small-scale fisheries which tend to thrive without the perverse investment and
development assistance bestowed on commercial fisheries (Mathew, 2003) and are
potentially the world’s fall-back should fisheries reach the point of collapse predicted
under the scenario of ‘business as usual’ (Pauly et al., 2002).
The data presented here calls into question the lines drawn in Malagasy fisheries,
particularly between traditional and artisanal methods, and there are a number of
reasons for this. Firstly the predominant use of static gear somewhat nullifies the use of
engine size as an effort parameter. Secondly the advantage to fishing by vedette
(artisanally) conveyed by the data appears to be purely associated with location,
duration and number of fishers carried, not effort. Vedettes fishing further afield and in
deeper water would count as a displacement of effort onto more pelagic stocks rather
than increased effort. The lack of advantage in terms of gear use conveyed by vedette
use may be explained by the fact that more fishermen on board can operate more
nets/longlines (See Appendix 1, Fig. 6.7). However observations suggest that a trade-off
exists between housing fishers, catch, ice and/or salt. Therefore qualifying the
advantage is again complicated. It is potentially more to do with the target species than
with hold space as there is a likely interaction between value per kg (higher for sharks
than for most other fish) and fishing habits. Again, this increased effort parameter has
little to do with engine size and can be extremely variable for both vessel types.
Pirogues fishing more months of the year is an unexpected outcome, traditionally they
would lower fishing efforts during the dry season when weather is less favourable,
potentially switching to seasonal occupations. Anecdotal evidence suggests that
increased risk-taking and credit arrangements may be the cause. A large proportion of
KI respondents claimed to work for the owner of their boat, and it is becoming
appreciated that reciprocal agreements, sponsored vessels and credit arrangements
with ‘middlemen’ are playing more of a role within small-scale fisheries of the region
(Cripps, 2009). However this credit is provided, be it monetary loans, use of a vessel,
provision of gear etc, it appears to be changing the habits of fishermen in other parts of
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Africa such as Kenya (Crona et al., 2010). The provision of an upgraded vessel, or buffer
loans to ensure the smallest-scale fishermen can support themselves through down
seasons is increasing year-round. This change is theorised by Crona et al. (2010) to be
de-coupling resource extraction from ecological limitations, leading to unsustainable
fisheries. Information gleaned from key informants, indicates the provision of loans for
ice and salt allowing longer fishing trips, specifically to target high value species like
shark. The suite of different sources of advantage that may be utilised means that
changes may be occurring in both motorised and non-motorised fisheries, having a
similar effect to ‘technological creep’ in commercial fisheries, wherein small changes are
not detected and accounted for due to an inappropriate classification system. Indeed
anecdotal evidence from the head of one fishing association (Monsieur Felix, Antegeny
village) suggests that some vedette fishermen are partaking in semi-commercial fishing
activities targeting shark, operating out of the larger ports of the Mahajanga region
during the wet season.
Clearly managing these two vessel types as different classes could cause conflict, and as
management develops in Madagascan fisheries a chance exists to correct for this. Firstly
a new method of classification has been recently suggested by Carvalho et al. (2011)
where fisheries scales are redefined using policy relevant parameters appropriate to the
region. By analysing all gear-type+vessel-size combinations and classifying these by
landed weight, solutions more in line with the ecosystem approach can be developed
with the largest net benefit to the fishermen. Secondly, the middlemen themselves offer
an opportunity to monitor and manage the fisheries at a level currently ignored. Crona

et al. (2010) suggest that not only could middlemen be used for regulation and
communication to fishermen, but that a review of the credit system to remove control of
exploitation from dealers (middlemen themselves), and replace them with independent
lenders could aid sustainable development. If left unmanaged then the worst case
scenario of ‘Roving bandit syndrome’, blamed for the collapse of sea cucumbers in the
Galapagos (Crona et al, 2010), could occur. In this globalisation-induced scenario
external actors target the middlemen and create even greater incentives for extraction
of high value species with little regard for sustainability. Evidence of this existed in the
region when comparing the local sea cucumber dealers (arriving in an SUV with three
armed guards) and shark fin dealers (arriving in a shabby taxi).
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Fig. 5.1. Fishery sectors as defined by Malagasy law (outer circles) and with examples of
real-world overlaps significant to fisheries management (white text).

5.3 Bycatch and sharks – a concept at odds?
Ambiguity already surrounding the term ‘bycatch’ is confusing in its many different
contexts for those well versed in fisheries jargon, but much more so for small-scale,
developing world fishermen for whom discarding is a foreign concept and all but the
most poisonous of species are suitable for the pot. Sometimes bycatch refers to
discarded catch, sometimes to non-target species, other times both. A general
willingness of fishermen to answer questions on targeting shark would seem to indicate
either a misunderstanding, an ignorance of the law against targeted fishing, or a lack of
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enforcement so complete that fishermen do not see legal consequences as a risk. Higher
accidental capture and negative feelings from pirogue fishermen, coupled with
utilisation of ‘bycatch’ sharks for additional income suggests that the data only reports
on the ‘non-target’ definition of bycatch, with little or no discarding. Fishermen
appeared to have some comprehension of the concept of bycatch already, but those
answers not followed up by ‘do you ever discard?’ (as in the EOTL questionnaire) could
relate to any of the aforementioned definitions. Therefore this study reveals that further
clarification is necessary.
Perceptions of the term bycatch may be induced by outside influences and vary in
quality of understanding. It is rare for fishermen to specialise solely in shark capture,
and indeed the gear necessary does not require strict specialisation, unlike with other
high value species such as sea cucumber. Anyone can glean the additional incomes
possible with the growth of the shark fin trade. Any costs to capture may be calculated
on the basis of individual events, i.e. sometimes having negative effects (gear damage is
not compensated by sale) and sometimes positive (additional income is made). With the
proliferation of shark use for additional income rather than subsistence the danger of an
effect such as that discussed by Randall (1987) is highlighted wherein vast catch
decreases can be weathered before the fishery becomes unviable. In this scenario with
these drivers the effects of ‘bycatch’ fishermen are likely to be negligible.
All this confusion and misunderstanding of terms means that the predominantly mixed,
small-scale fishery of this region does not fit any of the traditional definitions of
experiencing incidental captures, and that we may be led astray within management by
this concept. Where utilisation of non-target species is as high as suggested here then
the use of the term bycatch may serve more to de-prioritisation of those species within
fishery assessments and allow skirting of the issue, hence ambiguity in official
regulations and an almost accepted lack of enforcement. With the aforementioned
potential impact and importance of this fishery (however it may be defined in terms of
scale), the Malagasy government has to, and seems to be taking an interest in the role
sharks play. By reconsidering sharks without the label of bycatch and publicising the
monetary value they truly represent, incentives for sustainable exploitation would
ideally follow. The apparent lack of discarding culture within the fishery makes whole
sharks a profitable and relevant catch pervading the fishery at these scales, and means

49

Community management of Shark exploitation in Northern Madagascar

that it must differ in management approach from commercial fisheries where this is
often not the case.
5.4 The socio-economics of decline – people without sharks.
The rapid growth in shark exploitation recorded both within the literature and
suggested here presents the question of how reliant the fishermen of the region have
become on this resource. Expansion of this exploitation was previously encouraged by
development NGOs such as GTZ in line with government wishes for poverty alleviation
(McVean, 2006). Probably through a heightened appreciation for the effects of excessive
fishing pressure on K strategists and the resulting declining populations, these efforts
have stopped. However the damage to local people is potentially done, and until this is
appreciated there is no solid obligation to resolve the problems of overexploitation that
will likely have deleterious effects on fishermen.
Reported dependence was ominously high considering the likelihood of existing and
future declines. Further investigation of dependence variability between vessel types is
prudent as more appears to exist within populations of pirogue fishermen which may
be important in re-classification, potentially indicates increased profit-chasing
behaviour and may reveal hidden problems within catches of other taxa. Outcomes may
well support anecdotal evidence of increased risk taking in terms of damage to gear and
endangerment to human life.
It is easy to hypothesise that the relatively high value per kg of sharks may have
buffered the socio-economic effects of the notable coastal migration Madagascar is
currently experiencing. Declining catches (of both sharks and other taxa) may have
been masked by this value, which only increases with declining supplies (Clarke et al.,
2007) but these data do not prove conclusively whether this effect has occurred.
However, when taking into consideration the relative under exploitation of sharks
before Cooke’s review in 1997, compared to the current average income dependence on
shark of 45.6% given by key informants, it seems this hypothesis warrants further
attention. Predicting how this dependence may change is difficult. Complications may
arise with declining overall catches further masked by increased prices for fins if supply
stops meeting demand, the outcome of which could be paucity of both subsistence and
additional income catches, creating a poverty trap in a country shown to have elements
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of low adaptive capacity (Adger & Vincent, 2005; Cinner et al., 2009b). Under a scenario
of realised sustainable management, should the fishery be made viable in the long term,
these dependency factors still need quantifying and understanding in order to prepare
for any change in demand that may come from the escalating international outcry for
preservation of shark populations (Clarke et al., 2007). Whether the fishery would be
viable on meat sales alone, at the current scale of dependence, is questionable and
deserving of investigation.
5.5 Community-based management and monitoring – what basis exists?
This study has helped identify potential aids and hindrances in perceptions of the state
of, and changes within the fishery as a whole and with respect to sharks. Probably the
most important social factor conducive to change and introduction of management is an
appreciation of the problem by the fishermen themselves. Knowledge of declines may
be lower in inexperienced fishermen. They may be less aware of changes over time and
under illusions induced by changes in fishing practices such as technological creep and
year-round fishing. This identifies a need to account for this in future assessments,
asking simple questions like “How do you know?” is effective in picking this element
apart.
A promising level of ecological understanding exists within fishing communities with
broad appreciation of the likely causes of declines, socio-economic problems, their own
accountability and potential solutions. This bodes well for development of management
initiatives. Weaker conclusions can be drawn from knowledge of existing laws, although
the inability to correlate these to actual regional Dinas due to a lack of synthesised
information precludes accurate assessment. However, broad recognition of the function
of these laws and how they relate to stock recruitment leads us to believe that capacity
for further understanding (should changes be made to incorporate aforementioned
evolution of fishing habits) is adequate provided suitable education programmes and
feedback are provided. Theoretically, full appreciation of the function of laws and how
they will feed back into tangible catches should increase compliance and reduce the
need for enforcement. Promoting understanding will be particularly necessary if
reviewing the impacts of different sectors reveals that pirogue fishermen may indeed,
under certain circumstances, be subject to management for more offshore activities.

51

Community management of Shark exploitation in Northern Madagascar

As far as what this management should be, fishermen preferred proven methods,
detailed by use of examples from nearby or further afield regions, but always referring
to other taxa (such as Octopus). This may be hard to demonstrate in shark populations
where recovery will be slower. As suggested by Harris (2011) in formation of locally
managed marine areas (LMMAs) a potential solution to this would be to organise
exchange programmes where different communities are able to visit and view other
management programmes, share results and ideas, and decide for themselves what will
work effectively in their region. The propensity for fishermen to attribute changes and
solutions to the actions of people may show an uptake of educational efforts locally by
those imposing restrictions. Appreciation of ecological factors may take longer to filter
into the population as the youth of the fishery may preclude the formation of this
knowledge, therefore education on the subject could aid understanding of potential
management methods and increase support. Such initiatives have been seen to work in
conservation of other taxa, for example decreased hunting and increased protection of
fruit bats on various WIO islands was achieved through environmental education
initiatives (Trewhella et al., 2005), with numerous lessons in effective implementation
made available. Inclusion of shark management (and all threatened taxa) in overall
development of community based management, such as LMMAs (Harris 2011) is
another potential solution.
In terms of the scope for community-based monitoring, questions were not designed to
gauge willingness in order to maintain good relations. However, species identification
abilities were qualified as still being a serious barrier to effective collection of empirical
data by local people. Obvious differences such as caudal fin type and length should
easily distinguish many of the frequently confused species. Juvenile sharks of the

Carcharhinus genus are also difficult to identify, even through direct observation.
Recent studies into sea turtle catch monitoring in Madagascar have shown the use of
digital cameras to be effective in identification. However these are an easily
distinguishable taxa, and photographs have proven problematic for shark identification,
especially juveniles. Provision of detailed keys and training in their use would be useful
to a degree, however it may even be necessary to collect biological samples. This will
likely require either a professional observer programme or detailed training for

52

Community management of Shark exploitation in Northern Madagascar

appropriate community members with regular spot checks and quantification of error
(as in the methodology used by McVean et al., 2006).
5.6 Future research directions
This study was aimed at identifying potential problems around which policy and
management can be adapted. The next step is to fill the gaps necessary to trial and
implement potentially appropriate options. For CITES intervention (and in line with
other relevant international efforts such as the CBD) more species-specific quantitative
exploitation and population-based information is necessary. As far as top down
management goes, CITES may provide the only feasible control on the broad perverse
effects of the shark fin markets. Threat assessments for data deficient species and those
suffering from high exploitation rates should include the potential disproportionate
effect of inshore fishing on breeding/nursery grounds. Further scoping and trialling of
community-based monitoring methods should be combined with an effort to financially
and logistically streamline formalised observer programmes to finally quantify the
fishery. This information should be fed into regional action plans for sharks, especially

Fig. 5.2. A vedette name plaque at the village of Port St. Louis.
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with other states bordering the Mozambique channel and for collaborative efforts in the
central Indian ocean.
For regional action plans and to further implementation of community-based
management similar information needs to be combined with socio-economic
understanding and consideration. Local opinion of top down legislation is well
represented by the saying “Interdit d’interdire” – forbidden to forbid, and working with
communities is increasingly appreciated as the way forward. The developing
decentralisation of environmental management in Madagascar lends itself well to
creation of localised initiatives. Madagascan shark fisheries science is truly in its
infancy, and a number of important issues, not yet mentioned here, need clarification to
ensure policy efficacy in this region:


Characterisation of the differences between the East and West coasts, including the
patterns, effects and potential conflicts caused by migratory fishermen (intra-annual
migrations and overall rural migration)(Aburto et al., 2009).



Potential interactions between sea cucumber and shark fishers and their
consequential management. Why does sea cucumber so far seem to attract stricter
management, what are the trade-offs in specialisation and what can we learn from
successes and failures?



Synthesis and analysis of current Dinas and other Locally Managed Marine Areas
(LMMAs) with amalgamation of success stories for sharks and other taxa e.g.
Velondriake MPA (Harris, 2007). Marine tenure is an important issue in Madagascar
which possesses no traditional institutions, but is now being successfully tackled by
organisations such as Blue Ventures. Planning and implementation for the North can
learn from these initiatives.



Mapping of spatial distribution of areas of importance to sharks on a species-specific
scale, particularly with regards to areas hosting important life history stages,
overlapped with common fishing grounds.



Investigations into the potential for partial relief of pressure on the fishery by
development of aquaculture and tourism. Reports of decreased fishermen were from
concentrated areas (Vahilava and Ramena) where tourism is expanding and vedette
owners are diversifying. What scope is there for growth in this area? How could
sharks benefit as potential flagship taxa?

54

Community management of Shark exploitation in Northern Madagascar



Characterisation of shark fin supply chain studies to allow identification of
management opportunities such as utilisation of middlemen and micro-financing.
Following the trade of fins may also allow communication of financial benefits from
management to the international community.

5.7 Limitations and recommendations for increased effectiveness
5.7.1 Use of questionnaire data for fisheries assessment.
This study was susceptible to two main sources of error arising from the use of
questionnaires, linked to the theory of shifting baselines which leads to a gradual
decline in ‘acceptable’ resource levels over time (Pauly, 1995). According to Papworth

et al. (2009) this can manifest in data in two ways. The data seems to rule the first of
these out – generational amnesia, the tendency for perceptions of change to be based on
ever changing views of ‘normal’ over generations. No significant difference was found
between perceptions of change in numbers of sharks or fishers relative to the age of the
respondent (Appendix 1, Fig. 6.5+6). As a newly developed fishery, with the start of the
main boom period still within living memory this is not surprising. However, the data
cannot rule out the second form – personal amnesia, where individuals forget their own
experiences and recall is unreliable. Such sources of error are well documented within
extractive activities, especially fisheries (Papworth et al., 2009), can affect even
unambiguous quantitative answers (Bradburn et al. 1987), and may well be a problem
in this complicated mixed, seasonally affected fishery.
5.7.2 Limitations specific to this study
All aspects of data collection suffered limitations that may or may not have been
planned for. The EOTL data appears to have suffered from a number of the problems
outlined in the results of the study on which the methodology was based (Moore et al.
2010). This was particularly prominent with regards to ability to glean quantitative
information which was precluded by a lack of sound randomness in the sampling
design.
Consistency of collection, completeness of data and quality of data entry was variable
due to a necessity to use frequently changing researchers with variable experience. It
was apparent that a lack of understanding of the regions fisheries, best gained in the
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field, was missing and made some data such as mesh sizes not fit for analysis. Variations
in entry methodology also had this effect on sections such as recall data of numbers of
sharks caught last year, unfortunately not useful. Comparisons between sites was made
difficult by the migratory nature of the fishery, not accounted for in questioning, which
meant that respondents from a particular site were not necessarily presenting
information relating to that site alone.
Key informant interviews, species identification, landing site data collection and site
characterisation were affected mostly by time and logistical constraints. The sample
period was short, and visits within this period were spatially and temporally subject to
the influences of alternative priorities. This period also fell within the shark fishing ‘off
season’ meaning that respondent and catch data availability was low.
5.7.3 Recommendations
Most of the problems experienced could potentially be solved by better logistical
planning, laying of knowledge foundations before collection and implementing the
changes recommended in Moore et al. (2010). Either removal of ambiguity from
questions, the use of better trained researchers, or both would increase the quality of
responses and allow those asking the questions to further probe when they detect
inconsistencies that those with less knowledge may not detect. The ability to probe and
adapt could also remove some risk of personal amnesia. Regular checking of responses
and more on the ground and data entry spot checks from principal investigators would
strengthen confidence in the data. Keeping the interviews short is paramount to gaining
good quality responses, so being sensible as to how much information you can collect in
one go is important. This should be supported by a strong sampling design well
communicated

to

researchers,

and

ideally

avoiding

pseudoreplication

from

interviewing more than one fisherman per vessel.
The inclusion of social science expertise during both the questionnaire design and
collection phases is strongly recommended. Pilot studies should be extensively
reviewed for potential corrections to question phrasing, researcher’s approaches to
questioning and identification of suitable respondents (in terms of the sampling design
and in terms of definition of key informants if this method is to be used). Repeat/longer
visits to sites would have benefitted the data set here two-fold: firstly to identify
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migratory fishermen between seasons, and secondly to increase the likelihood of
interviewing fishermen known to go on longer fishing trips (more than a few days) who
are potentially underrepresented.
It is clear from the literature that interview-based assessments can work well for
characterisation, and there is great potential for quantification of fisheries where other
more expensive methods are not an option (Jones et al., 2008). Moore et al. appear to
have begun to refine a methodology that works well for infrequently caught taxa such as
sea turtles. Whether this can be reflected in shark fisheries remains to be seen, in theory
the catch of high value species should improve recall and aid collection of quality data
(Fowler, 2009). Based on current knowledge questionnaire data should not yet be
considered a replacement for on-the-ground empirical data collection. However, further
trials, refining of methods specifically for shark assessment and implementation of the
above recommendations should go a long way towards cementing questionnaire-based
data as an important tool in small-scale fisheries assessments.
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6. APPENDIX I: Additional EOTL and key informant analysis.

Fig. 6.1. No. of months of the year respondents at each site state they actively fish.
(Kruskal-Wallis rank sum test, Kruskal-wallis χ² = 28.7087, d.f. = 4, p = <0.001) for EOTL
data.
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Pairwise multiple comparisons using t tests with pooled SD: AMPK:ADY p = 0.0363;
RAM:ADY p = 0.0073; RAM:AMB p = 0.0311.
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Fig. 6.2. Target multiplicity frequencies for KI data.
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Fig. 6.3. Frequencies of EOTL respondent’s average fishing trip duration.
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Fig. 6.4. Frequency of numbers of hooks per line (longline) from EOTL data.
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Fig. 6.5. Age effects on perceptions of changes in the number of fishers since time
started fishing from EOTL data. Relationship is not significant (Kruskal-Wallis rank
sum test).

Fig. 6.6. Age effects on perceptions of changes in the number of sharks since time
started fishing from EOTL data. Relationship is not significant (Kruskal-Wallis rank
sum test).
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Fig. 6.7. Net area (m2) as stated by respondents fishing from pirogues and vedettes in
EOTL data. Relationship is not significant (Kruskal-Wallis rank sum test).
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Fig. 6.8. Proportion of fishermen from East and West coasts catching shark
accidentally and on purpose. Relationship is not significant (Pearson’s chi-squared
test).
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7. Appendix II: End Of The Line bycatch questionnaire

BYCATCH QUESTIONNAIRE

FORM #

Hello, we are students from the University of Antsiranana and we would like to learn more about the dugong,
which you may have heard of, and the capture of certain species such as the sharks, turtles, whales and
dolphins in Madagascar. Since fishermen know the sea better than anyone else, we would like to consult you
about those subjects. The study shouldn’t be too long. Would you be interested in helping us by sharing your
valuable knowledge?

Fisher information
Date

Landing Site

Interviewer

Age

Occupation

Name (Optional)

BYCATCH QUESTIONS

Boat and Fishing effort
1. Type:
specify)
Length:
Name of boat:
2. Motorized? (Select more than one answer if required)
N/A
HP of motor:
If motorized, does it also have a sail?
3. # fishers per boat:
4. Do you always land at this port? (If yes go to question # 5)
OTHER (specify)
a) Where do you land most often?
b) Which other ports do you visit?

62

Community management of Shark exploitation in Northern Madagascar
5. Gear Characteristics (Record units in m or cm or mm): For hooks, refer to hook ID template and record hook
sizes from template.
Net

Basket Trap

Palangre

Mesh size:

# Baskets

Hook size:

Total net length:

Basket size

Total line length:

Net width/depth:

Length

Total # hooks:

Floating or anchored:

Basket width & depth

Depth of hooks:

Trap depth

Longlines

Harpoon

Other

Hook size:
Number of hooks per line:
Line length:
Floating or sinking lines:

6. When you go fishing what do you go out to catch?

7. If you catch more than one species which species do you catch most?
8. During the fishing season how often do you go fishing?
-6 times per week

-4 times per week
N/A

9. Duration of trips:
-10 hours

-24 hours

-2 days

-5 days

N/A

10. Where do you fish most often? (Take village names if possible, assign code – 10A, 10 B, 10 C, - & mark on map
with code; specify whether village, beach, bay, etc.)

11.

Are there any types of fishing gear that are not allowed?
N/A

a) Which gear types are not allowed?
b) Why?

12. Are there areas where fishing is not allowed ? (Draw locations on map)
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13. What Months do you fish?
If you do not fish every month, why?
14. In what months/season do you have the most fishing effort? (Specify names of months)
15. Are there any times of year where fishing is not permitted due to law, local custom or fady?
N/A
Why?
16. How long have you been fishing?
17. a) Since (Insert response to Question 16), has there been a change in fishing grounds? (If NO or N/A, go to
b)
N/A
If yes: (Take village names if possible, assign code – 17A, 17 B, 17 C, - & mark on map with code)

Why?
When did this change?
b) Since you started fishing, has there been a change in the number of fishers and boats? (If SAME or N/A, go to
c)
N/A
Why?
When did this change?
c) Since you started fishing, has there been a change in the fishing gear you use? (If NO or N/A, go to d)
N/A
What did you use previously?
Why did this change?
When did this change?
d) Since you started fishing, has there been a change in the kind of species you catch? (If NO or N/A, go to e)
N/A
What species were caught then?
Why did this change?
When did this change?
e) Since you started fishing, has there been a change in the size of the fish you catch? (If “same” or N/A, go to f)
N/A
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Why?
When did this change?
f) Since you started fishing, has there been a change in the overall weight of your total catch? (If “same” or N/A,
go to 18)
N/A
Why?
When did this change?
18. Are there any fadys about fishing?

N/A

What are they?

SHARK BYCATCH QUESTIONS
59. Do you catch sharks BY ACCIDENT/ON PURPOSE/BOTH? (If answer is “Never” or “N/A”, go to question
72)
by accident

on Purpose

both

Never

N/A

60. Which species? (write down the names and the letters from the photos)

61. How often do you catch sharks (Indicate with ‘a’ for accidental, ‘b’ for on purpose)?
Never
Once a month
Every day

Less than once a year
Once a week

A few times a year
2 or 3 times a week

N/A

62. How many in the last year? (Record separate answers for each species).
Est. #
63. In what months or seasons do you catch sharks (Indicate with ‘a’ for accidental, ‘b’ for on purpose)?

64. In what months do you most commonly catch them (Indicate with ‘a’ for accidental, ‘b’ for on purpose)?

65. In what general location do you catch them? (Indicate with ‘a’ for accidental, ‘b’ for on purpose; Draw on a
map and take village name with code)
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66. Was this in: (more than one choice possible)
open sea
over seagrass
coral reef

N/A

67. What kind of fishing gear do you most frequently catch sharks with, accidentally or on purpose?
Please specify (Indicate with ‘a’ for accidental, ‘b’ for on purpose):
Net

Basket Trap

Palangre

Mesh size:

# Baskets

Hook size:

Total net length:

Basket size

Total line length:

Net width/depth:

Length

Total # hooks:

Floating or anchored:

Basket width & depth

Depth of hooks:

Trap depth

Longlines

Harpoon

Other

Hook size:
Number of hooks per line:
Line length:
Floating or sinking lines:

68. If you catch a shark by accident, what do you usually do with it (More than one answer possible)?
release it (alive)
sell it

discard it (dead)
other

kill it and discard it

eat it

N/A

Why?

69. Do you think that you catch MORE / LESS / SAME number of sharks as you did when you started fishing?
(If Same or N/A, go to 70)
MORE
LESS
SAME
N/A
Why do you think this has changed?
When did this change?
70. Have the species of shark you catch changed since you started fishing? (If NO or N/A, go to 71)
YES
NO
N/A
Please specify which species:
When did this change?
71. Do you have any feelings about accidentally catching sharks? (More than one answer possible)
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happy

neutral

frustrated (damage to gear, loss of time)

sad

shame

other (specify)

N/A

Explain:
72. How does your community feel about sharks? (Perceptions, emotions, values, etc.)?

73. Are there any fadys or cultural or historical stories about sharks?
YES

NO

N/A

What are they?

Market Values
74. What parts of the shark are eaten? (muscle, internal organs, fins, etc.- *take note if one part is highly valued)

75. What parts of the sharks are sold? (Which parts are highly valued?)
76. Who buys the most sharks?

Meat:

Fins:

Which species is the most preferred? Meat:

Fins:

N/A
N/A

77. Which species is not eaten?

N/A

78. a) Is shark meat MORE / LESS / SAME price as fish? (specify in Ar or FMG)
MORE

LESS

Price:

SAME

N/A

per

N/A

b) What is the price for shark fins (remember unit)?

N/A

Size:

Price:

per

Size:

Price:

per

Size:

Price:

per

Size:

Price:

per

79. Do people like to eat shark MORE / LESS / SAME as other fish species?
MORE

LESS

SAME

N/A

Other Comments: (Fisher or Interviewer)
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8. Appendix III: Key Informant questionnaire
Date: __________________

Site: __________________

Researchers: ___________________________

Form No.: __________________

Fisher characteristics:
Name:

Age:

1. A. Permanent resident always here

Sex:
B. Permanent but did live elsewhere – when?

C. Migrates yearly/regularly
2. How long have you fished for? __________
3. What kind of species do you catch? Rank them by importance (top 3):
Species/group

Catch?

Gear?

Rank

Reef fish
Pelagic fish
Sharks
Octopus
Sea cucumber
Crabs/lobster
Shrimp
Other
4. Do you catch shark:
A. Deliberately (I want to catch shark and use gear I know will catch them) (for fins or
meat?)
B. Accidentally but I can sell the shark
C. Accidentally but I eat the shark myself
D. Accidentally and I release or discard the shark because I cannot/do not want to
use the shark.
5. Do you ever take the fins and discard the rest of the shark?
6. How long have you been catching shark? __________
7. (If not since started fishing) Why did you start catching shark?:
A. Food

B. Money from meat

C. Money from fins

D. Other catch was

reduced E. Other __________
8. What other work have you done in your lifetime? ____________________________
9. What other jobs do you and others in your house do to bring in food/money? How many
people working?_____
ACTIVITY

No. OF PEOPLE

Fishing
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Gleaning
Mariculture
Marketing

Marine

Products/Trading
Farming
Cash Crops
Salaried employment
Tourism
Informal Economic Activities
Other
10. What is your average household monthly food expenditure? _____

No. Of people

__________
11. Household items and facilities (MSL):
Gas lamp

Table

Radio/cassette player

Mattress

Mobile phone

Bicycle

Electricity

Piped water

Generator

TV

Satellite dish

Refrigerator

(non-

income)

12. Have you been to school? __________ How many years? ____________
Catch characteristics:
13. What type of boat/engine do you have? _________________

How many crew?

___________
14. Do you: A. Own it B. Share it with others (No._____) C. Work for the owner (cut
of catch)?
15. Do you own any other gear?__________________________ Av. Length of
trip_______________________
16. I realise that sometimes you catch many fish and other times not many, what is your
daily catch worth on a good, bad and average day?
Value/weight
of
sharks Value/weight of other catch
(Ar/kg)

(Ar/kg)

Good Catch
Average Catch
Bad Catch
Notes
17. What proportion of your fishing income comes from sharks and what from other catch?
Sharks _____________

Other catch _____________

Perception of the fishery:
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18. Have fishing catches in the last 10 years...
A. Declined

B. Stayed the same

C. Increased

19. Have shark catches in the last 10 years...
A. Declined

B. Stayed the same

C. Increased

20. How do you know?
21. What can affect the number of sharks in the sea?
22. What could be done here to increase the number of sharks in the sea?
23. Has the number of people fishing/catching sharks in the last 10 years...
A. Declined

B. Stayed the same

C. Increased

24. Why?
Scenarios:
25. If you were to consistently get 50% fewer sharks what would you do?
Keep fishing
at same
amount
Other...

Fish harder

Move
locations

Change gear

Leave
fishery (for
what?)

26. If you couldn’t catch any sharks would you still fish? ___________
27. If no would you consider any of the following?
A. Work in tourism (__)
B. Work in aquaculture (__)
C. Work in another type of salaried job (__)
D. Continue education (__)
E. Other suggested ___________
28. When do you catch the most sharks?
29. When do you catch the biggest sharks?
30. When do you use (insert gear used to catch shark from 3.)?
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Target other
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9. Appendix IV: Site Characterisation form
Date: __________________ Site: __________________
Researchers: _______________________________________
Fishermen target species:
Pelagic Elasmobranchs (PE) Coastal Elasmobranchs (CE) Teleosts (T) Inverts (I)
what?______ Other (O) what?_______
Do any target sharks exclusively?
Site infrastructure:
1. Camp - permanent (P) or Seasonal (S)
2. Structures – Simple/Rudimentary (S) Permanent (P) Part of village (V)
3. Do migrant fishermen use the site? If yes, do any conflicts arise?
4. Facilities available?
Facility
Present?
Avail. (%
Notes (dist. Etc)
pop.)
Medical facilities (what?)
Primary school
Secondary school
Piped water
Electricity
Market (what?)
Year-round road access
Public transport
Catch processing facilities
Demography and location:
5. Population __________
6. No. Of houses __________
7. What are the main jobs done here for people to make food/money?
8. Distance to nearest market __________
9. Distance to MPA__________
10. Distance to site of environmental protection (non-marine) __________
11. Presence of other NGOs, conservation activity etc
Management:
12. Are there any places people are not supposed to fish? Use map.
Place
Map ref. point Legal/local
agreement

13. Are there any gears people are not supposed to use?
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Do people still use?
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Gear

Place?

Legal/local
agreement

Do people still use?

Explosives
Poison
Gillnet
Jarifa
Longline
Other
________________
14. Is there any active enforcement? If yes by whom?
15. Is there any fady related to the sea?
16. How are decisions made in the community?
Governance structure:

NOTES:
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Elected
positions?

Women
involved?
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10. Appendix V: Species
Carcharhinus albimarginatus – Silvertip Shark – Rüppell, 1837
Carcharhinus amblyrhynchos – Grey reef shark – Bleeker, 1856
Carcharhinus amboinensis – Pigeye shark – Müller & Henle, 1839
Carcharhinus brachyurus – Copper shark (Bronze whaler) – Günther, 1870
Carcharhinus brevipinna – Spinner shark – Müller & Henle, 1839
Carcharodon carcharias – Great white shark – Linnaeus, 1758
Carcharhinus falciformis – Silky shark – Müller & Henle, 1839
Carcharhinus leucas – Bull shark - Müller & Henle, 1839
Carcharhinus longimanus – Oceanic whitetip shark – Poey, 1861
Carcharhinus melanopterus – Blacktip reef shark – Quoy & Gaimard, 1824
Carcharhinus obscurus – Dusky shark – Lesueur, 1818
Carcharhinus sorrah – Spottail shark - Müller & Henle, 1839
Galeocerdo cuvier – Tiger shark – Peron & Lesueur, 1822
Isurus oxyrinchus – Shortfin mako shark – Rafinesque, 1810
Isurus paucus – Longfin mako shark – Guitart-Manday, 1966
Odontaspis ferox – Smalltooth sandtiger shark – Risso, 1810
Pseudoginglymostoma brevicaudatum – Shorttail nurse shark – Günther, 1867
Rhincodon typus – Whale shark – Smith, 1828
Rhyncobatus djiddensis – Giant Guitarfish - Forsskal, 1775
Stegostoma fasciatum – Zebra shark – Hermann, 1783
Sphyrna lewini – Scalloped hammerhead – Griffith & Smith, 1834
Sphyrna mokarran – Great hammerhead – Rüppell, 1837
Triaenodon obesus – Whitetip reef shark - Rüppell, 1837
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