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Abstract

Tropical hilsa shad, which is an anadromous fish migrating from the sea to spawn in
freshwater river, constitutes an important fishery in some Asian and Middle East countries,
particularly in BangladeshBut historical information on hilsa biology and ecology has
confronted the scientists and policy makers with research and management challenges.
have reviewed hoth the old and recent findings on the hilsa fishery to documentub®ftat
knowledge and potential gaps, necessary to know for formulatmgra effective fishery
management plan. Thushere has been a decline in hilsa catch in the riverine system
associated_ with shift in fish migration routes, indiscriminate harvestibgoofd and juvenile

fish, and “degradation of habitat. Specifically, erime hilsa catches peaked in 1960s,
declining thereafter, and became relatively abundant in marine waters since 1990s. Biological
data indicated that hilsa goes through multiple reproductive cycles, therefore, a
comprehensive understanding of reproduchi@ogy, recruitment by various cohorts, stock
abundance_and habitats across the life cycle are necessary to accurately impose fishery
regulatory“measures, such as fishing ban in spawning season in Bangladesh. Moreover,
domesticationsginitiative is important for artificial seed production and mariculture
development ef/hilsa that can not owiffer economic return to smedkcale farmers but also
reduce ‘the growing pressure on capture fishery. Importantly, the arrangement of c
management.s found ideal as fishermen, scientists and managers can work jampote i

the regulatory processes and to sustain the hilsa fishery overtime.

Keywords. Bangladesh, conservation, domesticatiolsahshagd managementnariculture

Table of contents
Abstract
Introduction
Fishey history
Biology
Agesand growth
Maturity,and reproduction
Life cycle
Hilsa-less tributaries enrich hildzearing rivers
Prey and predators

Managemenand socioeconomics

This article is protected by copyright. All rights reserved



62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

Fisherystatus

Management and conservatioitiative

Mariculture development

Condition of hilsa fishenen
Sustainabilityofithe hilsa fishery

Ecosystenapproach

Transboundary cooperation

Monitoring, controland sirveillance

Marine reserves

Researchable issue
Acknowledgements
References
INTRODUCTION
Hilsa shad Tenualosa ilishaHamilton 1822) is a tropical anadromous species distributed
from the Sumatra to Kuwait, ascending the rivers from marine habitats of the Bay of, Benga
Arabian Seazand Persian Gulf {&dz& Grove,1995; Blaber2000; Arai& Amalina, 2014).
Since the ‘early.4900s, hilsa has been a great societal and economic interest, and harvested in
large quantities from the rivers of Ganges, Brahmaputra, Meghna, Irrawaddy, Madkana
Godavari, Krishna, Cauvery, Indus, Shattskhb and Euphratesiémilton-Buchanan, 1822;
Day, 1878; BoBP 1985; Jafril988; BoBLME 2012). Unfortunately, the riverine catch of
hilsa has declined due to closure of migration routes by dams/barrages, degradation of
habitats, indiscriminate harvesting of broods and juveniles, and climatic Vigrigldiiah,
2015;Dutton et al, 2019. As a result, hilsa became relatively abundant in the wider areas of
Bay of Bengal, indicating a significant increase of marine catch in Bangladeshiigdyand
India (BoBLME 2012; ECOFISHBangladesh 2017; FAO 2017). The annual catches of hilsa
in Bangladesh.is 0.5 million tonnes that fetches US$2 billion, and provides livelihoods to 0.5
million fishermen and 2.5 million people in the value chain and distribution (Islaah, et
2016a; Porraswet al., 2010utton et al. 20189.

Fish habitatiisslearly a shifting mosaic over years to decades, and perhaps even centuries,
particularly in laterally unstable rivers (van der Nat et 2003). Accordingly, spawning
behaviour of hilsa varies in terms of both time and location in the rivers of the Bangél

and Arabian Sea due to fluctuations in rainfall, upstream runoff, sediment input, and/or

variation in habitat types. Over the past decades, hilsa is the subjeat ofdtiendreds
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articles published in sciefiti journals, magazines, books and news portals. Yet, fundamental
knowledge in spawning biology, induced breeding, rearing juvenile in sea cages or ponds,
ecological drivers, habitats across the life cycle, and the spatial dynamics of hilsa are not
readily available. Therefore, for the fisherganagement data (e.g. prey and predators
interaction,"spawning season, migration route) managers and policy makers used to rely upon
expert opinions and obscure extrapolations. This is hindering the formulation of-a well

planned and scientifically viablel$a management scheme, either at local or regional levels.

Several studies have provided a broader picture of hilsa fishery management practices in
different contexts (BoBLME 2012; Puvanendr&013;Pomeroyet al, 2016; [IUCN 2017;

Dutton et al. 2019. One study revealed that regional hilsa stocks is currently over exploited
and need to réduce fishing mortality for maximizing the biological recruitment.dvere
emphasis is placed on protection of the spawning and nursery groeddsing juvenile
catches and_regulatory compliance to rebuild the depleted hilsa ®cB&ME 2012.
However, ‘@ comprehensive knowledge surrounding the hilsa fishery remains unknown. In
this paper,.thedfishery history, biological aspects and distribution rangeaéitgl discussed.

Then, management, socioeconomics and sustainability of hilsa fishery arelgnéeswed

to identify_the knowledge gaps. Finally, areas of research needs and recommendations are
proposed in line with current exploitation, managementcamdervation status of the fishery.

FISHERIESHISTORY

Sincethe early 190Qsthe administrators, philosophers, naturalists and scientists have been
fascinated by hilsa due to its taste, euryhaline behavior, distant migratidnlicapad high
economiccontribution as the single largest fishery to the society (see Bl@&h; Schneider
1801; Russell1803; Hamilton-Buchanan,1822; Day 1878). The range of hilsa migration
covers a.distance of abouf920 rkm (river kilometer) up to Delhi through thamuna
tributary of'theGanges River (Horal941; Motwani et at. 1957;Swarup 1959;Quereshi
1968), 825«rkm"up to Mandalay through the Irrawady River (8y3), 780 rkm up to the
Tezpur of.the Brahmaputra River (Pillay &hosh, 1958Rao& Pathak 1972), 410 rkm of

the Hooghly*(Bay 1889; Jones, 1957PRillay, 1958; B&BP 1985), 50 rkm in the Godavari
(Chacko& Dixitulu, 1951;Pillay & Raqg 1963;Raqg 1969;Rajyalakshmil1973), 275 rkm in

the Meghna (Quereshi968;Shafi et al. 1978), 420 rkm in the Padma (Querest68),
1,000 rkm up to Multan in the Indus (Aitkih907; Jafrj 1988), and 180 rkm in the Euphrates
(Al-Dham 1977; AlDubakel,2011) (Figure 1). However, construction of barrages and dams

This article is protected by copyright. All rights reserved



130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

without fish passages oranous rivers for example Farakka barrage on the main stem of
Ganges river, reduced the riverrd migrationrange of hilsa (Jafril988).

The riverine contribution of hilsa from 198®57 to 19611962 was 94% andlt that timethe
marine contribution wasnly 6% (Ahsanullah1964). In 2015atotal of 387,000 tonnehkilsa
waslandedin Bangladesiwith shares 065% marine catch and 35% riverine catéfhile,
25,129 tonnesdilsa catchof India were representelly 82% marine catch and 18% riverine
catch (Figure2). Importantly, the lion share ofilea landing dominantlycontributed bythe
river Padma during 1930s and 1968siggestingthe importance of freshwatexs hilsa
habitat However, during 1990s onwards hilsa fishery moved to the downstream rivers (e.g.
Meghna River ecosystem), showiagsignificant increase of nearshore and marine estch
(Tablel). A'declined riverine hilsaatchhas beemttributed taca combination of fetors such
as the closure of migratory routes, river siltation, overfishing, indiscrimihatvesting of
broodsand _juveniles, use of fishing nets with small mesh sizes, mechanization agfishi
increasing.numbers of fishermen and efforts, aquatic pmiluand climatic variability
(Dutton et al2018).

BIOLOGY

Age and growth

Knowledge of the age and growth, i.e. the data on recruitment, longevity, mortality and
fluctuations in fishery, is essential for developing a rational harvestimggold shaping up
sustainable fish stock¥he length of new born hilsa larvae is-3.3 nm (Kulkarni, 1950)

and the monthly average size for the first 6 monttshiasvnin Figure3 (Hora& Nair, 1940;

De, 1986; Bhaumik& Sharma2012). Hilsareachedabout 3635 cm and 11.5 kg in size by

two years of agewith maximum length reported to I85.6 cm (Halde& Amin, 2005).
According’to.Halder (2004), hilsa attain its maximum length of 58 cm at 6.5 years of age.
Pillay & Rao"(2963) designated the modal lengths d&,3515, 455, 485, 505 and 525 an
correspondingste-1, +2, +3, +3, +5 and +6 age groupsspectively. Annual growth (total
length) ofsthe hilsa in Bangladesh waters, based on the back calculated length using
polynomial relationships between the total lengti)(and age (year) are presented in Table

2. Studies suggest that female hilsa grow faster than male and caught more Hyeiquent
catches with individuals >40 cm (Pillag958; BoBP 1985; Rahma& Cowx, 2006). In
general, growth of hilsa varies from one ecosystem to another or in the same environment due

to changes in ecology, habitat characteristics, food availability, populaterasd density
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dependent growth factordlome & Arnason (2008) has estimated natural mortality and
showed high mortality rates for the whole stock in Bangladesh, ekpédariahe first cohort
(half year) as listed in Tabl@ Even with high natural mortality rate, few hilsa older than 4
years are left in the stock. Therefore, Mo&eArnason (2008) considerdte life span of

hilsa isupto4yearshatcorresponds to 8.5 year cohorts.

Maturity and reproduction

At presenty 22-day fishing ban has been imposed in the month of October for safe spawning
of hilsain BangladeshTo be successfulith this kind of managementlata on size at first
maturity, and the onset and duration of spawning seasomextremely valuable for which
understanding of fish reproductive biology is important. Different studies have found
conflicting viewsaboutminimum size of hilsa at first matity. In Bangladesh, Halder (2002)
reportedthat hilsa matures at age8 monthswvhen total length is 19 crAccording toMome

& Arnason_(2008) hilsa at <6 months old remainmmature, 612 monthsattains 80%
matuity andat >12 months full matuty. In India, Jhingran& Natarajan (198) reported
maturity in20-30'cm females anih 18-30 cm males, whil&amakrishnaiah (1972)efined
length classes. af9, 29 and 3 cm as maturing ripening and spawningespectively The
peakgonadosomatic inde¢GSlI) of hilsawas recorded i©October, June and Februaamd

thus, the majoer spawning takes place in Octdb@rember, and subsidiary spawning in
Juneduly and Januariarchin the Meghna ecosystelftHossain 1985).There ardwo peaks

of GSI values in July and February in the Indus Riwedicating two different breeding
seasongNarejo et al. 2008). Spawning@ccurs inMay-June in Kuwaiti coastal waters (AL
Baz & Grave, 1995 Roomiani et al.2014), andt is FebruaryMarchin the Shatt AlArab
(Al-Dubakel, 2011).

Hilsa is an.oviparousp(oduce eggs that develop and hatch outside the materngl doadly
iteroparouseproduce more than once in lifetijmish like as other clupeid species. The
diameter ofripe egpy different studiesanged 0.7@.75 mm(Jones& Menon,1951), 0.89
mm (Pillay;s2958) and 0.7®.87 mm(De, 1980). The eggs angpermatozoa are released into
water in closeyproximityo supportexternal fertilizationand thefertilized eggs are buoyed
up and drifted by water currents (KulkgriB5Q Bhaumik& Sharma2012. Egg production
is correlated to age or sizé the fish(Table 4) asfound to occur inotheraquatic species
Currently, there is limited information on the reproductive biology of hilsa and thiarabsm

further investigation on maturity, hormone concentrations in blood and sex rewspsat a
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using the same sampling protocol throughout the major river basirs dataare essential
for estimation of size at maturity and correct timing of spawning seasortp &mbw how
many mature and active individuals are contributing to offspring produetimh their

subsequent management aspects

Lifecycle

The productivity of a fish over itsfé cycle is determined by the cumulative production in
each life stage. Thus, availability of a species in the right plabe aght time inits lifetime

can have significant consequenaes thefishery productivity (Naiman& Latterell, 2005).
Oxbow shaped turbulent pools the estuaries and rivenwith favourable ecological
characterigticg&upport the spawning dfilsa. Major spawning grounds of hildaclude the
Meghna ecosystem in Bangladesh (Hossain g@ll4b), Hooghly-Bhagirath river system

in India (Bhaumik& Sharma 2012), Ayeyarwady delta in Myanmar (Th&nLay, 2008;
Tezzo et al.2014), Indus river delta in PakistaNgrejo et al. 200§, Shatt AtArab and
Euphratestin IragAl-Dubakel, 2011Mohamed et al.2012 and Kuwaiti coastal waters in
the PersiansGulf (AtBaz & Grove, 1995; Roomiani et gl.2014) Eigure ). Hilsa fry is
found in the downstream of rivers and nearshore coastal waters (&hNsimgpal, 1970;
Hora 1938), whle the juvenile disperses in the upper and lower estuadsi, 2009;
Hossain et al:20149. Water quality parametesiitablefor different life stages of hilsa are
shown inTable5. Hossain et al. (2016) reported that hilsa populatiaiie northern Bay of
Bengal (Bangladeshprimarily inhabits marine waters and migrates to freshwater for
spawning.But, there isexception to this behaviowas - (i) a small subset of the population
completes its life cycle within freshwater and does not migrate to sea at any stage in its life
cycle and (1) _a_different subset uses nearshore coastal and/or sea habitats and relies on
downstream estuarine waters for spawning without migrating to freshwater (BigUree
latter notions.néed to be validatedientifically to manage the hilsa fishery even more
sustainably'Mereover, information on the movement and distribution of hilsa beyond the
continentalsshelfs inadequate to determine the extent of their seaward migratidrishing
potential_atoffshorenarineareas Thus, range of hilsa migration with spatial and temporal

distributionacresshelifecycle needs to be determinedmprehensively.

Hilsa-lesstributariesenrich hilsa-bearing rivers
Major rivers for the hilsa habitat are tMeghna,Ayeyarwady, Hooghly, Indus, Shatt -Al

Arab and Euphratesvhere the streams or tributaries are mainly Hédsa butarerich with
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small indigenous specieSVater flow, nutrients and organic matters that form habitat
attributes in hilsaearing rivers originated frorthesetributariesthat maintainecosystem
functions andsource of food to resident organisms (Hossain eR807).For instance,he
crisscrossethilsaless tributarie®f the lower Meghna deltaic region of Bangladesh have an
intimate =relationship with surrounding labdsed activities such as, agriculture, wet
meadow, human settlement, and mangrove ecosystems that play important roles on aquatic
habitat (Figures). Many tributaries in the Meghna deltaic region may be wet on only rainy
months (Jun&ctober). Similarly, many do not support habitat for fishes although they
possesgplanktonic organisms, benthos, amphibians and reptiles with life cycles that have
both aquaticand terrestrial stages (Naim&nLatterell, 2005). These narrow and shallow
tributaries@ccupy the headmost position in a drainage network, but are infugnsem

diurnal tidal' characteristics (Hossa2001). Even where hilsa is absent, these tributaries are
closely coupled to the adjacent crop fields and villages, and are particularly influential in
regulating and_processing inputs of energy, nutrients and organic matters. These inputs
contribute“mateal to riverine food webgAhsan et al. 2012) and shape the structural
characteristies«0f hilsa habitat in estuarine and marine ecosystems. Thulgskilsdutaries

are hilsa habitat in much the same way as the rivers.

Prey and predators

It is essenél to understand predatprey relationships for ecosystdmased management.
Predators carnnfluencethe dynamics of prey populations bgntrolling survival, growth,
size structure and distributipwhile prey canequally controlpredator populationsAdult
hilsa is plankton feeder (ChacBoGanapati 1949;Mohamed et al.2012;Dutta et al. 2014
Hossain et _al.2014h Hasanet al, 2016). Absence of teeth, efficient filtering gill rakers,
pharyngeal organ, and modification of stomach into gizzard in dhidsatethe food item size
and feeding.préferenc@lafri, 1987) The prey species of hilsaclude algae diatoms,
copepodsgladocera protozoansyotifers and the larvae obivalve and gastropod@ora,
1938; Joneg&=Menon,1951; Pillay& Raqg 1963;Hasaret al, 2016) Jonesk Sujansinghani
(1951) mentioned that the spent specimens appear to feed at the bottom, whereas young ones
seemto be midwater feederData on hilsa predatoeselimited, thelikely candidatesre the
tertiary consumergqsuch as big carnivorous fish: shark, tuna, mackerel, caffesshwater
shark of a marine and rivefood chain who prey on adult hil§gigure 6) The larvae and

juvenile hilsa are assumed b® consumedoby medium to small carnivorous fish such as
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265 seabass anshakeheadHowever, he analysis of gut content of piscivorosgecies living in
266  the habitats of hilseaanprovide novel information on pregyredatos interactiors.

267

268 MANAGEMENT AND SOCIOECONOMICS

269  Fishery status

270  Several studies havearried outthe stock assessment of hilsa from different water bodies
271  (Table6) usinglength datan FiISAT (FAO-ICLARM stock assessment toal3dhis approach
272 is not rigorous and thus the estimated exploitation rates are highly uncexdamoald not
273 form the basis of managementecisionsin most cases(BoBLME 2010). However,
274  alternative assessment options including life history based modeling apprékehesslie
275  Matrix madels,) agstructured integrated assessmerdsd Surplus Production based
276  assessments need to develop and exaBol ME (2012) reported that régnal hilsa stock
277 is overfished and recommended to reduce fishing mortality for maximibediological
278  yield. Global _hilsa catch dat& limited, the share of Bangladesh, Myanmar and Indaae
279 76% 1%%.and 40, respectively whereasthe remaining % is contributed by other
280 countries/regions (e.g., Iradran, Kuwait, Malaysia, Indonesia, Thailand and Pakistan)
281 (BoBLME '2010; FAO 2015; Miah 2015; Islam et al.2016a).In general,marine catch of
282  hilsais 72% and theriver catch share28% (Figure 7). Themaritime zone of Bangladesh,
283  Myanmar India Iran and Kuwaitare suitable fomarine catchandthe habitatsof Meghna,
284  Hoogly, Indus, lIrrawaddy and Euphratee suitable for river catch

285

286  Typical hilsa fishinggearsinclude dift gill, fixed gill and seine nets. Gear characteristiss
287  well aslength, breadth, mesh and mode of operation depends on water current, depth, tidal
288 phaseseasonality and weather condition (TaB)e Drift gill net moves with water current,
289 wheras fixed gill netis set in specific location of the riveea The seine net encircles
290 shallowwater.areaso trap school of hilsa and other fishes (FigureR&cently there ¢ an
291 increase in“thevefficiency and capacity of hiishing in Bangladesh. For instance, the drift
292  gill netin operations two timeslong and four times more powerful than it was ind€8nd
293 the number of fishenen has also increasednnual btal catches of hilsa in Bangladesh
294  variesirregularly, either increasd or decrease in thesubsequent years since 1983. ,But
295  maximumof 32%, 18%, 11%29% 8% and 26%increasewnas reported in 1985, 1989, 1994
296 2003 2010and 2017respectivelyA maximum decreasef 20% and 10% was noted in 1990
297 and 2002respectively DoF 2014;FAO 2017). An increasing trendh total catchsince 2004
298 is the outcome ofwell-enforced seasonal ban fishing hilsa brood and juvenilstocks
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299  though segregation of individual initiative’s role in the catch of an anadromougspeci

300 difficult. Hilsa is a highly preferred edible fish to millions of people living in theaAsid the

301 Middle East countries due to its taste, flavor and delicate culinary properties (Alam et al.
302 2012; Panhwa& Liu, 2013; Miah 2015; Almukhtar et al.2016). The market demands of
303 high quality=fish in the Middle East, Europe, North America, Japan and Australia has
304 stimulated the hilsa price in recent years. For example, price of hilsa in retail markets of
305 Bangladeshis US$102 per kg for individual weight 860200 g, and the price increases to
306 US$2025 per kg for fish weighing >1500 g. About 75% of harvested hilsa in Bangladesh is
307 consumed locally and the remaining 25% is exported, and the pattern is similar in other
308 countries, India/and Myanmar (Klegt al, 2003; Hossain et al., 2014a; Sahoo et al., 2016).
309

310 Management and conservation initiative

311 Bangladesh government and international agencies has taken several initiatives on hilsa
312 biology, management, conservation and livelihoods of fishermen thaneed hilsa catch

313  (Figure9).In Bangladeshadeclinein hilsa catch by 9,12tbnnes(= 3.97%of catch) in 2001

314 and 21,56%ennes(= 9.77%of catch) in 2002 had aegativeimpact on the livelihoosg] cash

315 income and ‘food securitpf fishing communities.Several protection and conservation
316 measureshave been undertaken since 2003 to enhatiee size ofhilsa population and

317  improvethe secioeconomic conditions of fmmen TheHilsa Fisheries Management Action

318 Plan (HFMAP)was undertaken to protect jatka lfilsa juvenile <160 nm length through

319 the develoment of animplementation strategwnd identification of the respongimagencies

320 and target communitiesithin a specific managemetimeframe. HFMAP involvedh public

321  meetings rivering rallies,awareness raising campaign, media coverage, distributing leaflets
322 and posters_to _protect jatka, enfarcthe fish protection and conservationsa@stablising

323  hilsa sanctuariesa twothree week banning of fishing in major spawning groundsid

324  offering alternative livelihoods for fisharen as cashincentives.It is believedthat jatka

325 protection'programme has had a positive effect, since hilsa catch increased byd&)866

326 (= 28.54%wof=catch) in 2003 and 20,02#onnes(= 7.83%of catch in 2004.Although no

327 rigorous_evaluation of the impact BFFMAP on catch sizevas carried oythe conservation

328 programme ‘hadeen expandetb awider area since 20065iddique, 20091slam et al.

329 2016a).The project was grante8DT 188 million & US$ 2.4 million) at its inception in 2008

330 and implemented in 59 upazilas under 10 distr{&sarbier 2012 that has subsequently

331 increased to 224,102 households9in upazilasunder15 districtsin 201314 (slam et al.

332 2016a).Consequently, a ban on catching, transporting selting of juvenile hilsa from
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November to Mayin each yeahasbeenlegislated During the ban period, households of
hilsa fishemenare given monthly40 kg ricesince 2013Islam et al. 2016a) Table8 shows
theinitiative of annual food grain distribution and alternative income generatiogramme
among fishenen household undertaken during 208814.However, no such conservation

activitiesareknown to be practicedother hilsa catching countries

While communitybased fisheries management (CBFM) for inland waters is well established
in Bangladesh, CBFMspecific to hilsa fishey is limited (Pomeroy et al. 2016) The
Empowerment,of Coastal Fishing Communities for Livelihood Sec(lEGFC) poject by

the Food ‘and_Agriculture OrganizatidfAO) of the United Nations demonstrated some
successn applying this model, but further efforts are needed to develop and institutionalize
CBFM model fin marine systemUNDP/GoB/FAO 200R Although policy saitements
promote CBFM for hilsa, these have not beeranslatedinto formal instruments or
implementedAs _a matter of fact, there remains a legal barrier to the local and indigenous
peoples’ right of accesgy to coastal resourcesthe state does natlow these rightsbeing
fisheriesand.foreést resources are owned and maintained by the govern{Reryt 2001)
Therefore, based ahe analysis ofnaturalresources and relevant tenure arrangements, Roy
(2001) emphasized to extendhe concept of commuiyibased property rights and

management.to coastal and marine areas.

Recently, e United States Agency for International Development (USAfixded
Enhanced Coastal FisheriesBangladesh (ECOFISBangladeshis one of thenajorinputs

to comanagement strategy for hilsa fisheiigCOFISHBangladesh2014). The interim
progress report oECOFISHBangladeshhighlighted he importance of close working
relationship_amongstakeholders (such as Department of Fisheries, NGOs, WorldFish,
Bangladesh.Navy, Coast GuaRlyerine Police and fishing communiti¢gskey to building

a common=wvision and local capacity for -m@nagement infrastructuréECOFISH
Bangladesh2017). ECOFISHBangladeshestablisked joint forces of Hilsa Ghat Groups
(HGGs), Hilsa Conservation Groups (HCGs), Community Saving Groups (CSGs) and
Community ‘Fish Guards (CFGs) for effectively workiimghilsa conservatianrHGGs and
HCGs look after compliance with hilsdishing ban period and gear restrictions, wha®
CSGsis working solely with women’sby giving out ‘soft loan'sfor income diversification

i.e. net making,tailoring, duck and goat rearing, and vegetable garde(H@OFISH
Bangladesi2017) The CFGsinitiative promotes astrong desire tde ‘self-police’ rather
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thanto beenforced bythe authorities. That motivation has been important to catalyzing more
consistent enforcemefudr restrictinghilsa fishing during ban periods afat building closer

cooperation between villagers and law enforceragencies

Livelihood diversification is an attempt by individual and/or household to find new ways to
raise income and reduce vulnerability.order tosustainthe hilsa fishery, both efarm and
off-farm activities (Table9) need taobe introduced during the fishing ban periadsenhance
cash income, employmenand to meethousehold food and proteidlemand Moreover,
education and,skill development training for professional diversityiatedestfree loars
from the bank are preequisites tomaintainlivelihoods by the fishermenn their villages
(Hossain et al.2013). Thealternative income generation programimelready introduced,
but the outreach is limitetb a small number of househol@Badhon,2016; Dewhurst
Richmanet al, 2016 Islam et al. 2016a) In 20092010, support foralternative income
generation involving US$ 4 per household was givenitto 4,388 households in 59 upazilas
under10 districts. In the following two years the coverage and amount havarnuoeeased
gradually, altheughhte quantity of food grainamount of cash incentives and number of
recipient hoeuseholdsieed tobe increasd for implementing the laws of hilsa figlye

successfully, especially during ban periods.

In India, hilsa fishery is managed by the state rather than by the centrahmgewer
suggestingthat there is less capacity and resources to actively implement management
measuregBoBLME 2010) There is currently no control on fishing effort and small mesh
nets used to catdhilsajuveniles.An annual fishingclosure in the Indian marine watdras
been declaretfom 15 April to 15 Jungbutthe relationof this initiative with hils&ishing or
hilsa spawningseasorns unclear(BoBLME 2010). Moreover, main spawning and nursery
areas of hilsarenot yet identified and mapped in India whichaiprerequisite tdormulate
management'measurs improving hilsafishery as BangladestAlthoughhilsa fishery by
now, has expanded over the Rakhain basin along the Myanmar and Thailars]tbeastis
limited cateh dataor export statisticsin that context BoBLME 2012; BoBLME and
SEAFDEC 201h Myanmar hagxpored 17,952 tonnes hilsa valued at US$ 39.53 million in
2009 (FAO 2012). Howevethere is no scientific stydon hilsa fisherythusit is difficult to
comment on the status of hilsa in Myanmar and Thail@aBLME 2010) Interestingly,
Myanmar has undertakexregistration scheme for ahe smallfishing craft, and his model

can be usefulor Bangladesh and India where sachscheme existRecently, aoad map
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for hilsa fishey management plan h&genlaid out among Bangladesh, India and Myanmar
(BoBP-IGO 2008), wherescientific netwoking among Bangladesh, India, Myanmar and
Norway hasnow beenestablished fojjointly developing and managing thelsa fishery
(Puvanendran, 20).3

Mariculture development

To date, domestication (= a condition wherein the lifecycle, breeding, cafeeatidg of an
organism are controlled by humans) has not been successful for hilsa, despite efforts made on
artificial fertilization and larval development. Collecting viable broods from the river/sea is a
limiting factor as the fish dies immediately afeatching it (Pillay 1955; Sahoo et al2016),

though the/ first author observed Ilive hilsa for-42 hours after catching

(https://youtu.be/B3xg0Q8Gfsat the Meghna ecosystemeding of hilsa fry in open

freshwater ponds has also been attempted in India and Bangladesh with little success in
growth and survival rate (Bhan&t De, 1984; Sharmal984; Sen et gl1990; Milton 2010;
Rahman et al.2012). However, age farming in Bangladesh holds great promis&7a296
km?water bedies, such as the islands of BHdknpuraHatiya (Figurel0), are suitable for
hilsa growaout in captivity by obtaining juveniles from wild (Hoss&nHossain 2016). This
activity ‘can offer economic benefit the smallscale farmersand more importantly will
reduce growing pressure on capture hilsa fishery (Sarker,e2dl8).In view of wider
interests (national and international) and huge commercial importance, themeuigent
need for developing hatchery and grout technology of hilsa. Critical research gaps include
water quality and nutritional (live and artificial feeds) requirements, undeista the
smoltification process, and broodstock management (Sahoq 20E6). In this connection,
knowledge from the successful domestication and breeding of American #tash (

sapidissim@_Chinese shadl( reeves)i and Atlantic salmonSalmo salay can be useful.

Condition ofthethilsa fisher men

Hilsa is arfundamental component of the quality of life and wellbeing of Bangladesh
including.seme parts of Myanmar and Indiaa similar manner to cod (Kurlansk$997),
salmon (Montgomery2003) and otheleadingfish specieghat underpin the economy, food
security and cultural identity of lopgstablished riverine and coastal communiti€se
Government of Bangladedilms undertaken hilsa protection and conservation initiatives to
improve the socioeconomic conditions of thehfmen For this purpose, a ban period is

imposed on hilsébroodstock fishingduring spawning season in Octolard onjuvenile
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435  fishing from November to MayTo compensate the fishermarcentives of food grain and

436  alternative income supportsve been introducdtslam et al.2016a; ECOFISHBangladesh

437  2017). 1t is recognized thasuch initiative has had a positive effect, since hilsa catch
438  increasedrom 351,223onnesn 201213 to 496,41Tonnesn 201617 (Dutton et al. 2018).

439  However;thevallocated incentive to each fishermen household at the event of ban period
440 seems inadequate. Also, malpractices are common in the distribution channel, such as
441  providing "allocation to the fake fishermen, offering reduced quantity of rice and not
442  following the delivery schedule (DewhwRichman et a).2016). Thus, for instance, the
443  incentive can be in the form of cash money via bank transfer in order to get rid of the
444  transportation costs and distribution loss, and to guarantee fishermen trudtsdadtisan.

445

446  RecentlyEnhanced Coastal Fisheri@&COFISH) project hasselected 15505 beneficiaries
447  belonging to poar fishing communities of 123 villagdso are involved in hilsa conservation
448  through AIG_(alternative income generation) supports, skéelopmenttrainings and

449  savings schemes. Tlaetivities ofAIGs includefish farming, vegetable cultivation, duck and
450 goat rearingspebbles making, and swing cloths (ECOMBS&hRflades2017). Specifically,

451  the‘one voice for the hilsa’s communitgchemeby ECOFISHhas made strong progresg

452  establising hilsa sanctuariesas well as developingommunity resilience(= improved

453  savings, livelihnoods and coping strateyiéswards climate related shocks and stresses
454  (Sharifuzzaman et al2018) Major driving forcesbehind this succesaeincorporated into

455  the concerted effortdoy stakeholders, such as governmefficials, fishing community,

456  moneylenders-curntraders, NGOs, law enforcement agencies, academszarchers and
457 local government uts. Further integration among science, policy, resilience and climate
458  changeadaptation options caild upthe overall progressMoreover, it is equally important

459  to understand the relationship between fisheries and resilfemrethe view point of non-

460  consumptive. valuation studypéwhurstRichmanet. al, 2016).Thus, other tha®conomic

461  benefitsand rice" subsidieby the governmenfislam et al. 2017), there are additional non

462  cash benefits=like social recognition, enhanced capacities and access to goveomment
463  governmentrservicesand opportunity for local entrepreneurshigll of which needed to

464  explore for strengthening the socioeconomic conditions of hilsa fishermen.

465

466  SUSTAINABILITY OF THE HILSA FISHERY

467  Ecosystem approach
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468  Ecosystenrbased management has been a prominent topic ifiefdeof natural resource

469 management fodecades that haygained momentum in marine management initiatives and
470 more specificallyin fisheriesresourceqgLong et al, 2015) The ecosysterhased fisheries

471 management (EBFM) is a systematic approatimanagingfisheries in a geographically

472  designated~area that contributes to the resilience and sustainability of the ecosystem and
473  recognizes the physical, biological, economic and social interadttossain et al.2017)

474 EBFM seéeks to account for the interspecies biocommunication with each ottrerthevi

475  environmem and with humans. The approach involves community participation, reliance on
476  scientific research and advice, conservative catch quotas, gear restrictions, comprehensive
477  monitoring,.and enforcement, temporal and spatial distribution of fisheries,athabit

478  conservation areas, and other biological and socioeconomic considerations (Witherell et al.
479  2000).Unlike many South and Southeast Asian nations where there is a long history of
480 experience INEBFM and related fields (Olsen et ,a2003; Osgood2014 Staples et al.

481 2014, Bangladesh has only recenfifartedto pursuethattype of biodiversityand coastal

482  resources'managemeatdcoastal resilience approach&o(neroyet al, 2016; van Brakel

483 et al, 2019.Similar approacés with cohesive structuman be adopted hlyilsa producing

484  countries/regions.

485

486 The 7" five=Vyear plan background paper of the Government of Bangladesh

487  (source: http://www.plancomm.gov.bd/wp-content/uploads/2015/02/19 Stréteg@cean

488 andRiverResourcedManagement.pdfhas emphasizedevelping the coastal and marine

489 fisheries following conservation and sustainable exploitati@pproaches.Therefore
490 restoration of lost habitats, preventiohfurther habitat degradaticendrestocking of rivers
491 can bepromising for the conservation of hilsé@here arefive sanctuariesn the riverine

492  estuarine ecosystena$ Bangladesh to serve the purposéitda conservationiglam et al,

493  2014; ECOEISHBangladesh2017 IUCN 2017. Also, several marine protected areas
494  (MPAs) arevintthe process of beidgclared to maintain marine biodiversity and fish stocks
495  at sustainableslevels (Hossain et aD14d).Co-management or the joint management of the
496 commonsgcan be an ideal option for implementing EBFM and/or MPA fruitféidy.
497 example, the Tetuli®River management area BangladeshFigure 1) comprises parts of
498 two districts, multiple suldistricts and many fishing villages, and this kind of multi
499  stakeholder involving resource management is already in practdeasfishery governance
500 in the Philippnes (Pomeroy et al 2010) and inlandor freshwater fishery/wetland
501 management in Bangladesh (SultakaThompson,2012). In the estuarine system, the
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geographical distribution of villages around commaterbodies may mean that the catches

in each village are heavily dependent on the activities in neighboring vill&geso
operation between the different villagssthe keyto achieve management goals. This is
particularly truefor Bangladesh whereén mary cases, more than one village is expected to
be involvediinithe managemaesftinland and marine resourcékhis requires particular skills

in commupnication and eordination, thereforantermediate management units may be more
difficult thanonly managig the fishing community. Basic understanding of the distribution
of species and their lifeycles must betaughtto local communities through the citizen
science approach to ensure that learning iswag. For instance, ecological links among the
key spetes,in the maritime zone of Bangladesh can be earmarked for EBFM plans (Figure
12). The diagram may not represent all of the ecosystem connections for all of the species;
however, it provides an idea of how these species impact one anothehatridctorsneed

to be considered when formulating the plan.

However, ‘'under the emanagement arrangement,fishery will need to be managed at
various nestedyScales through fishery management units. A fishery managementhenit is t
area to be'manageand the units should be formulated accordingpttial interactions in the
riverinefestuarine/marine environment, fishing communities and fish stocks. At a mmimu
three categories or levels of fishery management units may be trialed:

a) CBO level-smallest managemennhit composed of clusters of several adjacent fishing
villagesto which therights and authorithave been allocatei use andmanage local
fish stocks, and toegulate access to a specific water area

b) Upazilalevel (intermediate area)fishery coordination committees composed of two or
more CBOs represented by apazilacommitteeinvolving CBO leaders and government
officials.

c) Ecosystem.management level this is based on hilsa fishery ecosystems with a
management'body responséfor coordinatingthe community management areas in one
of the existing hilsa management units/areas (this may include parts of morenthan

districtza’geographic area larger than tipazilg).

Transboundary cooperation
Hilsa of the Meghna estuarine ecosystem is a mixed population occurring acrB8sy tbie
Bengal region, signifying that Bangladesh, Indian and Myanmar are most likely sharing some

same fish stocks (Miltoi& Chenery,2001). Based on this notion, which re@gs further

This article is protected by copyright. All rights reserved



536 validation, an integrated transboundary (= across one or more international ba@)ndarie
537 management plan with neighbouring countries is essential to sustain the cortsaatdoks

538 by protecting their spawning and nursery grounds, and establishing marine parkd&e no

539  hilsa (BoBLME 2011, 2012). Therefore, Bay of Bengal countries with hilsa fishery should
540 actively cooperate with each other and develop joint hilsa managemengystiGitailarly,

541  Kuwait, Iran and Iraq can jointly manage the Persian Gulf stocks, and hilsa of the Inelus Ri
542 and adjacent northwest India by India and Pakistan, if the fishery is to be managed
543  sustainably (Salini et aR004). Interestingly, hilsa population of the Sumatra (Indonesia) and
544  Perak River (western Penidau Malaysia) is found to be genetically distinct (Milté&n

545  Chenery,2001; Arai& Amalina, 2014). Therefore, further study is necessary to understand
546 the biologi€al'and ecological aspects of hilsa with their population structurdyaadics

547 across the regn in order to ensure sustainable exploitation (Salini et2804). Indeed,

548 adequate monitoring, surveillance and enforcement of fishery regulations need to be
549  considered as essential aspects for making the transboundary initiative effective.

550

551  Monitoringgeentr ol and surveillance

552  The existing fisheries laws and policies have not been properly implemented and non
553 compliance is common (Islam et,&016b; Murshegt-Jahan et al2014). Lack of adequate

554  monitoring, centrol and surveillance (MCS) is reported to affect the sustainability of aquatic
555  biodiversity and ecosystems in many countries. MCS capacity is constrained duak ¢b |

556  knowledge, skills and abilities related to compliance and enforcement among@rearditht

557 the local level that can only encourage illegal fishing activities. To addresaining and

558  mentoring activities should be carefully tailored to fill specific gaps and to deal with specific
559 needs within_n@onal and suinational units. Strengthening resource use rights is an
560 important approach to creating incentives for local fishermen to be part of an effective MCS.
561 Fishermen.who’have enforceable rights are more likely than others to be engaged in the
562 mangementTof resources. In general, barriers to be addressed include the existence of
563 cultural and=social constraints related to enforcement activities that might strain social,
564 familial, pelitical, or professional relationships, lack of effective partnerships with external
565 agencies andilocal leaders, and insufficient financial support and workforce for compliance
566 and enforcement activities. Specific activities may include strengthening the strategic focus
567 and effectiveness of public education and outreach efforts, assessing the effectiveness of
568 current information and outreach campaigns, increasing law enforcement capabilities and

569 effectiveness with respect to legal and tactical procedures, providing supplemental and
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570 advanced training, developing commumrstyported enforcement efforts, and creating local
571  enforcement alliances.

572

573 Marinereserves

574  Marine reserves (MRs) can enhance the sustainability and resilience of marine ecosystem
575  health and'fisheries resources. In 2014, Bangladesh has declared 1°T8&ikmprotected

576 area in the Swatebf-No-Ground (SoNGVIPA) for the protection ofhreatened cetaceans

577  (i.e. dolphins, whales), turtles, sharks, raysl other marine species (UNEP/CBD 2016). In
578 2000, arMR.area 698 knf) was also established in the Middle Ground and South Patches of
579 the northern Bay of Bengak ‘absolute no take, no go zonAdditionally, two marine parks

580 have beenrestablished in the Saint Martin’s coral reef island and Khulna Sundarban mangrove
581  foress.India'has ~12,300 kiMPA (= >0.5% of EEZ) and Myanmar has ~340°RdPA (=

582 ~0.01% of EEZ) (BoBLME 2012). But, to what extent those MPAs/MRs are relevant for the
583  protection and conservation of hilsa stocks is not known. Fisheries stakeholders beed t
584  consulted ‘and involved in all stages of the conception, formulation and implementation,
585  preferably threugh conanagement, of any new MRs. This balance of establishing MRs
586 alongside building an understanding of the benefits to the fishery is an imporgrtrent

587  of establishing an effective governance regime.

588

589  Researchableissue

590 Itis useful to initiate a datprospecting and dat&covery effort for the catch composition of

591 hilsa since 1950s. This kind of analysis can provide valuable insights intoldhesatial

592 dynamics, as unplanned water control structure on the rivers is known to affdutinidarce

593 and distribution_of hilsa. Some habitats, such as the southeastern rivers indBsimgla
594 including the Feni, Muhuri, Karnafully, Sangu, Matamuhurikiddali and Naaf rivers are

595 not known'.to.bé suitable as hilsa spawning grounds (Hossain 20&6), but the reason

596 behind the=fact need to be uncovered with scientific interpretation. To develop hilsa
597  mariculturep=domestication of hilsa for seed production is necessary togettter wi
598 identification’ of suitable cage farming sites for increasinghifea production. Moreover,

599 development of gespatial models can be useful to know suitable habitats of hilsa across the
600 life cycle (Hossain et gl.2016). This type of model requires information on river/sea
601  bathymetry, water current, primary produdiyiturbidity and habitat data specific to life

602  stages.

603
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Some other novel methods, such as, transeSof°Sr isotope ratios in otoliths (Milto&
Chenery,2003), allozymes and morphometric analysis (Salini e2@D3), and distinctive

trait of the parasite fauna (AlanR001) can provide information about the seasonal
movements and residency of hilsa. Additionally, electronic or genetic tagging maijutenst
interesting andpowerful alternatives to investigagehitsa population structure and estimate
mortality rates. " Moreover, some common questions about hilsa are to be answered, for
example, (@) where hilsa disperses after leaving the freshwater ecosystem and where adult
lives in the offshore, (b) whether halsexhibit homing fidelity, and (c) whether hilsa is
semelparous (= single reproductive) or iteroparous (= multiple reproductive cycles) over the
course of'its_lifetime, or both patterns exist among the population. Additionally,telima
change issues (= extreme events, sea level rise, ocean acidification and hypoxia) are
unavoidable'in“coming days, thus resilience and adaptation to impacts of climate change on
the hilsa fisheryy must be taken into account focusing fisheries science, technology, society
and economy (Chowdhury et ,aR013. Importantly, relevant local/regional academia and
research ‘nstitutions should be involved in coordinated research programs tb avoi

reinventing.the.wheel.
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Table 1.Catch.data of hilsdrom the Meghna River at Chandpur and Padma River at
Goalunda.(Bangladesh), and Ganges River at Allahabad (India)

Year Landing Reference

Meghna River (tonnes) Padma River (tonnes)  Ganges River (kg/km)

1937 457 - - Das(1985
1938 299
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1041

1939 976

1940 826

1967 - 2,875

1968 - 2,323

1969 - 9,409

1970 - 6,089

1971

1972 - 921

1973 - 12,014

1974 - 2,435

1997 57,532 2,278 - Huq (2006
1998 57,327 2,308

1999 51,086 2,242

2000 47,340 2,363

2001 41,473 1,462

2002 39,904 1,058

1950s - - 1344 Vass et al
1960s - - 1,168 (2008
1970s - - 529
1980s - - 665
1990s - - 333
2000s 362

Table 2. Annual growth of hilsa in Bangladesh waters (source: Rakn@aowx, 2006)

Sex Total lengthof hilsa (cm)

Year 1l Year 2 Year 3 Year 4 Year 5 Year 6 Year 7
Both sex 19.2 27.5 34.7 40.8 45.8 49.7 52.5
Male 19.5 27.3 33.9 39.2 43.2 46.0 47.5
Female _119.1 27.9 35.5 42.0 47.4 51.7 54.8

Table 3. Basiebiological datd bilsa (source: Mome &rnason, 2008)

Age Base year cohort Individual Biomass Natural  Fishing Maturity

(year) no“(million fish) weight (kg) (1000 mortality mortality rate
tonnes)

0.5 24928.00 0.05 1271.30 4.00 10.50 0

1.0 456.60 0.27 124.00 0.64 1.64 0.80
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1045
1046

1.5 88.60 0.62 55.20 0.64 1.64 1.00
2.0 17.20 0.97 16.80 0.64 1.64 1.00
2.5 3.30 1.35 4.50 0.64 1.64 1.00
3.0 0.60 1.71 1.00 0.64 1.64 1.00
3.5 0.10 1.92 0.20 0.64 1.64 1.00
4.0 0.00 2.14 0.00 0.64 1.64 1.00
Table4. Fecundity of hilsa in different habitats

Habitat Length (cm) Weight (g) Egg numbers References

Hooghly estuary 25.348.1 - 2500001600000  Pillay (1958)

Upper Ganges River 31.550.6 - 2890001168622  Swarup (1961)
PadmaMeghnasRivers 22.548.3 - 9000002000000  Qureshi (1968)

Meghna River 38.052.0 - 3827021821420  Shafi et al. (1977)
PadmaMeghna Rivers 33.051.0 - 6000001500000  Quddus (1982)

Hooghly River 33.452.2 - 3731201475676  De (1986)

Padma River (Gaulunda) 26.651.1 5361925 1790001302000 Moula (1992)

Meghna River 28.7-52.3 - 2260001931000 Rahman et al. (1998)
Bangladesh 17.1:41.5 - 1085001993846 Blaber et al. (2001)
Coastal wate(Bangladesh) 3951 8001700 10309511940620 Saifullah et al(2004)
Meghna River (Ramgoti) 35.547.0 4481300 1356001703200 Haldar (2004)

Padma River 35.055.7 6001775 5587001867000  Akter et al. (2007)
Bangladesh 44.5 1100 2286000 DoF (2008)
Hooghly-BhagirathiiRivers 40.1-44.5 631-1175 723121554894 Bhaumik& Sharma (2012)

Table5. Ecologicaparameters of hilsa across the life cycle (Hossain,2@16)

Characteristic Life stage

Egg Fry Juvenile Adult Broodfish
Temperature (°C) 22-25 2526 24-27 21-25 21-24
pH 6.07.5 6.0-7.5 6.0-7.5 6.07.5 6.57.5
Salinity (%o) 0 0-1 0-2 0-30 0-2
Turbidity (mgil) 50-75 55102 55102 65-106 40-65
Water current (m/s) 0.100.15 0.100.16 0.170.21 0.180.22 0.180.22
Dissolved oxygen (mg/l) 5-6 5-6 5-6 4-6 5-6
Depth (m) 1-4 4-6 5-20 5-100 5-10
Timing (month) OctNov Nov-Jan FebApr May-Sep SepOct
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Habitat River/estuary River/estuary River/near shore River/sea River/estuary

1047

1048  Table6. Studs resultson the population dynamics of hilsa

Region Fish length Lo K [} Z F M E Reference
(cm) (cm)

North Arabian.Guilf, 14.057.0 525 0.36 3.00 1.20 0.80 0.40 0.67 Al-Baz& Grove
Kuwait 1995
Northwest Arabian 25.058.0 605 0.32 3.07 1.28 0.66 0.62 0.52 Mohamed et a.
Gulf, Iraq 2001
Bangladesh waters 20.046.0 515 0.53 3.14 3.08 2.07 1.01 0.67 Halder& Amin,
)] 2005
Bangladesh waters 20.052.0 65.6 051 3.34 287 195 0.92 0.68
(?)
Bangladesh waters 585 0.71 3.28 261 1.39 1.22 0.53 Ahmed et al.2008
Northwest Arabian 20.039.0 422 0.78 3.16 453 3.24 1.29 0.72 Hashemieta].
Gulf, Iran 2010
Northwest Arabian - 427 077 314 255 180 0.75 0.70 Roomiani& Jamili,
Gulf, Iran 2011
Bay of Bengal, India 15.541.5 47.8 190 3.64 198 0.73 1.25 0.37 Duttaetal. 2012
Indus River, 18.031.9 315 155 213 2.89 0.68 221 1.00 Panhwa®& Liu,
Pakistan 2013
Northwest Arabian 12.248.0 615 0.28 3.02 166 1.11 0.55 0.67 Mohamed&
Gulf, Iraq Qasim 2014

1049 Loo= asymptotic growth, K= growth rate, & =growth performance index, Z= total mortality rate, F= fishing
1050 mortality rate, M= natural mortality rate, E= exitédion rate
1051

1052  Table7. Type of hilsa fishing gears in the Meghna estudaygladesh

Gear kength (m) Width (m) Mesh size (cm) Fishermen no. Seasonality
Drift gill net , 10001500 1012 8-10 1012 Apr-Nov
Fixed gill net 10031200 8-10 5-7 4-6 Nov-Apr
Seine net 10001500 5-8 2-5 7-8 Nov-March

1053
1054 Table 8. Distribution of food grain and cash incentivesfishermenhouseholds (source:
1055  Habib, 2014)

Financial No. of upazila (no. Food grain distribution Alternative income generation programn

year of districts) Allocated No. of Allocated money per No. of households
amount (tonnes) households  household (US$)
200809 59 (10) 5730 143,252 - -
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200910 59 (10) 19,769 164,740 3.91 4388

201011 85 (15) 14,471 186,264 6.67 6869
101%12 85 (15) 22,362 186.264 7.56 7785
201213 88 (16) 24,748 206,229 1.68 1743
201314 91 (15) 35,856 224,102 151 1165

1056

1057  Table9. Alternative income generation activities for livelihood diversification

Onfarm activity Off-farm activity

Integrated gfiskpoultry-livestock farming (well Handicrafts/showpieces making (doll, fish, hand f
designed for waste containment and recycling) hat, etc.)

Cage or pen aquaculture of commercial fish spe Bamboo and cane handicrafts making (basket, s

(hilsa, tilapia,carp,barb) chair, etc)

Mud crab fattening and live marketing in domestnd Tailoring and embroidery (indigenous, traditior

export markets dress)

Smallscale aquaponic (combined culture of fish ¢ Fish processing and preparing value added proc

vegetable in water) food production (such as fish drying, salting, smogiricing, packing)

Organic production, such as vegetable production v Eco-tourism, catering service
compost (locally called ‘kechosar’)

Homestead | vegetable gardeningmaltscale dairy Smallscale enterprise development, sashimproved

farm (2-5 cows formilk) cooking stove (ICS) preparation, pottery, weaving, etc.

Road/embankment side fruit (high yielding man( Rickshaw/van pulling (for passenger and gop(
lichi, guave, kul/plumspapaya, banahgardening vehicle/boat driving, diesel engine ggpng, cell

phone servicing

Mangroves/plant nursey Boat making/repairing, net mending

1058

1059  Figure captions

1060  Figure 1.Spatial distribution of hilsa shad and its main migration routes (black arrows). The
1061  main spawning grounds (dark line areas) are assumieel lmcated in the rivers/estuaries of
1062 the Bay of Bengal and Arabian Sea.

1063

1064  Figure 2.Hilsa catch data from the river and marine waters of Bangladesh and India (data
1065  source: FAO 2017)

1066

1067  Figure 3. Average size (total lengtbi hilsa for the first six monthsn Hoogly-Bhagirathi

1068  River, India

1069
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1070  Figure 4 A schematic representation of the life cycle of hilsa shad (source: Hossain et al.
1071  2016).

1072

1073  Figure 5 Hilsaless tributaries of Meghna deltaic region, enlarged (left) to show ecosystem
1074  functionstinattypical thutary

1075

1076  Figure 6. Hilsa'food web in the marine and estuarine ecosystems of Bangladesh

1077

1078  Figure 7.Maring and river catch data of hilsa

1079

1080  Figure 8.Hilsa fishing gears in the Meghna River estuary, Bangladesh (insiteashinny
1081  hils@)

1082

1083  Figure 9. Major initiatives taken by the government of Bangladesh and internagienales
1084  for hilsa pretection, conservation, managenanvell adivelihood resilience of fishermen
1085

1086  Figure 10'Potential hilsa maculture sites along th8holaManpuraHatiya islands of the
1087 Meghnadelta, Bangladesh

1088

1089  Figure 1. Schematic representation of possible miidi comanagement arrangement for
1090 managing.the hilsa fishery and coastal ecosystem in Bangladesh

1091

1092  Figure 12 EBFM plan for key species ithe maritime zone of Bangladesh
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