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ABSTRACT

In the drive to increase foreign excharge on.the shrimp resource base, the development strategy
has been to bring additional backwater area under the open semi-intensive culture system. Apparently,
the nature of the shrimp resource complex is such that any increased harvesting/trapping of postlarvae
and juveniles in the backwaters (nursery grounds) will adversely affect the recruitment levels in the
fishing grounds. The case in question is the Cochin Backwater System, along the adjacent sea in
which, overfishing has contributed to reduced catches. Further, loss of nursery grounds due to large
scale enclosures for mariculture, will greatly reduce the natural ingress and survival of postlarvac in
the backwaters. Hence, the government policy on the promotion of open semi-intensive cul ture system
appears_ to be ﬁawed

Against this backgroufld, we examine the emerging compeling interests and conflicting uses of the
resource with the basic research questions directed toward what constitutes optimal use ; what is the
alternative in terms of maximising social benefits and what policies may be formulated. In the evolving
resources-development scenario, the rational allocation and future use of the shrimp resource is seriously
threatened by environmental externalities and competing forces that are peripheral to_ the fisheries
sector. In the allocation of penaeid shrimp resources, a- balance predicated by the lifecycle of the
species and socio-economic exigencies must be established for sustainable use. Furthermore, in the
case at hand, the options to continue shrimp farming or to translocate in a phased manner to other
brackishwater systems alongthe coast requires urgent examination, in view of the grave environmental
problemsthere. This study provides some useful insights into the complexity of managing a renewable,
but shared aqualic resource along a developing coast.

Inmobucndn

THE CONVENTIONAL wisdom in public policy
meking is that dsvelopment precedes manage-
ment and as such mangement will impzd: rapid
conomic development.. The tragedy of the

foregoing duality is amply illustrated by the

. Presented at the ‘Symposmm on Troprcal Marine
Living Resources® hela .by the Marine Biclogical
i\gﬂigléélon of India at Cochin from January 12 to

The views expressed herem are those of the authors
und do not necessarily reflect those of any lnsututmn,
Government or country. o 7

‘buman predicament in which it is set.

present ecological crises in many developing
countries. For all planning purposes, develop-
ment and managzm:nt must be conceptualised
as two inseparable pasitive-change processes,
having the same basic objective(s), be .they
socio-economic bencfits, productivity, conser-
vation or a combina‘ion of objectives. The
problem ia the use of Kerala’s shrimp resources
underscores this rational view aad is discussed
hereby the growivg dilemma in allocating the
shrimp resources of the Cochin region and

translating the social bencfits in the overall
We wxll
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attempt to juxtapose the nature of the shrimp
resource complex with the problem of increasing
fishing pressure. In the light of these ecologic
and economic correlates, we will examine
State sponsored dzvelopment and speculate
on the resolu ion of present conflicts, We will
also examine briefly the human impacts ou the
coastal system and recommend social adjust-
ments imperative for the future use of the
shrimp resource of the State. It should be
clear that our attempt here is not to reiterate
the ecology or the shrimp fishery resovrces of
the Cochin Backwater or the ‘ why ° questions
of managing the resource or the human situa-
tionin the Cochin region. There exists abund-
ant literature op all these aspects in this case
(Gopinath, 1956 ; George. 1961 ; George et al.,
1968 ; CMFRI, 1969 ; Kurian and Sebastian,
1975; Kurian, 1978 ; Gzcrge and Suseelan,
1980 ; Silas et al, 1984) and tbere have been
no lack of warnings on the resource-environ-
ment situation (Menon, 1967) Jhingran and
Gopalakrishnan, 1972: Gopalan, 1984;
Gopalen et al., 1983 ; Gopalan and Doyil,
1986 ; Stephcn, 1984, 1985), Insiead we intend
to help bridge tae gap beween rhetoric and
reality by addressing the vital question of
‘how ® the resource may be innovatively
planned, developed and managed for the
present ard future use.

One of us (DS), was privileged to have the
guidance of Dr. John E. Bardach., University
of HawaiifEast-West Center, Hawaii, USA,
during the doctoral dissertation research, which
is gratefully cherished. This paper was deve-
loped from that research and was inspired by
him.

BACEGROUND

~ Penacid shrimp resources support one of the
most valuable marine fisheries of the World.
The exploitaticn systems ip the pepacia shrimp

fisherics -is closely related to the spetial .
-evolution of the lifescycle and the ecology of .

‘the different stages (Gracia aad LeReste, 1981),

DAVID STEVHEN ‘AND'OTHERS ' *

In most tropical coastal areas e.g. Bangladesh,
Indiz. Ivory Coast ard Suriname, shrimp
resqurces are subjected to two exXploitative
phases in a sequeatial pattern. In gemery],
artisanal fishermen (the term includes sheimp
farmres) exploit the juveniles in estuaries ang
backwaters, while trawl operatars using mechge
nised vessels exploit the subadults and aduits
after they migrate to the sea, However, in
Bangladesh, India and the Persian Gulf for
example, artisanal fishermen were exploiting
the shrimp in the sea, even before the advent
of mechanised fishing in their respective ¢rasts,
Conflicts between artisanal fishermen and
industrial fishermen exist to varying degtes
in many coastal shrimp #fisheries.  These
conflicts are mainly due to unequal sharing
of tae same stock(s) in tae same fishing grounds -
(parallel exploitation) or flshing in isolated
regions, but on the same resource complex
(sequential exploitation). The case of the
Ivory Coast shrimp fishery is of interest here,
because artisanal fishermen being at an advan-
tage, drastically reduced recruitment of shrimp
to offshore trawiing grounds, This led to the
disappearance of the trawl flect as the catch
rates and profitability declined (Willmann and |
Gracia, 1985). Apparently, the nature of the
shrimp resource complex is such that ary
increased harvestir g/trapping in the back-
waters (nursery grounds) will adversely affect
the recruitment levels ip the fishing grouads
(Gzorge and Suseclan, 1980; Gracia and|
LeReste, 1981; Kalawar et al., 1985).

The rapid development of the industrial:
shrimyp fisheries, since the late Fifties bave
becu, by and large, to the neglect of the
historicartisanal fisheriés. In general, the
socio-cconomic impacts of these changes in
the shrimp fisheries have not been satisfactorily
assessed mor have conflicts been resolved
(Sathiadas and Veakataraman, i981; Silas
et al., 1984). Burthermore. encouraged bf
" increasing demand and strong price rise in the
export trade and because of the need for lat§!
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smounts of foreign exchange (Smith, 1985),
most developing countries have neglected
management of the resource for short term
peaefi's.  As ome might expect, problems
stemming from the common property nature
of the resource and the sequential pattern of
exploitation have caugbt up with the industry
ia every case, Comservation oriented manage.
meut of the shrimp resoucces have become
unavoidable with increasing effort directed to
augmenting production through aquaculture
(FAO, 1984),

Coastal aquaculture production in Asia
between 1975 and 1984 has hid an estimated
average aonual growth of 6.4, but the crus=
taccan production, mainly penaeid shrmp
ncreased by 55.5% (Palomares, 1985). Surimp
culture is now recognised as a lucrative produce
tion opportunity to meet the export demand.
Investroent in shrimp farming and research has
dominated the aquaculture scene and we way
well begin the midst of a Shrimp Era. Many
developing countries with their large potential
for shrimp farming are rapidly expanding theif
production areas. Export markets in Japan,
USA aud Furope are becoming saturated
even as these countries attempt to jump th:
shrimp baadwagon, There is speculation that
the wit price of shrimp may come down, but
that consumptior will increase as this gourmet
item becom :s available to lower income groups
(Sakihivel, 1985). Be that as it may, coasta
aquaculture as widely practised in many deve-
loping countries as introduced a new dimen-
sion in the sharing and maneging of shrimp
resources. We believe that a serious: problem
in resource use. was created by erroneously
treating the postlarvae in estuaries and back-
waters as ‘ seed resources ® for shrimp culture
by many research and development agencics,
national and international. Thus constituting
an encroachment of the resource complex in
the case of historic users and also in other
cases where fully developzd industrial shnmp
fisheries: were: already' in place. - ol

- The phenomznal growth of Ecuador’s shrimp.
culture industry is a case in point. In
1965, the shrimp industry produced some
5,000 tonnes, but by 1984, the total productijon
had climbed to a record 35,000 t anrually
through the development of aquaculture
(Meltzoff and LiPuma, 1986). Byt the recent
declining trend has sent a clear message of
what went wrong, Shrimp culture there dépen-
ded on ‘ natural seed resources’. The supply of
seed dwindled due to overexploitation and loss
of nursery grcunds to pond area. It has been
suggested that the relationship between shrimp
recruitment and nursery area appzars t) be
logarithmic. The loss in shrimp due to destruct-
ion of a given area of nursery can be expected
to increase rapidly as the remaining area of
nursery decreases (IOFC, 1973). At present,
shrimp culture is being expanded in many
developing countries even before hatchery
technologies are commercially available to
them. Although the situation in many deve-
loping countries has the potential for ar Ecua-
dorian experience, nothing as dramatic may be
expected, if the correct lessons are learnt and
actions taken, But the Ecuador example
clearly sk ows that a better development oppor-
tunity exists in culturing shrimp rather than
capturing it at sea, provided the exploitation
of juveniles from natural sources for seeding
poads is managed. '

From the foregoing discussions onthe shrimp
resources use, two important management jssues
emerge : 1. The allocation of fishing effort —
the problem created by the increasing fist ing
pressure of different user groups on the resource
complex as a whole and 2, Maximization of
value — the question of weight aud numbers
harvested by . these groups (FAO, 1984). It is
often argued that managemen: d:cisions cannot
be mad: as adequate knowledge on the shrimp
stock(s) is notavailable, butthe. record shows
that policy decisions or regulating or allocating
the resource are not taker even when existing
knowledge- demands it. The crux of the problem
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lies ip musteringthe political will, rather than
just the .difficulties of readjusting existing
patterns of use without causing major social
unrests., While the ecological problems caused
by the sequential fishing pressure are similar in
most coastal shrimp fisherie:, the socio-
economic and political set up iz which the
resource exists differs and so do the means
to resolving management problems.

in the case of India, govcrn_zhenﬁt involve-

ment (Deviah, 1985 ; GKDF, 1983, 1986) with

the objective of improving the welfare of lcwer
income fisherfolk and at the same time aug-
menting export through shrimp culture may
be qubsnonable, due to the entry of wealthy
newcomers into. the system from outside the
targeted ﬁoherfolk population (Smitk:, 1985).
Already artisanal farmers are beirg pushed to
marginal aress and mary have lost the oppor-
tunity to farm or becom: employees there,
The ‘trickle down effect °, from government
projects, if expected, will not be significant,
Obwously. little or nothmg has been learnt
of the adverse impacts of the  Green Revolu-
tion’ in the agricultural sector or of the
mechanisation of fishing in the making of the
so-called ‘Blue Revolution® in the fisheries
sector. In most cases, govervment development
progralomes cause Inanagement problems,
because of their failure to comsider all options.
Furthermore. the government is often ‘unable to
implement its own management measures which
invariably come when a crisis has set in, It
may be argued that ia the allocation of scarce
finangial resources, direct monetary transfer
to targst groups will produce more real benefits
than through ‘schemes’ implemented by the
governm:at. Management mesasures cannot

¢ coércive nor can development projects
encroach on the rights of other users. But
there is little doubt that impact assessments,
conflict resolutions through available means,
provision of incentives, motivation and trade off
gtrategies can siguificantly improve resource
use, . ‘Managers and decision-makers must

weigh the options, knowing that there are no
easy solutions, but only difficult. choices. But
choices must be made by semng the priorities
for the .resource, within. the overall context
of the multiple use of Jand and water in the
coastal system. Puttmg off these critical decj.
sions will not solve the problems In fact, the
present situation in shrimp fisheries strongly
suggests that in many cases opportunity for
balanced devclopment and optimal profizability
may bave been Jost.

SHRIMP Resource USE AND HUMAN IMPACIS
' IN THE CCCHIN REeGION

* The history cf artisznal and industriaf
shrimp fisheries of India has its beginaing
in the Cochin region Artisanal methods cf
fishing in the sea and backwaters and trapping
juvenile shrimp in mod.fied lowlying paddy
fields catered to the loczl market and also
sustained an export trade in dried shrimp of
some significance. The introduction of mecha-
nised fishing rapidly changed tnis patierr: of
use to an industrial scale, witl ¢xport o1 shrimp
in frozen form (CMFRI, 1969 for the carly
history of shrimp fisheries of India). Artisanal
farmers now had the incentive for growing
shrimp to larger sizes to suit export market.
But the other fi;hing gronps, mainly the stakenet
operators continued to capture juveriles in
strategic canals to supply the local market
for juveniles (in dried and fresh form). the
export of dried shrimp soon stopped (Kurian
and Sebastian, 1975). The stakenet operators
being physically disposed between the farming
area and the trawling grounds had the advan-
tage of capturing postlarvae/juveniles entering
the backwaters and also the subadults leavings
for the sea (Menon and Raman, 1961), It has
been estimated that about 600t of Juvbmles/
subadults of shrimp are caught in the Cochm
Backwater every year by stakenet and sluice
gate operators_(Sakthivel, 1985), It may be
mentioned that over 3000 staken.ts are
deployed in these backWaters (Kala.Wat et al ,
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1985). In this three way partitioning of the
shrimp resource complex, the exploitation of
juveniles was considered an irrational use as it
precluded the opportunity for growth and
- export at higher prices. A management measure
in favour of farmers was introduced by allowing
the stakenets to be operated only during the
ebb tide. The stakenet opzrators were now in
greater compsatition with trawl operators by
capturing the recruiting shrjmp. In addition
to these problems, artisanal fishermen and
industrial fishermen compeiing for shrimp and
fish in the adjacent sea, led to serious conflicts
and many social disturbances (Somasekharan
and Jayaprakash, 1983 ; Silas et al., 1984 ;
Kalawar ef al., 1985), Zoning inshore areas
and also giving cxclusive fishing rights to
artisanal fisherman in mudbanks, app:ars to
have resolved the problem, Although this may
not constitute an efficient utilization of the
available shrimp resource, it may be argued to
have satisfied the optimality concept to some
extent. Having recognised the high profitability
of shrimp farming in the region, due mainly
to many free and cheap inputs, the collection

of shrimp juveniles from the backwaters has

intensified (CMPRI, 1985), placing the trawl
operators at a greater disadvantage. Further-
more, the lease rate for farming area has soared
into the tens of lakhs of rupzes, with contractors
and rice fizld landowners entering the business.
karge financial assistances are now available
to them from shrimp processing firms, banks
and . government (MPEDA, 1986).

In the overall competition for shrimp
resources the relation between fishing pressure
and production is often blurred by the mi gration
of stocks to and away from the region and by
multiple species composition, nevertheless, the
general relation is reflected in the production
picture. Shrimp migration studies show that
the recruitment of shrimp to the offshore arca
may also support fishery further south of this
Tegion and also in Sri Lanka and Tamil Nadu

(CMBFBRI, 1982). Kalawar ez al. (1985) in their
report on the Kerala’s marine fisheries, empha-
sised the need to strike a balance between the
backwater harvesting of shrimpand capturein
the adjacent sea, both judiciously and scientifi-
cally, but keeping the backwater harvesting
at a modest level, in view of the parent stock-
recruitment relation. They recosnise the diffi-
culties in reducing the fishing pressure in the
backwaters and what it entails in socio-
economic and political terms. At present,
about 150-200 trawlers operating in the
adjacent sea capture only about 3000-
4000 t (Silas et al., 1984) annually, as
compared to farmers who currently harvest
over 2,500t in about 5000 hsctares in
the backwaters (CMFRI, 1985). However,
it is generally recognised that the shrimp pro-
duction from these backwaters has drastically
declined, Earlier reports indicate about
10,000 t of shrimp as a gross estimate of the
take from the backwaters during its more
productive years in the past (Kurian and Sebas-
tian, 1975; Rao, 1982, Purushan and Rajendran,
1984). Even thisissaidto be an underestimate
fur the shrimp caught in the backwaters for
1984 is estimated to be have been in the range
of 20-25 million rupees (Kalawar et al., 1983).
This inciudes the earlier menticned estimate
of 600 t may even be as high as 1000 t) of
juveniles taken by stakemet and sluice gate
operators (Sakthivel, 1¥85; Stephen, 1985).
To date, there are no reliable production figures
from these backwaters fora number cf reasons,
particvlarly due to scattered informal merkets.
Nevertheless, roughly summing up these pro-
duction figures in numbers, suggest that the
patural ingress of postlarvae or juveniles is of
the order of a few tens of billions (Chandran,
1984 ; Kalawar et af., 1985). What bogglesthe
mind is not the reproductive capacity of the
shrimp population, but rather the costs of
producing these aumbers in hatcheries should
the backwater ecosystem collapse. '
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In the exploitation of the shrimp resources
of the Cochin region, theé following economic
and ecologic correlates take importance: 1.
A large population of fisherfolk deperd on the
resource for their livelhood. 2. The backwater
system serves as a foodshed for the riparian
population and as nur;ery grounds for shrimp.
3. The fishery supports the local economy signi-
ficantly and coatributes to natiomal foreign
exchange necds. The backwater system also
facilitates other activities, such as port and
inland water navigation, These are also legiti-
mate uses of the water systcm, However,
development of the Ccchin Port (Bristow, 1967)
and the establishment of the FACT fertjlizer
plant and the construction of the Thanncer-
mukkam Dam are major events in the making
of the present ecological crisis there. Develop-
ments over the last three decades have led to
large scale alterations in the physiography,
water quality, biotog.cal composition and
fisheries production of the system. In a recent
study by one of us (Siephen, 1985), impacts of
agricultural, industrial and urbas develop-
ments op the Cochin Watershed (includes
catchment area of river systems and back-
waters) show a general lack of horizontal-
crmmunication across the various cconomic
sectors, independent plaaniag, lack of foresight
in the multiple usc of land and water resources.
.As a result, the backwater system has frag-
mented and environmentally deteriorated, with
a drastic reduction in the aquatic resourcs
‘potential. The environmertal issues there
are too mamy to inention here, but land
reclamation (KSSP, 1978, Gopalan ez al.,
1983 ; Balakrishnan and Lalithambika Devi,
1984), impoundments and diversion of fresh
water flows (Kannan, 1979; Stephen, 1986)
and aquatic pollution (including radionuclides)
are major concerns (Remani, 1979 ; Stephen,
1984; GKPCB, 1982). In fact, harvesting of
edible forms from the backwaters are questio-
nable from the human health stand -point
(Gore ez al., 1979; Kalawar et -al., 19853
Stephen, 1987). R C

However, given these environmental prob-
lems, recent fisheries development there has also
compounded the economic losses, State spohé_
sored shrimp culture development. projects,
in areas down stream of pollution sources and
location of hatcheries near unsuitable water
source are mentioned here (Choudhury, 1985),
just to examplify the shoddiness in the decision-
making process. Further, the failure of
regulatory agencies in controlling pollution
and in overseeing land and water uses, strongly
suggests that, there is also a legal and institu-
tional crisis. The resolution of this crisis is
bound to improve the backwaters and the use
of natural resources in the region. This involves
in part, the establishment of an apex coordi-
rating body with the necessary political clout
to oversee all major land and water uses and
to set the priorities within an ecosystem frame-
work for the entire Cochin Watersped. Estab-
lishing such a working system, the likes of
which this country has not experienced yet,
willin itself be a major challenge to the political
set up in the State, It is in anticipation of
such arrangements only, that the planning of
the future use of the shrimp resources and
aquaculture can take place in the Cochin Back-
water.

DEVELOPMENT OPTIONS AND MANAGEMENT

In most penacid shrimp fisheries fajlure to
incorporate: mangement measures in' develop-
ment planning, lack of foresight and poor
choice of development options have led to
excessive fishing pressure on the resource,
resulting in over investment, low economic
returns, higher cost of prodaction, reduced
total valie and over population of the industry.
Based on production levels it is certain that
the net economic rent would be significantly
higher by reducing the fishing effort. - However,
measures to reduce cffort in the short térm will
have serious social and economic consequences.
This is the case with the Cochin shrimp fisheris
(Kalawar et al., 1985). Nevertheless, shrimp
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are annual stocks with high natural mortality
and therefore it is advisable to fully exploit the
gvailable stocks at sea, but protecting the
nursery areas and recruiting stages in the
" backwaters. These aspects indicate that the
socio-economic factors are more important
than the biological factors (Silas et al., 1984),

Penaeid fisheries with their sequential pattem
of exploitation present a special problem in
the allocation of fishing effort. - Reducing effort
in the estuaries and backwaters will directly

:nefit the fishermen at sea by increasing
their catch, the converse can also be true.
Whereas in most other fisheries, the larger
banefits of a management mecasure can be
shown to directly accrue to the targeted fisher-
folk population. Purthermore, migration of
stock(s), multiple stocks and species composi-
tion in the fishery make assessment of the
benefits of a mangement measure difficult.
Additionally, presence of paraliel or multiple
exploitation on the same resource complex

with diverse fishing methods, also complicates

the allocation of fishing effort and manage-
ment, Nevertheless, it is believed that with a
first level management based on available
knowledge on the stock (inadequate as this
may be) and a commeon sense approach, much
larger social and economic benefits may be
had than presently evident.

To begin with development and management
~ of a natural resource must be conceptualised
as a meanps to achieving maximum benefits to
society, but taking into account the biological,
social, economic and political values of the
society using the resource (Opiimal Sustainable
Yield Concept) (Roedel, 1975). Furthermmore,
the desired objective(s) for management must
be clearly established and the legal and institu-
tional arrangements in place for efficient appli-
cation of management policies. These policies
must relate to the short term and long temm
‘objectives of -management.- The following
objectives may be considered relevant to the

Cochin shrimp fisheries : Maximisation of the
Physical yield (in weight); (Maximisation of the
total value of the catch in terms of foreign
exchange ; Maximisation of net economic rent ;
improvements in the socio-economic condition
of the lower income user groups ; Conservation
of reseourcs (Silas et al., 1984).- The first three
objectives bave direct economic-ecologic
linkages and are of short term consequence.
The last two objectives have long term implica-
tions and requires social adjustments and
technological advancement. The mprovements
in the welfare of fisherfolks requires the trans-
lation of some of the revenue generated from
the resource base, this need not necessarily
be reflected in their income, The conservation
of the shrimp resources for future uses have
interstate, national and 1ntemauonal implica-
tions. ‘

In the case at hand, given the ecological crisis
in the backwater system and the vulnerability
of aquatic resources, there are just two develop-
ment options : 1. To restore the ecosystem
and optimise the shrimp and other aquatic
resource potential and 2. Abandon all future
investments in aquaculture/fisheries in the
Cochin Backwater System, but translocating
in a phased manner to other coastal systems in
the State that are not beset with enviromental
problems, protecting these and other potential
areas. Implementation of either option entails
a series of changes in the whole system of the
human matrix in the coastal environment and
it cuts across hoizontally through the various
ecoromic sectors and determining forces there.
With reference to the first option, sustaining an
aquatic resource base in an unplarned multiple
use st up with many conflicting uses increases
the costs for all users, if incompatible uses
(e.g. ecologically conditioned fiskeries/aqua-
culture primary use and polluting industries,
are ‘to co-exist in the same system (Stephen,
1985 ; Smith, 1985). This option seems un-
realistic only because of the continuing poot
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performance of planning and regulatory agen-
cies in the State, the high costs of readjusting
existing patterns of land and water uses, not-
withstanding, However, the second option
appears more practical and achievable. Deve-
lopment planners, decision-makers, resource
managersand special interest groups must come
to terms with the reality of the situation in the
Cochin Backwater. The growing urban, indus-
trial and agricultural demands of a burgeoning
population sets the priorities for land and
water uses against aquatic resource harvesting
and aquaculture. Therefore, the attempt must
be to makeup the losses in the Cochin Back-
water elsewhere in the State, rather than to
seek adjustments in the present pattemn of use.
Needless to say, the maintenance of sanitary
conditions in the backwaters from the human
health_point is necessary.

DAVID STEPHEN AND OTHERS -

In the foregoing discussions, we have taken
a more realistic view of the wider canvas
showing the problems and opportunities shrimp
resources present and the needs of a coastal
urban agglomeration and the costs of irre.
versible manripulation of the environment.. The
Cochin situation presents valuable lessons in
coastal-regional planning and focuses attention
on the vulnerability of ecologically conditioned
aquatic resource use in the coastal environ-
ment, It is clear that effective management of
the environment and resources lies not just
in our greater undertandmg of ¢ nature at play’,
but rather of ‘man at work’, As to where,
developments in the Cochin Backwater will
lead depends on the decisions and actions to be
taken. But realistic decisions taken now may
hold the key to making the subsequent saga
of Cochin more favourable to mankind there
and to nature. '
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