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SCIENTIFIC BASIS FOR THE MANAGEMENT OF PENAEID SHRIMP FISHERY*

Introduction

A global review of the penaeid shrimp fisheries of
the world would show that some of the largest fisher-
ies for shrimp is in the waters off Indonesia, Thailand,
India and in the Gulf of Mexico. In fact in the past
few years India has reached the top rank in world
shrimp production of over 7,00,000 tonnes, of course
partly contributed by non-penaeid shrimps also. In
most of the areas of large shrimp fisheries the fishery
consists of a combination of multispecies. This fact in
addition to the unique life history and the resultant
population characteristics renders the shrimp fishery
management somewhat different in concept than the
management of other fisheries. Apart from this the
aportioning of the fishing cflort beiween the artisanal
or small scale fisheries and the mechanised, industrial
fisheries always comes into conflict, creating further
problems in proper management. The substantial
quantities of small fish or trash fish coming in as by-
catch in the trawl fisheries, discarded or utilised to a
cerizin extent also causes concern.

Realising these global problems associated with
shrimp fishery management, a Workshop on the
Scientific Basis for the Management of Penacid
Shrimp was held at Key West, Florida, USA from 18
to 24 November 98}, sponsored by US Department
of Commerce, National Marine Fisheries Service
(NMFS), Gulf States Marine Fisheries Commission,
Mississippi and Food and Agriculture Organisation of
the United Nations (FAQO). Dr. John A. Gulland,
Chief, Marine Resources Service, Fishery Resources
and Environment Division, FAQ and Dr. Brian J.
Rothschild, Professor, University of Maryland, Center
for Environmental and Estuarine studies, Solomons,
Maryland were the Co-convenors of the Workshop,
which was attended by 45 participants from 15 coun-
tries, The aothor takes this opportunity to thank the
authorities concerned for making it possibie for him
to participate in the Workshop and present the views

*Prepared by M. ). George.



concerning the shrimp fisheries of India, representing
the country.

The discussions were based on a set of 35 papers,
most of them reviewing the current situation in the
major shrimp fishing countries, highlighting the pro-
blems and a few others examining particular situ-
ations. The deliberations considered the shrimp fishery
and the identification of problems associated with
management under various heads such as the biology
of the shrimp and rate measurements, the data base,
methods of analysis, multi-species problems, environ-
mental aspects, management and (uture work. A brief
review of the discussions on these topics and the
recommendations for future work is attempted here.

The problems

Initial review of the shrimp [lisheries of the diffe-
rent countries revealed that most shrimp fisheries
throughout the world face similar problems. The
stocks are fully exploited, with little opportunity of
increasing total catches. At the same time fishing
effort continues to increase, giving rise to serious
economic or social problems, although the stocks
themselves may be in no danger of overexploitation.
Often due to lack of delineation of the ultimate mapa-
gement objective the scientists in many couniries were
not well prepared to provide the managers with the
advice they require in proper management of shrimp
fisheries. So the problems faced by the scientists in
advising the managers to tackle their problems were
discussed. Failure to identify the potential for changes
in effective lishing effort and failure to identify econ-
omic signals are two important problems apart from
problems in relations between stock and recruitment.
The following scientific problems were also
identified ;-

1) The variations in stocks may mask trends, which
would require observations made over extended
periods.

2) Nursery areas are often separate from- areas of
adult stocks and may be specially vulnerable to
environmental and human influences.

3) Age cannot be determined directly and therefore,
techniques based on age of shrimp must be used
cautiously.

4) The presence of distinct fisheries on different
sizes of shrimp using various gears causes a
number of scientific problems, particularly in
calculating fishing effort, apart from the major
problem for the fishery manager in terms of con-
flicts between the different sectors.

5) Most fisheries being based on multispecies

exploited by multigears, techniques need to be
developed for estimating population dynamics
parameters and management in such setting.

6) Most of the models employed require the
entry into the fishery to be sharp which is not
the case in most shrimp fisheries, where the
size of recruits varies considerably.

7) Some of the shrimp stocks exist in one or
more coastal states or shared by neighbouring
countries, involving concerted international
cooperation for effective management.

These were discussed in the following sections
and in the final section proposals were made (or
dealing with the problems.

The biology of shrimp and rate measurements

Growth, mortality, migration and stock identi-
fication and other biological topics were conside-
red. Discussions concerning growth centred on
evaluating the potential importance of variability in
growth. While the method for extracting growth
curves from length-frequency data presented by Danie)
Pauly was found to be quite useful, the lack of
knowledge of possible density-dependent growth was
pointed out. :

In the discussion on natural mortality the poor
precision and accuracy among existing estimaies
was stressed. Published estimates being highly vari-
able and showing outrageously high values, careful
re-examination of techniques within the existing
frame works of analysis should be considered. In
migration and stock identification the necessity for
recognition of the importance of stocks and migra-
tions across international boundaries was
mentioned. '

The data base

Catch statistics: Total catch statistics are readily
available for most of the shrimp fisheries, but there
were cases where portions of the caiches were not
recorded at all, eg., from sport, subsisience, artisa-
nal or brackish water fisheries. As complete catch
data are very essential for many of the analytical
approaches, omissions of potentially large compon-
ents of the total catch could lead to biased picturcs
of the condition of stocks. Quantitative estimates of
discards, both fishes as well as small shrimps are
also important in this connection.

Effort data: It was noted that standardization of
fishing effort is not often attempted. Several gears
other than otter trawls being used in many fisher-
ies, the total fishing effort for shrimp would need



to take into account all the gears in operation. For
many applications, apart from consideration of fis-
hing power, effort standardization would require a
measure of catchability variations brought about by
various factors such as physical aspects of gear per-
formance, reaction of shrimp to gear, the large
scale distribution of stock density and fishing effort
etc. Decisions are required about the types of effort
data and auxiliary information to be collected.

Methods of analysis

Production models: The production models require
comparatively lesser data and are, therefore, widely
used. The short life of shrimp meant that annual pairs
of observation of catch and fishing effort are likely to
match the equilibrium condition. One serious limita-
tion in using production models is that of determining
a suitable measure of effort.

These models usually showed a curved left-hand
limb, sometimes a suggestion of a maximum, but very
seldom a declining right-hand limb, for which various
reasons were suggested. Yield-per-recruit analyses sug-
gest a flat-topped curve so that if recruitment is not
affected, a flai-topped curve of total yicld may be
more representative of reality than a parabola. Alter-
natively, declining total catches, and therefore even
faster declines in catch per unit effort could cause the
expansion of effort to stop for economic reasons
before a declining right hand limb can be observed.

Age-or length-structured models: This type of models,
based more or less directly on the yield-per-recruit
calculations are essentially to study the effects of
changes in the pattern of distribution of fishing
mortality with age. Inevitably there were problems in
estimation of certain parameters like natural
mortality. One of the advantages of a length-
structured analysis was that the critical parameter was
usually M /K rather than M and it was suggested that
M/K might be fairly constant within a species group.

Stochastic models: Stochastic modelling would be
vseful in understanding the relationship of parent
stock size and environmental variation in establishing
recruitment strength. Shrimp recruitment shows consi-
derable variations from year to year which are not
connected with any obvious changes in adult stock.
The actual recruitment in any one particular year is
determined very largely by environmental conditions
in that year. So, the existence of environmental effects
may bias the cstimates of the stock-recruitment rela-
tion. If therc are cases of low stock causing low
recruitment, and fishing on these stocks is maintained
at a high level, the risk of “recruitment overfishing™ is

very real. Thus the stock and recruitment relationship
is quite important and stochastic models aim at wor-
king out equilibrium positions under a given stock-
recruitment relation for various levels of fishing effort,

Multispecies problems

Two types of interactions have been considered.
First is the problem of the incidental catch (by-catch)
which is largely discarded (discards). The major part
of the fish by-catch in several countries is discarded,
The by-catch has three components, namely, (1) mar-
ketable fish, (2) juveniles of marketable species and
(3) species for which no markets have been developed.
The manager has 3 options regarding the by-catch,
status quo, reduce the by-catch or increase utilisation
of by-catch, Discussions centred around the ecological
interactions between shrimp and the by-catch compon-
ents. There is strong evidence that no reduction in
shrimp production would occur if discards were remo-
ved from the systemn and utilised rather than deposited
back into the system as dead animal biomass. The
possibitity of predation of shrimp by demersal (ish
affecting the shrimp biomass and the shrimp yield
cannot be discounted. Further field, laboratory and
analytical work needs to be oriented towards answe-
ring this question,

The second problem is caused by dependence of
a fishery on several shrimp stocks, which may or may
not be separated in space. There are two situations in
this multispecies fisheries. In the first, the fishery
depends on more than one stock occurring in different
times because of behavioural differences. In the second
case, a fishery may be dependent on two or more
stocks harvested in the same operation. It is this case
which gives fishery managers cause for concern. It is
difficult to measure effective effort in order to make
reliable stock assessments when fisheries are harvesting
two or more species in the same place at the same time
and this is one of the difficult problems facing the
researcher in countries where such fishery exists.

Environmental aspects

Shrimps are very sensitive to the environment in
which they live at all stages of their lives and this
affects the operation of the fishery in many ways. The-
refore, several aspects of the interaction between
shrimp and the environment are important in the
shrimp fisheries. In the discussions it was made clear
that the important aspects 10 study are those which
either lead to limit unfavourable changes (relations
between destruction of nursery habitat and produc-
tion) or at least predict them. The problem of the
action of rainfall and river outflow on recruitment has



also been discussed bringing out relationship between
nursery favourable arcas and production. The conser-
vation of the static habitat and necessity to strengthen
measures aimed at reducing undue larval moriality by
littoral management was stressed.

Concerning the correlation approach, the main
difficulties lie in three different fields: 1) the use of
the appropriate index for resuming a biological phen-
omenon (spawning, migration, recruitment, abun-
dance), 2) the need to detect and avoid spurious
correlations between phenomena varying with the
same frequency and 3) the need to interpret the short
term changes (noise) which in many cases rmay be
more important than the long term condition (signal)
itself. The problem of occurrence of natural or non-
natural variations in production have to be under-
stood in order to distinguish between error and real
phenomena that have to be taken into consideration
for management. A distinction between periodic and
aperiodic changes is important because the former
refers 1o naturally reversible phenomena while the lat-
ter most often refer 10 unreversible ones, leading to
completely different problems and solutions in terms
of management.

In the matter of predictive models it was felt that
it was necessary that the importanmt changes be detec-
ted and predicted in order to look for appropriate
measures of alternation of the effects. In general these
models usually fail to predict when they are confron-
ted with the test of time and they are only able to
make useful predictions at the extremes of the range
of passible environmental values. It was pointed out
that priority should be given to the development of
“understanding model” beforc the mathematical ones
are developed.

Management

Fisheries management in a broad sense may be
defined as the manipulation of factors to achieve a
goal from a stock of fish. More specifically this goal
may be quantifiable in terms of societal benefits in the
form of food production, value, employment or some
combination thereof while maintaining the stock at
some high level of sustainablc production. The objec-
tive is usually to achieve an optimum balance between
inputs and various outputs. As the fishery is devel-
oped and societal needs and values change, the mana-
gement goals will change. The goals and values to be
obtained from the fishery arc determined by the
society and it is the responsibility of a decision maker
or fishery manager at some level to decide how to
obtain these benefits from the fishery. If there is to be
a scientific basis for the management programme the

manager needs biological, economic and sociological
information to assist him in the decision making pro-
cess. The scientist should take care that he does not
second guess what he belicves to be the desires of the
manager, but provides him a range of options. Simple
bioeconomic models to predict the outcome of fishery
management actions are needed to aid the fishery
manager in the decision process.

The shrimp fisheries throughout the world are
generally fully exploited and there is concern in many
areas over the impact of the high level of exploitation
of the stocks. The fisheries in some countries face
economic problems resulting from the high fuel ¢costs
in shrimp production. Allocation among user groups,
offshore, inshore, and artisanal fishermen is another
problem. It was the consensus of the work group that
because of the highly developed nature of the world’s
shrimp fisheries some form of management resuiting
in regulation is in order for all stocks. Stock mainic-
nance is of increasing concern and the precarious posi-
tion of some stocks may be masked by high economic
yield. Various objectives such as adjustment of fishing
mortality, fishing capacity, size at first harvest and
allocation among user groups have been sought
through a variety of management measures.

Discussions followed on the various management
measures applicable, which could be broadly grouped
under three categories. The first category aims at
increasing the size at first harvest with due considera-
tion given to natural mortality and other factors. The
management measures coming under this include mesh
size regulation, seasonal closures, area closures and
minimum size limits. The second category would con-
trol the catch or reduce fishing mortality, Gear restric-
tions —type, size and number —effort manipulation,
short fishing seasons, catch quotas, limited entry and
limitation of capital are some of the methods conside-
red under this category. The broad mecasures which
may affect capacity of fishing, such as import duties
and quotas which increasc markets for domestically
produced shrimp in an importing country and govern-
ment subsidy for vessel construction, loan guarantees
or fuel costs may also be included. The third method
is habitat modification involving habitat enhancement,
water management and pollution control.

To be effective a management measure must be
enforceable as well as acceptable to most of the fis-
hermen who are regulated. The cost and level of
enforcement neccessary to implement regulations
should be considered at the onset. The fishery mana-
gers and scientists should monitor the condition of the
fishery and be prepared to take prompt action to
revise the management objectives and techniques if the



nced arises.
Future work

In general the concerns being expressed on the
various shrimp fisheries of the world are:

a) Most shrimp stocks are now being heavily

fished ;

Some shrimp stocks appear to have declined
and the reasons for their decline are unclear;

b)

c¢) The heavy fishing pressure in some [isheries
may have resulted in a decrease in the abun-
dance of spawning stocks to a level which is

resulting in reduced recruitment;

d) In some areas there is a decline in the quality

of the juvenile habitar;

The cost of operation of some segments of
shrimp fisheries is increasing at a rate faster
than the income generated;

¢)

} There is conflict among user groups as to area
and size at which shrimps are to be harvested,
This can be at both the national and internati-
onal level

Within this {frame work of concern, the workshop
discussed future rescarch needs and proposed that spe-
cial attention be given to the foliowing areas of
research:

. Stock and recruitment relationship:

a) Definition of index of breeding stock
abundancr;

b) Fecundity. with a view to estimating an index
of age production;

¢) Definition of index of recruitment;

d) Recruitment variabitity due 10 environmental

factors.

2 Nawral monality:

Comparative studies using data already availa-
ble to obtain a greater understanding of the
natural mortality of the dillerent prawn types.

a)

b) Studies of the underlying causes of mortality —

predation, physiological death, diseases.

Further tagging studies with particular atten-
tion being given Lo the degree of tagging
mortality.

Lifc table studies and Delury techniques.

c)

d)

k § ldeﬁtiﬁcation and standardization_ of effective fis-
hing effort:

10

Independent estimates of the stock, e.g. by fish
locating techniques.

Catchability studies —behaviour of the animals
and fishing pattern of the fleet.

b)

<)

Gear research-——to estimate amount of fishing
monrtality generated by a particular gear type.

d) Cohort analysis/Length composition analysis.
4. The habitat:

In summary, research should be undertaken on
the life history of shrimp species in relation to the cri-
tical environmental influences. Also, a valuable contri-
bution to the development of future research
programs would be a global view of types and areas
of inshore habitat in relation to shrimp abundance,
and including information on habitat changes which
have occurred.

$5. Data base:

a) Catch, catch composition and effort data
(inchiding by-catch species, discards and esti-
mates of unreported catch);

b) Number and type of fishing units;

¢} Number and type of personnel operating the
units;

d) Description of the fishing grounds, e.g. artisa-
nal and industrial;

e} Method of handling the production on the fis-

hing units and in the factories;
) The market system;

g} The value of the product at specified points of
sale, and casily obtainable allied economic

data,

h) Significant changes which have taken place in
the fishing units; personnel, grounds,

marketing.

i} Simple description of the environment, quanti-
fied where possible.

6. Data integration:

Greater attention for proper understanding of the
method of collection and accuracy of the original dala
set. The data set will increase in complexity and value
as research workers from the various disciplines start
to work the data and make more specific their requi-
rements for data collection. An appropriate technique
of management information system should be adopted
to assist in the integration of the data set, and this
integration should inciude financial implications.



7. Use of models:

Concern was expressed that too much reliance
should not be placed on the use of production models
in terms of achieving optimum yield on a long term
basis. Because of large variations in estimates of some
of the parameters of shrimp stocks the applicability of
the yield per recruit model is reduced. On the develop-
ment of new models, adequate models were not avai-
lable for a number of outstanding problems, like
bio-economics, recruitment, decision making and allo-
cation models. There is also a requirement for future
work 1o include a model in conceptual farm deseri-
bing how the fishing ficet might respond to manage-
ment options being considered,

8. Analysis of the system:

The workshop drew attention to the importance
of scientific advice being presented in 2 manner which
integrates the array of data available on the stock, the
fishing units and the environment.

9. Ecological interactions:

Research is required on the ecological interactions
of the fauna on the shrimp grounds to provide infor-
mation on the likely consequences in terms of total
yield of introducing gear changes such as shrimp sepa-
rator trawl.

10. Socio economics:

a) Clarify management objectives for any particu-
lar fishery taking into account the existence of
an inshore and an offshore fishery. In conside-
ring this subject consideration will need to be

given to such matters as quantifying trade offs
between net revenue, employment and indivi-
dual income.

b) Determine costs and how these might be lowe-
red by variations in the balance of elements of
capital, manpower, energy, in the cost
structure.

¢} Determine the multiplier effect under various
management options. For example, it is impor-
tant to determine whether F for maximum
employment is far to the right of F for maxi-
mum net revenue or F for optimum individual
income, Such a study would assist in the reso-
lution of conflicts between management
objectives.

Provide information on the mobility in and out
of the fishery of labour (especially in rural
areas where there are cultural barrers), and of
capital (access to loans, indebtedness and so
on).

d)

e} Provide information on fishermen’s carnings.

) Add to an understanding of the benefits of
management options, such as the concept of
property rights,

11. Priority and balance of rescarch programmes

Methodology should be developed for determi-
ning criteria for the allocation of finance for rese-
arch. While the management objectives will differ
from one fishery to the other and from country to
country, thus affecting the research priorities, the
methodology will have general application,

il



