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SYNOPSIS
 

The survival in the wild of the powerful metaphysical symbol of
 

Bangladesh, the Royal Bengal tiger, 
hinges upon the capability and the
 

viii of man.
 

The only resuLining habitat of the tiger 
in Bangladesh's Bengal Basin is
 

the 6,000 km:' coastal zone area, the 
Sundarbans Forest Division.
 

There is a chance for the tiger to 
survive on these harsh, storm-lashed
 

is large enough to harbor a viable population. 
But
 

The area 


the tiger must be protected and its habitat 
needs must be met.


tidelands. 


In the Sundarbans, tigers, deer, forest, 
and men are linked inseparably
 

Any attempt to separate the tiger from
 
and so must be their r-anagement. 


its prey, the decr from the forest, 
or people from their needs will
 

The tiger must be managed with all 
wildlife as an integral
 

surely fail. 

that assures the sustainable production 

of
 
part of forest management 

forest products and maintains this coastal 

zone at the level of best
 

achievable ecosystem function to provide 
for the needs of the people of
 

Bangladesh.
 

the wildlife resource of the
 
Developing the capability to manage 

Protection is the first requirement. 
Habitat
 

Sundarban8 is a process. 
 The means
 
needs must be assessed on the basis 

of sound ecological data. 


of translating these into the forest 
management framework must evolve.
 

This plan outlines technical guidelines 
which assure the future survival
 

But
Sundarbans. 


successful husbandry of the

needs of the Royal Bengal Tiger and all wildlife 

in the 


the capacity to realize this Plan and 
th 


wildlife in Bangladesh depends upon 
the professionals entrusted with the
 

It depends upon the support they
 
task, their skill and dedication. 


receive from the citizens of Bangladesh 
and people everywhere.
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SCHEDULING OPERATIONS
 

The summary following, for Management and the Policy Committee, sets out
 
the orchestration of the broad elements of the Programme in accordance
 
with the Plan.
 

Preliminary Action 

- Appointment of the Pol!cy Committee 

- Government approval of the Plan 

- Financial projects prepared and submitted 

- Approval of the projects 

Year One 

- Government approval to commence execution of the Programme 

- Manager and Section Heads appointed 

- Sundarbans East Sanctuary declared 

- Sundarbans wildlife protected by Gazette notification
 

- Staff selection and appointments completed
 

- Design of Khulna facilities instigated
 

- Purchase of necessary land completed
 

- Orders placed for launches
 

- All other equipment ordered and placed in service
 

- Protection Stations designed and constructed
 

- Organized patrolling commences
 

- First group of staff goes for in-service training in wildlife
 
management 

- Manager goes abroad for three month training course 

- Basic studies programme implemented 

- Initial report prepared on vital areas 
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Public Relations Officer and staff 
work with Conservation Education
 

-

Specialist; plan and basic materials 
prepared
 

Year Two
 

- Operations continue
 

- Construction of Khulna facilities
 

-
 Wildlife Superintendent, Research Officer, 
and Publications Officer
 

go abroad for three month training 
course
 

- In-service training course continues
 

Law Enforcement Specialist works with 
the Law Enforcement staff for
 

-


two months
 

- All launches in service
 

-
 Revised vital area report prepared
 

Tourism potential plan prepared; preliminary 
tourism operations
 

-


started
 

Year Three
 

- Operations continue
 

- In-service training continues
 

- Conservation Education Specialist assists 
Public Relations Officer
 

in assessment and infusion of 
new materials and more sophisticated
 

techniques
 

- Tourism operation expanded
 

- Tiger ecology study starts
 

Year Four
 

- Operations continue
 

- Mid-term appraisal
 

- In-service training continues
 

- Tourism operations expand
 

- Public relations work expands
 

- Law Enforcement Specialist assists for two months
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Year Five
 

- Operations continue
 

- In-service training continues
 

- Tourism operations expand
 

- Conservation Educatiov Specialist assists Public Relations Officer
 

in assessment and infusion of new materials
 

- Crocodile ecology project starts
 

Year Six
 

- Operations continue
 

- Tourism operations continue
 

- Preparation of the second plan started
 

- Public relations work continues
 

Year Seven
 

- Opevations conLinue
 

- Second five-year plan completed
 

- Final Report for the programe prepared
 

Detailed Operation Plans
 

- 'Sundarbans Wildlife Management Programme: Requirements for Future
 

Staff Training and Development' by Section Heads; year 1
 

- 'Sundarbans Law Enforcement Plan for Wildlife' by Wildlife 

Superintendent; year I and revised in years 2 and 4 with assistance 

of the Law Enforcement Specialist 

- 'Visitor Protocol' by Section Heads; year 1, revised as necessary
 

- 'Vital Habitat Areas Assessment' by Research Officer; year 1,
 

revised each year
 

- Proposals for Basic Studies by Research Officer, before 

implementation 

- Proposals for Detailed Studies by Visiting Scientists and Research 

Officer; before implementation in years 3 and 5 
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- 'Conservation Education Plan' by 
Public RelatiOns Officer and 

Conservation Education Specialist; 
year 1, revised years 3 and 5 

'Tourism Potential and Use Limitations 
in the Sundarbans Forest
 

-

Division' by Section Heads; 
year 2
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INTRODUCTION
 

Bangladesh is a land born of great rivers. The Ganges, the Brihmaputra,
 
the Heghna join here and flow into the Bay of Bengal, forming the
 

largest delta in the world. The monsoon rains, the rise and fall of
 

river levels, floods, alluvion and diluvion, alluvium, the chAnges in
 

river courses form the substance of the cultural and physical
 

personality of this land.
 

On the delta and along the great rivers once lived a diverse assemblage
 

of large mammals few areas in the world could equal (Eisenberg and
 

Seidensticker, 1976). The forest and lush grasslands are mostly gone
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now, and so are the animals that depended upon them. Today
 

conditions are such that we can only hope to maintain a few small tracts
 

with the vestige of a wildlife heritage that once was.
 

More than eighty million people live in Bangladesh today. Less than 15%
 

of the nation remains under forest cover (Rashid, 1977). But in
 

Bangladesh, at the edge of the land that is not quite sea, there remains
 

one of the world's great wild places - the labyrinth of channels and
 

beautiful forests of the Sundarbans. Here on these storm-lashed
 

tidelands the feared, respected, awesome, largest of all cats, the tiger
 

(Panthera tigris tigris) has been pushed to the final edge of existence.
 

"The challenge of the tiger is at the heart of conservation", Dr. Fritz
 

Vollmar, long-time Director General of the World Wildlife Fund, once
 

said (F. Vollmar, personal communication, 1977). This splendid predator
 

is a symbol no less today than it seems to have always been for man.
 

The tiger is in trouble (Goodwin and Holloway, 1972). Man is
 

responsible for its plight. Only man can assure its survival needs are
 

met.
 

How often has man, in pursuit of short-term advantage, dissipated the
 

natural capital on which cur long-term prosperity, our survival, is
 

based? The purpose of conservation is to maintain this Earth in a
 

healthy operating condition; it is a process of evolving a harmony of
 

human and natural syztems, a man-land rapport.
 

Coastal zones are among the World's most ill-treated ecosystems; usually
 

they are a no man's land where every man takes what he can (Dasmann,
 

1973). Properly maintained, many coastal zone areas are the most
 

productive on earth but they are particularly vulnerable to man-induced
 

stresses (Clark, 1974). The Sundarbans Forest Division has been managed
 

with care; the long-term sustained outturn if forest products speeks
 

well for the professionals responsible. And the tiger has survived.
 

iLatin names of fauna and flora are given in Tables 7-10.
 

14
 



the management of
 
one suture in the hundred year history of 
If there is 
 it has been a
 

the Sundarbans that has restlted 
in management success 


continuing effort to improve ,he management 
system in the face of ever
 

Had that not been true there would 
be no forest.
 

increasing demands. 


The continued survival of the tiger 
pivots on the well-being of its 

prey
 

and the forest. Accordingly, the tiger will survive 
only in the sphere
 

a part of forest management that 
assures
 

of wildlife management which is 


the sustained production of 
Nature's goods and services 

to provide for
 
a
A simple linkage in theory; 


the needs of the people of Bangladesh. 

not a one-way street.
 

complex task in practice. And it is 


to refine the management matrix
 
This Plan is part of a continuing 

effort 

It is based on
 

to include all components of the Sundarbans ecosystem. 


the principle that the best achievable 
function will provide the
 

greatest benefit in terms of natural 
goods and services to society in
 

an area
zone is 

the long-run. It is abundantly clear that the coastal 


zone will require
 
of environmental concern and the management of this 


Indeed, the tiger is symbolic in
 
all our ability and, perhaps, more. 


The tiger will survive only if ecosystem
 this effort but it is central. 

And only a management expertise that 

can
 
function is maintained. 
 The power
problem in hand. 

preserve sensitive wildlife species 

has the 


to do so must develop over time.
 

First, we examine the
 
We have prepared this report in two 

parts. 

and where it is going.


what it is, why it is, To
 
Sundarbans ecosystem 

do this we inventory the physical, biological, and management 
systems;
 

describe, in general terms, the natural and social processes; and
 
The Plan is
for its perpetuation.
factors necessary
identify the 
 Management


founded on propositions derived from 
this analysis. 


A strategy and the prescriptions of 
a
 

objectives are articulated. 

A schedule of operations is
 

process for achieving these are outlined. 


included.
 

Do we have the will and the capacity
 
There is only one question really: 


to meet the challenge?
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THE SUNDARBANS ECOSYSTEM
 

Protection of species and natural communities is a logical first step in 
the development of a region. This is the premier ecological principle
 
for economic development. Put another way: "The first rule of
 
intelligent tampering is to save nil the pieces." Aldo Leopold 
reportedly wrote that. It was 50 years ago that he published the 
textbook on wildlife managemsnt (Leopold, 1933), but his fundamental 
teaching, you can't keep the pieces unless you look after the whole, has 
never been more to the point. Let us start with the whole and with "...
 
the basic proposition that nature is process, that it is interacting,
 
that It responds to laws, representing values and opportunities for
 
human use with certain limitation and even prohbifions to certain of 
these" (clUarg, 1969, p. 7). It is only within this framework of 
thought and management that the Royal Bengal Tiger, wildlife, or even 
the Sundarbans will survive. 

The Setting
 

The Bangladeah Sundarbans is the juncture and focal point of two vast
 
ecosystems. Melting snows in the Himalayas and the Tibetan Plateau and
 
the runoff of monsoon rains collect in rivulets and streams and rivers
 
that flow down to the plain and sea bringing the nutrients, the coil,
 
the life source to the Bengal Basin, the Bay of Bengal, and the Indian
 
Ocean. Three great rivers, the Ganges, Brahmaputra, Meghna, fed by so
 
many others which are small only in comparison, converge in the Bengal
 
Basin and over a span of time not really comprehensible by man have
 
formed an 80,000 km2 delta (Leong, 1971). Fringing the delta is a
 
'sea forest', perhaps the largest tract of mangroves in the world (BWDB,
 
1977), incised by great estuaries and labyrinthine channels. This 6,000


2
km area constitutes the Sundarbans Forest Division (Fig. 1).
 

Physiographic Expression
 

Several physiographical and geological considerations are pertinpu. to
 
understanding the Sundarbans ecosystem and its place in the development
 
of the Bengal Banin. It is such an active tectonic region that one has
 
to begin by coniidering the superficial expression of these crustal
 
movements.
 

In the Eocene Period, some 50 million years ago, the Subcontinent
 
collided with and subducted under the main Asian mass (Rashid, 1977).
 
This process continued and the Himalayas are one manifestation. A
 
number of million years later, in the Oligocene, a sizable chunk of the
 
Subcontinent fractured and sank, filling, in time, with sediments washed
 
down from the adjacent mountains and plateaus. The volume involved is
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incredible. The sediments of just the last few million years are as
 
much as 1000 m thick. Bounded by the Himalayas to the north, the

Rajaahal Hills on the west, and the Meghalay Plateau and the Chittagong
 
Hills on the east, we know this region today as the Bengal Bain.
 

The surface of the Basin is carved and moulded by the rivers expressing
 
the underlying geological structure. On the delta, the active and
 
recent channels are wide, incised cuts; a multitude of older channels
 
have eroded into broad, flattened depressions, many containing bilz and
 
swamps. 	 Those older channels that connect directly with the Bay are
 
ccoured by the 
tides. In their lower reaches they are relatively

straight 	and wide and those with little 
or no connection with the main
 
channels have become tidal rivers (Choudhury, 1968).
 

The main 	Ganges and/or Brahmaputra distributaries have shifted
 
frequently in the last few hundred years. 
In the seventeenth century
 
most Ganges water entered the Bay through the Hoohgly-Bhagirathi
 
channels near Calcutta. But later it shifted progressively east. Man's
 
activities in the upper watersheds vastly increased silt loads and this
 
coupled with a fluctuating climatic regime resulted in channels closing
 
and new ones opening. but this changa also ib an expression of changes

in the Basin's support structure. The Basin has tilted and regions have
 
subsided through tectonic activity cL the weight of overlying deposits
 
or both. The general tilt is away from the old Ganges channels in the
 
southwest to the major subsiding trough along the preaent drainage

axis. And within the Basin there are other areas that have been or are
 
subsiding (DWDB, 1977).
 

Looking at tha LANDSAT image of the delta (Fig. 2), 
the physiographic

distinctness of the 
large region south of the main river channel, the
 
darker area, is clear. This is the Sundarbans. Core sampling has shown
 
that thin region may have subsided as much as 10 m in the recent past.

Exactly when this happened is not certain but the large ruins, such as
 
the 600 year old temple at Shekertek, in the swampy area muy be an
 
indication. Today this region is lower than the adjacent areas and very

much influenced by the tides. 
 The tides and the limited flow of fresh
 
water through the area combine to keep this portion of the d6lta in a
 
rather Imature state.
 

Figure 2 	(next page). LANDSAT image of the Gangeg Delta. The Ganges or
 
Padma joins the Mtghna at Lup right. Dhaka is just out of the
 
image above the main Ganges near the Meghna. The Sundarbans is
 
the darker expanse on both sides of the international boundary
 
on the Bay (Jan., 1977).
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Land and Water
 

Only the Baleswar River (Fig. 3) has a sustained freshwater flow via
 

direct connections with the Ganges, or at least it had before Farakka.
 
The other big rivers, the Passar, Sipsah, Arpangasis, Malanchar and to a
 

lesser extent the Jamuna and Raimangal, are only indirectly connected if
 

at all; the only fresh water they receive is local runoff and the
 

overflow from the Ganges during the monsoon. Connections with the
 

Brahmaputra are minimal and with the Meghna, not at all (Choudhury,
 

1968). But the Ganges connection means the Bangladesh Sundarbans is
 

literally on the receiving end of the sum total of happenings in that
 
2
910,000 km watershed. An indication of the pulse of this system can
 

be seen by looking at the average monthly discharge, before Farakka, of
 

Ganges water and the offtake of the Gorai, the upper Baleswar (Table
 

1). The Gorai offtake that supplies the freshwater to the Sundarbans
 

tracks the Ganges discharge both in volume, to a threshold, and on a
 

percentage basis; but the less water, the smaller the percentage that
 
3 


flows down this distributary; 11,000 million m appears to be about
 

the maximal limit the Gorai can handle. Flows in this range coupled
 

with local rains during the monsoon aggravate flooding conditions which
 
lead to a general "freshwater flush" of the Sundarbans system.
 

The alluvial soil of the delta is acid sulphate. The surface is usually
 

a silty clay overlying layers of clay and sand. The rivers with direct
 

connecti3ns with the Ganges, in the east, carry more silt, and during
 

the monsoon, silt is spread over nearly all the land area. Clark (1974,
 

p. 3) has noted: "The highest concentrations of sediments carried by
 

estuarine waters are found in the inner, low-salinity, portion. Here
 

salt water meets fresh, coalescing river-borne silts into larger,
 

heavier particles which settle out as the estuary broadens and flow
 
slackens." In the western areas where the rivers do not have this
 

regular fresh water connection, silting is much reduced.
 

The land is moulded and shaped by the action of the tides. Innumerable
 

small khals (creeks) drain off the land area with each ebb. The banks
 
of the rivers and khals generally become higher as silt is deposited
 

with the flood tide when the water loses its speed and starts slowly to
 

spread. Then more khals form to drain the higher areas and the process
 

is repeated on a gradually diminishing scale until the small creek
 

draining the bil areas in the middle of the islands are formed. More
 

easily eroded than the clays and silts, sands are deposited in and
 
dragged down the channels. Silts, deposited on the top of the islands
 

during each flood, consist of the fine particles which produce the heavy
 

clay soil so typical of the delta (Choudhury, 1968).
 

The small drainage channels, the khals, characteristically form at right
 

angles with the main channels. Some join (bharani khals) providing
 

links between tidal rivers that pierce the delta. The tidal rivers tend
 

to be long and straight as a result of the strong tidal scour and the
 

erosion-resistant clay and silt deposits that form their channels.
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Table 1 

water before the constructionMonthly discharge of Ganges 
of the Farakka Barage in India 

(in millions of 


Discharge of Ganges
 
at Harding Bridge 


January 
February 

March 

April 

May 

June 

July 

August 

September 

Octcber 

November 

December 


Total 


Total Discharge Brahmaputra 


Total Discharge Meghna 


8,338 

6,562 

6,192 

5,329 

5,279 

11,175 

47,872 

100,579 

89,675 

46,194 

18,441 

11,237 


356,873 


618,311
 

113,777
 

m
3 )
 

%
Offtake by Gorai 


11913 

9
 

530 

617 


9 
7
 

530 

370 


10 
13
 

7,178 

1,406 


15
 
1010,509 

12
10,904 

15
6,821 

13
2,442 

12 

43,515
 

Bangladesh Water Development Board (1977).
Source: 
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rivers ter- to be long and straight as a result of the strong tidal
 
scour and the erosion-resistant clay and silt deposits that form their
 
channels. It is this morphogenetic process that gives the Sundarbans
 
its characteristic pattern of water and land (Fig. 3).
 

The easily eroded sands eventually collect at the mouths of the rivers.
 
The banks and chars that develop on the sea face usually consist only of
 
s;,nd particles; any finer silts are washed out with the waves and
 
eridually settle onto the shelf further out in the Bay. The sand banks
 

are blown into dunes above the high tides during the strong southwest
 
monsoon. In the lee of the dunes, protected from the waves, fine silt
 
collects, and thus, mud flats form. Sand from the dunes is blown over
 
the flats and in this way a flat stretch of sandy loam is formed above
 
the high tide level. fhis develops into a grassy midden which spreads
 
until arrested by a khal or early forest growth (usually Gewa,
 
Excoecaria sp.). The midden continues to build as long as the area on
 

the windward side of the island is unprotected from the waves (Fig. 4).
 
With the formation of the next island further out, the shore of the
 
island begins to ccllect silt and the sand is blown or scoured away.
 
Traces of dunes and remnants of sandy middens can occasionally be found
 
some distance inside the forest. Such middens form on the southeastern
 
coasts, unprotected from the south west monsoon. Wind and waves erode
 
the exposed eastern coasts.
 

Tides
 

Tides in the Sundarbans are of the semi-diurnal type with a small
 
diurnal irregularity (Choudhury, 1968; BWDB, 1977). Characteristics are
 
summarized in Table 2. The influence of the tide depends upon the
 
stream flow and that depends on the time of year and the connection the
 
river has with the fresh water supply. In the eastern Sundarbans it
 
would be less; in the West, much more marked. The speed of the tidal
 
wave will vary from 50 km/hr at the sea face to 25 km/hr it!the upper
 
reaches. Tidal currents usually vary from 35 km/hr at the sea face to 7
 
km/hr in the upper reaches of the forest, even 10 km/hr during an ebb in
 
the rainy season. This increase in speed is caused by the gradual
 
constriction of the rivers in the upper reaches (BWDB, 1977). Moreover,
 
the Lidal current in the large rivers continues to run on its own
 
momentum for an hour or so after the tidal wave has passed. Thus, at
 
the end of the ebb, the suction of the current deepens the trough of the
 
tidal wave and by retarding the progress of the oncoming wave, causes it
 
to back up and heighten its crest. Consequently, the largest rise and
 
fall of the tides are found where the tidal currents are swiftest and
 
this is usually in the northern part of the forest.
 

A primary driving force that moves saline ocean water up an estuary is
 
the difference of its density with that of fresh water, i.e., 1028
 
kg/m 3 vs 1000 kg/m 3 with a difference of 28 kg between the two water
 
mases 'BWDB, 1977). This alone will cause a salt water wedge to move
 
upstream. A minimum flow of fresh water is required if the wedge is to
 
be retarded. Fresh and intruding sea water will mix finally and tides
 
facilitate this. The emerging pattern of all this is that estuarine
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Table 2 

Characteristics of tides in the Sundarbans
 

Mean Range Mean Spring Mean Tide
 

(m) Range Level 

Eastern Delta 

3.4 2.02.7Kutubdia Island 

2.4 2.0
1.7
Mouth of Passur River 


Mjouth of Uooghley River, 3.04.33.0West Delta 

The time of the high tide at Kutubdia Island and the Pussur River (Hiran 

Point) lags behind that at the mouth of the Hoohgley 
by 1 hr. 45 min., 

i.e., the tidal wave goes from west to east.
 

Bangladesh Water Development Board (1977).
Source: 


Sand banks and meadows in the Sundarbans:
Figure 4 (pp. 27 and 28). 

a) The Sundarbans East Sanctuary (Seidensticker: March, 

1980).
 
bases for fishing in

aand banks are used seasonally asb) Some 
the Bay of Bengal and at the mouths of the big tidal rivers
 

(Seidensticker: March, 1980).
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estuarine circulation is controlled by the tidal flow and fresh water
 

,.ischarge. How these interact will determine the salinity zones,
 

sedimentation patterns aud the distribution of minerals, nutrients and
 

A natural rhythm and patterns of flow and interaction
organic matter. 


are established in time. Any sudden change results in a shock to the
 

organisms adapted to the system.
 

Aquifers
 

The available information (BWDB, 1977) indicates the entire Southern
 

Region (Fig. 5) is underlain by a single aquifer composed of letticular
 

granular materials. Intercalated clay beds resist flow horizontally or
 

vertically in some localities. The relatively impermeable surface
 

deposits of silty clay confine the aquifer where they occur. Maximal
 

depths to water are in the southern reaches of the delta. Locally,
 

permeable lenses of sands are separated from the principal aquifer by
 
Fishermen
impermeable deposits resulting in perched shallow aquifers. 


dig shallow pits on the sea face to obtain 'sweet' water. And there
 

appear to be a limited number of places within the swamp where water can
 

be reached with shallow wells (Hendrichs, 1975). Fresh water
 

availability in the Sundarbans, however, is very much a limiting factor.
 

Climazic System
 

Of primary concern here in relation to vegetation structure and
 

productivity is the variation, amount, and seasonality of rainfall and
 

the frequency and intensity of storms. 
The global energy exchange
 

system is expressed as monsoon winds which, from June to October, bring
 

moisture-laden low temperature centers from the Bay of Bengal. and the
 

Indian Ocean. On average, 80% of the rain falls during this period
 

which, from 1934 to 1969, averaged about 70 cm at Khulna. But averages,
 

other than giving you a ballpark idea of the situation, don't really
 

mean much. Consider the variation during the same period at Khulna
 

(Rashid, 1977; BWDB, 1977) shown in Table 3 and the situation is further
 

complicated by other factors. Mean July temperatures are lower in the
 
they are slightly
Sundarbans than farther inland while in Januar 


higher. Rainfall rates vary considerably in the Southern Region. On
 

the sea face the mean average is about 279 cm annually; at Khulna the
 

mean is slightly less than 180 cm.
 

During the rainy season, humidity is high and the sky overcast for long
 

periods; maximum temperatures may exceed 320C. By November, the rains
 

have subsided and it is relatively cool; low temperatures can be
 

2-40C; skies are usually clear. By March the temperature can reach
 

430C. As much as 15% of the yearly rain can fall in March, April, and
 

May, before the monsoon, as part of frequent, short, violent thunder
 

storms. The centers of these storms, known as 
'nor-westers', originate
 

in the adjacent hills and sometimes are accompanied by hail. This
 

stormy period merges with the monsoon season proper so there is 
no
 

sudden onslaught or 'breaking' of the monsoon as in other parts of the
 

Subcontinent. In January and Febcuary, small amounts of rainfall can
 

result from the western depression.
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BAY OF BENGAL
 

and the land developmentFigure 5: 	 Sundarbans Forest quality classes 
units in the Southern Region of Bangladesh (after BWDB, 1977).
 

31 



Table 3
 

Average rainfall at Khulna betveen 1934 and 1969 (in cm).
 

Jan Feb Har Apr Hai June July Aug Sept Oct Nov Dec
 

Hin - 0 0 0 0 0.8 15.7 19.3 18.8 10.1 3.6 0 0
 

Hax - 13.5 9.8 16.0 29.2 53.1 63.2 62.0 54.9 69.3 54.9 17.5 4.8
 

Source: Bangladesh Water Development Board (1977).
 

Table 4
 

The 1931 to 1960 mean precipitation budget for Khulna (in cm).
 

Jan Feb Har Apr Hay June July Aug Sept Oct Nov Dec
 

Excess 3.6 17.0 24.1 15.7 8.4 1.5 

Deficit 8.4 8.4 10.1 5.6 8.4 10.2 

Source: Bangladesh Water Development Board (1977).
 

32
 



For the Sundarbans there is a six month dry season 
during which
 

The 1931 to 1960 mean
 
precipitation falls short of evapotranspiration. 
 The
 
precipitation budget data for Khulna are summarized 

in Table 4. 


three severe months are February, March, and 
April because of the
 

depletion of soil moisture and increased concentrations 
of salts ceupled
 

with reduced freshwater flow from upstream.
 

Storms
 

It is during
on the forest is profound.
The impact of severe storms 

these periods of high-energy influx that much geological work is done 

and the storms guide the long-term development 
of mangroves and 

tropical sturms for Bangladesh
forests. The distribution of severe 


follows but there has been an increase in 
the frequency of storms (Table
 

5, Fig. 6).
 

Severe storms (cyclones) affect the waves, 
swell, storm tides, and
 

current system in the Bay, and tne volume and rate of fresh water
 

discharge from the land; all trb energy regimes may be affected for days
 

A cyclone can cause defoliation of
 or even weeks (Riggs, 1976). 


mangroves even at relatively low levels of 
intensity and complete
 

The general result is the
 structural destruction at high levels. 


conversion of living structure into organic 
debris (Lugo and Snedaker,
 

these communities are adapted to recover.
 
1974). Mangroves recover; 


the composition and structure of communities 
on those
 

But we do see 

coasts with frequent storms differ considerably 

from protected coasts
 

The impact of cyclones on
Fool et al., 1977).
(Lugo and Snedaker, 1974; 
 In the ten
 
exposed inhabited delta lands on the sea face can 

be tragic. 

resulted in the reported
 

year pcriod, 1960 to 1969, eleven major storms 


loss of 54,000 human lives in Bangladesh. 
On November 12-13, 1970, a
 

the loss of more
 
cyclonic storm coupled with a high tide resulted 

in 

Some ad hoc measures taken
 

than 200,000 human lives (Anonymous, 1970). 


to deal with cyclone hazards have increased 
flood-loss potential (Islam,
 

1974).
 

The combination of forces that causes cyclones 
has not been fully
 

be literally sucked up the estuaries,
Some storms appear to
determined. 

where the stable cool air over the water hemmed 

by the warm air rising
 

the storm path which acts
 
from the land form a trough along the axis of 


this is not always true. Winds can reach 250 km/hr.
 
as a funnel. But 


m in height (Rashid, 1977). Without the
 
The storm wave may be up to 75 


attenuating influence of the forest the loss 
of human life and property
 

is catastrophic.
 

The light changes and the
 
There is an awesome calm before 2,storm. 


forest backed by the wottled, steel-grey wall 
of clouds take
 

water and 


un a vivid texture and contrast which intensifies 
as the storm closes.
 

After it is over, nothing is ever
 Then, there is only unleased fury. 


quite the same.
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Table 5 

Frequency 	 of severe tropical storms in Bangladesh. 

Jan-Mar Apr May June July Aug Sept Oct Nov Dec Total
 

0 0 0 2 6 1 2 16
891-1960 	 0 2 3 


0 0 6 0 0 2 1 5 3 2 19
11961-1977 


)ata courtesy of Bangladesh Meteorological Department, Storm Warning Center,
 

)haka.
 

90"E
 

Figure 6. 	Cyclonic storm tracts in the Bay of Bengal, 1960-1970 (after
 
Rashid, 1977).
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Such are the physical processes of the Sundarbans. The result is a
 
very dynamic ecotystes.
 

Mangroves and Estuaries
 

Mangrove comunities form on the protected shores of the tropics and
 
subtropics where they dominate roughly 25% of the coastline and reach
 
their greatest richness in the Indo-Pacific region (Chapman, 1975). The
 
word mangrove (a combination of the Portguese mangue and the English
 
grove) can refer to an ecological group of halophytic plants belonging
 
to twelve genera in eight families, or to a complex of plant communities
 

1
fringin sheltered tropical s ores, or more specifically by some
 
authors, to the vegetation formation below the high tide mark (Lugo and
 
Snedaker, 1974). An early classification of Subcontinent forest types
 
by Champion (1936) placed the Sundarbans forests in the moist tropical
 
seral forest type (primary sere) which can further be divided into beach
 
forest and tidal forest of which there are four subtypes: low mangrove
 
forests, tree mangrove forests, salt-water Heritiera (Sundri) forests,
 
and fresh water Heritiera forests. Foresters have devised a
 
classification based on site quality class, referring to the
 
productivity of the forest on these sites. On this basis, the areas of
 
forest in the Sundarbans Forest Division are listed in Table 6 and shown
 
in Fig. 5.
 

Honoring tradition we should consider the vegetation composition viewed
 
as a species list and as zones. There are reported to be 334 plant
 
species of 245 genera in the Sundarbans. The principal woody and
 
herbaceous plants found there are listed in Table 7 together with their
 
Bengali names. Other investigators have seen mangrove communities in
 
terms of zones reflecting frequency of inundation, or salinity of the
 
soils, or even the generic name of the dominant tree (Lugo and Snedaker,
 
1974; lacnae, 1967, 1968). But with its relatively flat profile, the
 
Sundarbans vegetation is best seen as a mosaic and the zone concept is
 
only applicable on a very broad scale (Fig. 7).
 

There is, then, considerable diversity in the way the forest can be
 
classified or what the terms employed can mean. Each in their own way,
 
they are descriptive classifications dependent upon what kinds of
 
distinctions the user was trying to make. The forester's 'quality class
 
site' classification reflects productive potential of the forest land
 
areas as a sum of all environmental factors that promote forest growth.
 
The Champion classification closely resembles a physiognomic
 
classification hased on structure wirhin a lager classification of
 
plant succession and envronmental fa'tors (Mueller-Dombois and
 
Ellenberg, 1974). The point is not to be confounded by classification
 
systems; neither is there a need to go into these in more detail here.
 
The Sundarbans has been cover mapped on the basis of aerial photographs
 
and these maps are available in the Forest Department. The Bangladesh
 
ERTS/LANDSAT Programme is now starting to rentap the region and is
 
including in their analysis a consideration of the environmental factors
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Table 6
 

Sundarbans Forest Division site quality class areas.
 

Site Quality Class Total Area (ha) Percentage
 

I 
 102,607 25
 

II 93,822 22
 

I1 182,838 45
 

Immature forest 1,251 t
 

Non-commercial forest 21,194 5
 

Char land 5,020 1
 

Clear land 198 t
 

Source: 	Bangladesh Water Development Board (1977) and Choudhury (1968).
 

Figure 7 	(next pages). Vegetated tidelands of the Sundarbans:
 
a) An extensive forest tract showing the complex vegetational
 
mosaic (Seidensticker: Harch, 1980).
 

b) There is not the strong zonatlon in the Sundarbans mangrove
 
communities that is apparent in many of the world's mangrove
 
forests. The boats support a forestry operation
 
(Seidensticker: Harch, 1980).
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that lead to the different vegetation structures observed (H. Hossain
 

and H. Choudhury, personal communications, 1978 and 1980).
 

And this is the point. The descriptive systems reflect the variation in
 

the environmental factors that govern the physiognomic expression of
 

mangrove forests and vegetation in general. These factors as they
 

relate to mangroves are under investigation in many parts of the world
 

but the available findings suggest there are large variations between
 

species in survival strategies that are related to tidal amplitude and
 

flux, water quality, storm frequency and intensity, geomorphological
 

processes, soil salinity, temperature and others (Pool, et al., 1977).
 

In the terminology of the ecologists who work with forest systems
 

analysis, these are called the forcing functions. These functions vary
 

and vary in relation to each other throughout the coastal zone. The
 

pattern is manifested in the vegetational mosaic we observe.
 

If these kinds of factors determine the structure of the mangrove
 

community, they will also regulate productivity. Carter and his
 

associates (in Lugo and Snedaker, 1974) have identified the important
 

regulators, organizing them under two major categories:
 

Tidal factors 

- Transport of oxygen to the root system. 

- Physical exchange of soil water solution with the overlying water 

mass, removing toxic sulfides and reducing the total salt content of 

the soil water. 

- Tidal flushing interacts with the surface water particulate load to 

determine the rate of sediment deposition or erosion within a given 

stand. 

- Vertical motion of the ground water table may transport nutrients 

regenerated by the detrital food chains into the root zone of the 

mangroves.
 

Water chemistry factors 

- Total salt content governs the osmotic pressure gradient between the 

soil solution and the plant vascular system, thus affecting the 

transpiration rates caused by high salt concentrations in the sea 

water. 

- A high macro-nutrient content of the soil solution enabling the 

maintenance of high productivity in mangrove ecosystems despite the 

low transpiration rates caused by high salt concentrations in sea 
water. 

- Allochthonous macro-nutrients contained in the wet season surface
 

runoff may dominate the macro-nutrient budgets of mangrove
 

ecosystems.
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These investigators found that the gradient of chloride concentrations
 

across the soil interface could be considered an index that integrates
 

the effects of both tidal and soil water chemistry factors. After
 

extensive research on Neotropical mangrove communities, Pool et al.
 

the optimum salinity regimes both structural
(1977) found that at 

development and litter production may largely be a function of the
 

quantity of incoming freshwater and nutrients and the time-dependent
 

variation in that input. 
 As would be expected then, the mangrove
 

community is inseparably linked to the sea and to the freshwater runoff
 

from the land and the patterning of these inputs determines the
 

characteristics of the structure and function of the mangrove community.
 

What fishermen in the tropics and subtropical seas have known for as
 

long as there have been fishermen but has only recently come 
to the
 

scientific community, and to the resource planning
 

community hardly at all, is the reciprocal relationship, the importance
 

that the mangroves also have on the productivity of estuaries and
 

coastal waters. Scientists have known for 


attention of the 


some time that estuaries
 

characteristically tend to be more productive than either the Pea on one
 

side or the fresh water drainage on the other. Part of the answer is
 

that the system is maintained in an early, relatively fertile stage by
 

the tides which provide the energy for rapid nutrient cycling and hold
 

the system in an intermediate point in the development sequence, 
a
 

compromise between youth and maturity in what is termed 'pulse
 

stability' (Odum, 1971). 
 But the recent findings regarding the role
 

mangroves play in maintaining productivity of estuarine and coastal
 

waters have been revolutionary in terms of how man must care for these
 

vegetated tidelands if he is to sustain the fisheries which provide so
 

much of the world's protein.
 

The connection between terrestrial primary production of mangroves and
 

aquatic secondary production has four components (Odum and Heald, 1975):
 

- the production of large quantities of organic matter by mangroves; 

- the exporL of this organic matter, particularly the fallen leaf 

material from under the mangroves into surrounding deeper water; 

- the transformation, as it decays, of the leaf material into detritus 

particles covered with bacteria, microalgae, protozoans and 

permeated with fungi; 

- the utilizaticn of mangrove detritus particles as food by a large 

group of estuary and offshore consumer organisms.
 

involved but the principle flow of
 

energy follows the pathway: mangrove debris and detritus - bacteria and
 

fungi - primary consumers (detritus consumers) - secondary consumers
 

(lower, middle, and top carnivores) (Tabb et al., 1976).
 

Many individual food chains are 


40
 



The magnitude of the impact of a.angrove production on aquatic
 

productivity will vary but a combination of shallow land slope and great
 
vertical fluctuations in water level such as we have in the Sundarbans
 
results in the generation of enormous quantities of particulate organic
 
matter hich is transported to the estuary (Odum and Heald, 1975). This
 
can result in as much as 80% of the total energy budget of an estuary
 

(Lugo and Snedaker, 1974). Over 120 species of fish are commonly caught
 
by courierclal fishermen in the Sundarbans and the shrimp, pratn, lobster
 
and crabs hold a predominant place in the catch that is estuarine
 
dependent. Wlth their protected waterways and high productivity, it is
 
not surprising that the estuarine areas are important nursery areas.
 
Many of the Bay fish and ahrimps are estuarine-dependent at some point
 
in their life cycle (Pillay, 1967; Clark, 1974).
 

Thus, estuarine productivity is critically linked with the vegetated
 
tidelands and of course, it is also coupled with the upland watershed.
 
Snedaker and his associates (BWDB, 1977) have summarized the role of
 
fresh water from the Ganges through its distributaries' discharge into
 
the Sundarbans estuaries:
 

- as a diluter of salt water; 

- in protecting fry, shrimp and shell-fish and other biota; 

- in water temperature modification; 

- in osmoregulation of marine animals; 

- as vehicle for primary nutrients and metabolic waste removal; 

- as a moderator of concentration-dependent reactions in salt water; 

- as a resource-partitioning mechanism in coastal waters; 

- in the vertical movement and di~tribution of organisms; 

- as a cutting and filling mechanism; 

- in maintaining a salt wedge and mixing zone; 

- in the delivery of allochthonous materials to estuaries as a 

function of precipitation, drainage and topography; 

- as related to times of arrival and departure of migrating species. 

"Development activity anywhere in coastal areas - watersheds, flood
 
plains, wetlands, tidelands or water basins - is a potential source of
 
ecologic damage to the coastal water ecosystem" (Clark, 1974, p. 37) and
 
such damage has severe social consequences.
 

41
 



In the coastal ecosystem there are certain predators that are the
 
'keystones' of a specific structural and functional assemblage of
 
species in a community. To remove such a predator is o shift the
 
community, either throwing it into a different equilibrium state,

usually at a much reduced level of productivity or throwing the system

into wild oscillations (Holling, 1973). In the Sundarbans estuaries,
 
the crocodile (Crocodilus porasus) is such a keystone predator. Bustard
 
(IUCN, 1975) has pointed out how the crocodiles feed largely on fish
 
that are comparatively worthless commercially and some of which
 
themselves are at some stage predators on the more valuable fish and
 
fish eggs. Crocodile movements in the water actually activate the flow
 
of nutrients from the bottom to be integrated in different food chains.
 
This is an issue of such importance for the Sundarbans that 
we quote at
 
length a starement by Professor Federico Medam (1978), Chie of Tropical
 
Biology Station in Villavicenclo, Colombia, and a member of the IUCN
 
Crocodile Specialist Group:
 

"In recent years, information has come to light on the
 
very important function of crocodilians in nature.
 
Fishermen in the Amazon had for some 
time noticed tL.t
 
wherever caimans disappeared, fishing declined. This
 
decline was rather unexpected, fishes being the main
 
food of the caimars. It seemed to the natives that in
 
the absence of the predators, fish would multiply. It
 
is now clear from research undertaken in Amazonian
 
mouth-lakes that this is the reverse of the 
truth.
 
Biomass in tropical aquatic systems consists almost
 
exclusively of animals (whereas the fauna represents
 
only a small fraction in rain forests). Limnologist E.
 
J. Fittkau has researched the amounts of nutrients
 
released by caimans in the course of their metabolism
 
and the impact of these nutrients on primary
 
production. Measurements proved that caimans daily add
 
nutrients (mostly of allochthonous origin) in sufficient
 
quantities to effect an increase of primary production
 
and an attendant enlargement of the autochothonous food
 
chain.
 

"A typical mouth-lake system consists of phytoplankton,
 
aquatic insects or insect larvae, higher crustaceans,
 
and vertebrates such as large and small fish, turtles,
 
caimans, otters and dolphins. Phycoplankton,
 
macrophytes, the larvae of insects and snails, etc. all
 
thrive on the excrements of caimans and other
 
piscivores. Fry and small fish in turn live 
on
 
zooplankton, benthos insects and larvae of snails. 
When
 
caimans cease to be a part of the food chain the amount
 
of nutrients that fry acquire diminishes; inevitably the
 
size of the fish population is reduced."
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The Auazon is not the Sundarbans but ecological processes are ecological
 
processes. The importance of the crocodiles as 'foundation species' in
 
the Sundarbans ecosystem is something more than the makings of a woman's
 
handbag or a dandy's shoes. It is the complex and counter-intuitive
 
character of these kinds of functional relationships that makes the 
management of the coastal ecosystem such a perplexing and difficult 
task. As more and more of these processes and relationships are puzzled 
out, the ecological principle of ecosystem integrity - "no one part of 
an ecosystem operates independently of any other" - becomes more vivid 
and the management principle thus derived - "each coastal ecosystem must 
be managed with respect to the relatedness of its parts and the unity of
 
its whole" - becomes more imperative (Clark, 1974, p.v). 

Consider such basic functional aspects as energy storage and nutrient
 
trapping and cycling, the ones that management is all about. We are
 
conditioned to think in terms of the results of these and not the
 
processes. Storage is the capacity of a system to store energy and
 
nutrients in one or more of its components - the forest, a school of
 
fish, organic sediments, phytoplankton, a stand of grass (Clark, 1974).
 
The reserve of energy and nutrients is what buffers the system against
 
irregular stresses and seasonal shortages. As we have described, energy
 
storage in the mangrove component of the system is what 'drives' the
 
estuarine system. It is the energy storage capacity that man must
 
harbor to harvest but it is also high capability for energy storage that
 
provides for optimum ecosystem function (Clark, 1974): you overstress
 
it or damage it and you can lose it all, is not an overstatement as too
 
many case studies have shown (Farvar and Mi.ton, 1972; Dasmann, 1973).
 

Productivity in the coastal ecosystem is normally governed by the amount
 
of available nutrients (defined here as the cations and anions that are
 
essential to life (Clark, 1974; Stark, 1978)). The mangrove forest
 
substratum is very active in removing essential elements from the
 
circulating surface waters. This activity is attributable to the redox
 
process of the soil, the activities of the periphyton on prop roots and
 
other surfaces, uptake by extensive nets of fine roots at the surface of
 
the soil, and the metabolism of microflora and microfauna. Our
 
crocodile example shows how important an animal can be in the
 
redistribution of mineral elemLnts and organic products in the system.
 
Crabs (families Ocypodidae, Grapsidae, Xanthidae), especially, are
 
responsible for great turnover of mud on the forest floor which results
 
in nutrIent recyclying (Macnae, 1967, 1968). And we have indicated
 
earlier some of the other factors that come into play in this process.
 

From tese observations on ecological processes, as incomplete as they
 
are, we can derive the basic foundation upon which the successful
 
management of the coastal ecosystem must be based (Clark, 1974, p.
 
vii): "Whatever its specific goals may be an environmental management
 
programme must embrace the whole ecosystem. Any attempt to manage
 
separately one of the many interdependent components of a complex
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ecosystem will very likely fail." 
 If we are to maintain the integrity
 
and thus, the long-term productivity of any resource sector or, indeed,
 
any of a host of values in the coastal zone, "the fundamental management
 
goal is the maintenance of the coastal ecosystem at the highest level of
 
quality, . . . the level of best achievable ecosystem function."
 

Wildlife Ecology
 

The Sundarbans is an essential wildlife habitat. A large percentage of
 
the birds of Bangladesh can be found living here (see French, 1976;
 
Table 8). It is ts only remaining habitat in the lower Bengal Basin
 
for a large number of mammals, reptiles, and amphibians (Tables 9 and
 
10). We have discussed its importance to fish, shrimp, prawns, crabs,
 
and there are many other animals which space precludes including here
 
(but see MukherJee, 1975). The clearing of the vegetated tidelands
 
would obviously result in the loss of this habitat.
 

Mukherjee (1975, p. 14) has described some of the consequences of
 
Sundarbans deforestation:
 

"The reclamation of the land which rose from the mud
 
and clay by deforestation and human settlement has
 
upset the ecology, resulting in the disappearance of
 
a major part of the wildlife. What exists today in
 
these cultivated tracts are some common forms of
 
birds and aquatic fauna of the tidal creeks, common
 
to both the reclaimed and the forest areas. From the
 
northern part of the district some animals have
 
immigrated and have established themselves in the
 
reclaimed area, for example the jackal, fox, civet
 
cats, mongoose and rats. Freshwater fishes have been
 
introduced in the freshwater (sweet-water) tanks, and
 
various insect pests have appeared on cultivated
 
crops which were not known when these areas were
 
covered with virgin forest."
 

Mukherjee has compiled lists of the biota in 
these two contrasting 
habitats - the 'beautiful forests' on the one side and the reclaimed 
areas on tic other - that document this ecological change. But as the 
quotation above indicates, the problems for conservation and management
 
arise from more than just the physical alteration of the vegetation type.
 

There is the problem of invasion into an area by animals that are not
 
normally found there and these animals, through competition for food or
 
competitive exclusion in a number of forms, threaten the survival of the
 
forest animals. This is a new development. In the past the animals
 
living in the forest were buffered by a broad transitional belt of
 
habitat that man destroyed in the process of reclamation. In the
 
process of transforming this belt, we have lost a considerable segment

of the fauna of the Basin, including the more spectaculLr forms - the
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Javan rhinoceros (Rhinoceros sondaicus), wild water buffalo (Bu alus
 
bubalis), swamp deer (Cervus duvauceli), hog deer (Axis porcin);, and
 
gaur (Boa gaurus). We are left then with the animals that can survive
 
in the southern portion of the forest and if we are to maintain even
 
these, a number of threats must be contained.
 

Let us consider some of these factors in a general way. The first
 
threat that must be eliminated, of course, is man-induced mortality but
 
also of primary concern in maintaining a viable wildlife community are
 
sustaining ecosystem productivity and habitat values, and avoiding the
 
disruption of interspecific and intraspecific relationships. The
 
crocodile population is a keystone in maintaining a productive
 
fisheries. Foresters are familiar with the importance of the monkey
 
(Hacaca mulatta)-deer (Axis axis) connection where a significant part of
 
the food of deer may come from particles of food let fall to the ground
 
by foraging monkeys. If the tiger population is reduced, populations of
 
deer and pigs (Sus scrofa) will increase and so will their damage to
 
forest production. Hendrichs' (1975) calculations show how closely t'is
 
is matched. Investigators working in Australian mangroves have reported
 
on the role of birds that feed on the sweet extra-flora exudate of
 
Rhizophora and at the same time take the insects 
that are so damaging to
 
terminal buds and shoots of these mangroves (Primack and Tomlison,
 
1978). The examples can gc on but it is the principle we need to
 
establish here.
 

In the next chapter, we discuss the more important aspects of habitat
 
values, particularly habitat fragmentation and quality as they relate to
 
population processes, but some of the more general concepts need to be
 
touched here. Early investigators attempted to relate the distribution
 
of animals within mangrove forests in terms of vegetation zones. The
 
Sundarbans cannot be usefully described 
in terms of zones for our
 
purposes and in any event, recent reviewers have focused on the
 
importance of the preference of an animal for particular habitats within
 
the vegetational mosaic (Lugo and Snedaker, 1974). Ecologists refer to
 
this as response to patch structure of the environment (Wiens, 1976;
 
Diamond, 1980). F,.ctors which will determine diversity and abundance
 
within the forest are the temporal and spatial distribution of resource
 
availability, the number and types of resources available, and the
 
complexity of interactions among resource dimensions, including food
 
type and spatial dimension (Karr, 1975), all of which are influenced by
 
the pulse and intensity of the abiotic environmental factors we have
 
outlined in the preceding section and all of which can be disrupted,
 
modified, or otherwise changed by man's activity in the forest.
 

In terms of species abundance, any change in habitat has the potential
 
for altering an animal's rates of natality and mortality. This impact
 
can come at one or even a number of levels at once, such as the ability
 
of the female to produce ova, or conceive, or bring a fetus to term, or
 
rear the young, or average litter size, or the time between litters, or
 
age at first litter. We could see a survival rate among young animals
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that is inadequate to replace adult mortality. These activities may
 
disrupt dispersal and the mechanisms whereby younger individuals are
 
recruited into the breeding population. There might be a general

reduction of life expectancy among adults especially during the critical
 
reproductive years. We might see restricted gene flow in some small
 
populations leading to inbreeding depression and a general reduction of
 
fitness (Frankel and Soule, 1981). 
 In sum, we could expect different
 
kinds of habitat changes to confound population processes in different
 
ways.
 

A fundamental characteristic of the Sundarbans is the varied nature of
 
the environment. 
Distinct habitats are adjacent; terrestrial adjoins

aquatic; terrestrial and aquatic vary with the factors we 
have described
 
earlier. 
 If through some element of change the environment begins to
 
become more and more homogeneous, you will lose diversity as those
 
particular features needed for the survival of species after species
 
drop out. In the process the remaining species can become more
 
vulnerable to invasion from adjacent fauna (Terborgh and Winter, 1980).
 

Or we might see a change that results in the reduction of the primary

productivity of the system and has a compounding impact on the secondary
 
consumers. At each trophic level, the transfer of energy results 
in 80
 
to 90% of the potential being lost as heat (Odum, 1971). 
 But if the
 
system is stressed in a way so that primary production is reduced, we
 
may well see that populations of primary consumers decline at a higher

rate than primary production or the impact on secondary consumers would
 
be compounded (Louchs, 1977), the 
reason being that functional
 
relationships are usually not linear. 
Biological systems are
 
characterized by curvilinear relationships, time lags, thresholds, and
 
irreversible changes. 
 There doesn't have to be a general decline in
 
productivity. If some man-induced change eliminated resource 
'hot
 
spots' for primary consumers that are characteristic of heterogenous

environments you would see a decline in carrying capacity and, thus,
 
abundance below the level at which a viable population of secondary
 
consumers feeding on 
them could survive.
 

It is easy enough to list 
these classes of functional relationships and
 
as the list expands, a general image of the complexity and fragility of
 
this coastal ecosystem unfolds. It is quite another matter to see the
 
form of a management response that at once provides for the real needs
 
of society and seeks 
to protect these vital processes, but that is what
 
management must do. 
 We take this up In detail in Chapter 4. The
 
philosophy of sustainable yield management has 3erved the system fairly

well to date, but this has been in an environment where there has been
 
lots of room to move and errorq could correct themselves. When the
 
current and future trends in demand and the system's general resilience
 
are considered and knowing that ever-increasing use of resources shifts
 
equilibrium states and moves populations away from equilibria, then it
 
becomes apparent there is a decided need for a fresh conceptual
 
management framework (Holling, 1978). The present concern for
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endangered species or pollution or a decline in outturn of a £Z.hery are
 
specific signals that all is not well in the system. Now is the time to
 
begin to infuse a new major concept into the management phlusophy: the
 
need to maintain ecosystem function at the best achievable level.
 

What does endangered mean? An endangered species (Goodwin and Holloway,
 
1972) is one that is in immediate danger of extinction; its prospects of
 
survival are in peril if present trends continue and it probably will
 
not survive without the direct intervention of man. Vulnerable or
 
threatened species are still abundant in parts of their range but are
 
threatened because of a continuing decline in their numbers. A list
 
that includes the known endangered and threatened species found in
 
Bangladesh is given in Table 11. Not included are the species we have
 
mentioned, those which have vanished from the region. What stands out
 
in this list is the presence of virtually all the big predators of both
 
the aquatic and terrestrial food webs. An we have and will bring up
 
again and again, the ecological processes that sustain these predators
 
are values mankind simply cannot afford to ignore. Our power to protect
 
them must accumulate as part of a continuing process of guidance,
 
control, and implementation.
 

An Area of Environmental Concern
 

Thia quote by Lugo and Snedaker (1974, p. 60) summarizes the
 
situation admirably:
 

"Mangrove ecosystems are self-maintaining coastal
 
landscape units that are responsive to lorg-term
 
geomorphological processes and to continuous
 
interactions with contiguous ecosystems in the
 
regional mosaic. They are open systems with
 
respect to both energy and matter and thus can be
 
considered 'interface' ecosystems coupling upland
 
terrestrial and coastal estuarine ecosystems. The
 
fact mangrove ecosystems are open has presented
 
man with a difficult problem in terms of
 
management and conservation, particularly with
 
respect to estuarine-dependent fisheries. There
 
is no precise boundary to distinguish mangroves
 
from the upstream and downstream ecosystems upon
 
which they are dependent. Such dilemmas force us
 
to confront our collective ignorance of ecosystem
 
functioning and the spatial organization of
 
ecosystems in a regional setting."
 

For too long mangroves and coastal ecosystems everywhere have been
 
viewed as wastelands, particularly by the single-sector focused
 
development agencies seeking to increase productivity. But the true
 
value of the delta/estuaries, as eveu the few examples we have related
 
indicate, is in the functioning system as a whole. The management
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system must strive to reflect this or we indeed will be left with a
 
wasteland and no amount of tampering will fix it. The Sundarbans is a
 
special area of environmental sensitivity in the regional mosaic and as
 
such, planners, administrators, managers, and users must recognize this
 
zone as an area of environmental concern of critical importance.
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Table 7
 

List of the important plants of the Sundarbans Hangrove Forest
 

Family 


Trees and Shrubs
 

Combretaceae 

Euphorbiaceag 


Lythraceae 


Meliaceae 


Moraceae 

Myrsinaceae 

Rhizophoraceae 


Rutaceae 

Sterculiaceae 


Verbenaceae 


Herbs and Shrubs
 

Acanthaceae 


Ebeneceae 

Lecythidaceae

Leguminosae 


Malvaceae 


Pandanaceae 


Scientific Name 


Lumnitzera racemosa 

Entada scandens 

Excoecaria agallocha 

Candelia rheedii 

Sonnaratia acida 

S.apetala 

Aoora cucullata 


rapa moluccensis 

C. obovata 

Ficus retusa 

Aeiceras us 

Bruguiera gymnorhiza 

Ceriops candolleana 

C. roxburghiana 

Rhizophora conjugata 

R. mucronata
 
Eugenia fruitcosa 

Heritiera minor 

Brovnlowia lanceolata 

Avicennia alba 

A. officinais 

Pongamia glabra 

Thespesia populnea 


Acanthus ilicifollus 

Acrostichum aureum 

Diospyrus embryopteris 

Barringtonia racemosa 

Afzelia biu-a 
Cynometra ramiflora 

Cerbera odollam 

Hibiscus tiliaceus 

Pandanus odoratissimus 


Bengali Name
 

Kripa
 
Gila 
Geva
 
Goria
 
Ora
 
Keora
 
Amur
 
Passur
 
Dhundal
 
Jir
 
Khalshi
 
Kankra
 
Math-goran
 
Goran
 
Garjan
 

Ban-jam
 
Sundri
 
Sundri-lota
 
Sada-baen
 
Baen
 
Karanj
 
Parash
 

Hargoza
 
Hodo
 

Gab
 
Kumia
 
Bhadal
 
Singra
 
Dacor
 
Bhola
 
Kewa-kanta
 

Aegialitis rotundifolia Tora, Satali-gach

Cyclostemon assamicus Ban-bakul
 
Paramignya longippica Ban-nebu
 
Sa~ium indcum 
 Batul
 
Tamarindus indicus 
 Tintul
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Table 7 

List of the important plants of the Sundarbans Kangrove Forest
 
(continued)
 

Family 
 Scientific Name 
 Bengali Name
 

Climbers 

Fabaceae 
 Derris sinuata
 
D. uligioosa
LoranthaceaeLorantaceaeLoranthue longiflorue
 
Mezoneurum cucullatum
 
Polypodium inciodes
 
P. quercifolia
 
Sarcolobus globoau8 
 Boal-lota
 

Grasses
 

Gramineae Orundo karka Nal 
Saccharum cylindricum Ullu 
Typha elephantina Hogla
 

Palms 

Palmae 
 Nipa fruticans 
 Golpatta
 

Phoenix paludosa Hantal
 

Source: 
 Choudhury (1968) and Hendrichs (1975).
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Table 8 

Bird checklist of the Sundarbans and adjacent areas
 

PODICIPEDIDAE
 

Podiceps ruficollis, Little Grebe
 

PELECANIDAE
 

Pelecanus phtlippensis, Spot-billed Pelican
 

PHALACROCORACIDAE
 

Phalarocorax carbo, Cormorant
 
P.L nier, Litt =0ormorant 
Anhinga rufa, Darter
 

ARDEIDAE
 

Ardea goliath, Giant Heron
 
A. cinerea, Grey Heron
 
A. purpurea, Purple Heron
 
Butorides striatus, Little Green Heron
 
Ardeola grayii. Pond Heron
 
Bulbulcus ibis, Cattle Egret
 
Egretta alba, Great White Egret
 
E. intermedia, Intermediate Egret
 
E. garzetta, Little Egret
 
Nycticorax nycticorax,, Night Heron
 
Ixbrychus cinnamomeus, Chestnut Bittern
 

CICONIIDAE
 

Ibis leucocephalus, Painted Stork
 
Anastomus oscitans, Openbilled Stork
 
Leptoptilos dublus, Adjutant Stork
 
L. javanicus, Lesser Adjutant Stork
 
Xenorhynchus asiaticus, Black-necked Stork
 

THRESKIORNITHIDAE
 

Threskiornis melanocephalus, Black-headed Ibis
 

ANATIDAE
 

Ana, acuta, Pintail 
Net:apus cornmandelianus, Cotton Teal 
Derdrocygna javanica, Lesser Treeduck 
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Table 8 

Bird checklist of the Sundarbans and adjacent areas
 
(continued) 

ANATIDAE (continued) 

Anas crecca, Comon Teal
 
Todorna ferruginea, Brahminy Duck 
Aythya nyroca, White-eyed Pochard 
Netta rufina, Red-crested Pochard 

ACCIPITRIDAE
 

Milvus migrans, Black Kite 
Haliastur indus, Brahuiny Kite 
A-i-a-raax Tawny Eagle 
A. ponarina, Lesser Spotted Eagle
 
Haliaeetus leucogaster, White-bellied Sea Eagle
 
H. leucoryphus, Plallas' Fishing Eagle
 
Icthyophaga ichthyaetus, Grey-headed Fishing Eagle 
Gys fuLvus, White-backed Vulture 
G. bengalensis, White-backed Vulture
 
Spilornis cheela, Crested Serpent Eagle
 
Accipiter badius, Shikra
 
A. trivirgatus, Crested Goshawk
 
Circa aeruginosus, Marsh Harrier 

PANDIONIDAE 

Pandion haliaetus, Osprey
 

FALCONIDAE
 

Fa,o chicquera, Red-headed Merlin
 
F_. peregrinus, Peregrine Falcon
 
F. serverus, Oriental Hobby
 
F. tinnunculus, Kestrel
 

PHASIANIDAE
 

Francolinus gularis, Swaqp Partridge
 
Callus gallus, Red Jungle Fowl
 

RALLIDAE
 

Amaurornis phoenicurus, White-breasted Waterhen 
Gallinula chloropus, Moorhen
 
Fulica atra, Coot
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Table 8 

Bird checklist of the Sundarbans and adjacent areas 
(continued) 

JACANIDAE 

etopidius indicus, Bronze-winged Jacana 
Hydrophasianus chirurgus, Pheasant-tailed Jacana 

ROSTRATULIDAE 

Rostratula benghalensis, Painted Snipe
 

CIIARADRIIDAE 

Vanellus indicus, Red-wattled Lapwing 
Pluviali3 Squatarola, Grey Plover
 
Charadrius leschenaultil, Large Sand Plover
 
C. dubius, Little Ringed Plover
 

SCOLOPACIDAE
 

Numenius phaeopus, Whimbrel
 
N. arquata, Curlew
 
TrLnga galareola, Wood Sandpiper
 
T. terek, Terek Sandpiper
 
T. nebularis, Greenshank
 
T. hypolencos, Common Sandpiper 
Capella gallinago, Fantail Snipe 
Calidris minuta, Little Stint 
C. ferruginea, Curlew Sandpiper
 
C. alpina, Dunlin
 

RECURVIROSTRIDAE
 

Recurvirostra avocetta, Avocet
 
Esacus magnirostris, Great Stone Plover
 

LARIDAE
 

Chlidonias hybrida, Whiskered Tern
 
Gelochelidon nilotica, Gull-billed Tern
 
Sterna aurautia, River Tern
 
S. hirundo, Common Tern
 
S. albLfrons, Little Tern
 
S. fuscata, Sooty Tern
 
S. bengalensis, Lesser Crested Tern
 
S. bergii, Large Crested Tern 
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Table 8 

Bird checklist of the Sundarbans and adjacent areas 
(continued)
 

LARIDAE (continued)
 

Hydroprogne caspis, Caspian Trn
 
Larus argentatus, Herring Gull
 
L. ridibundus, Black-headed Gulj 
L. brunnicephalus, Brown-headed Gull
 

RYNCHOPIDAE
 

Rynchops albicollis, Indian Skimmer
 

COLUMBIDAE
 

Treron curvirostra, Thick-billed Green Pigeon
 
T. phoenicoptera, Green Eigeon
 
Ducula aenea, Green Imperial Pigeon
 
Columba livia, Blue Rock Pigeon
 
Streptopelia decaocto, Collared Dove
 
S. tranquebarica, Red Turtle Dove
 
S. chinensis, Spotted Dove
 
Chalcophaps indica, Emerald Dove
 

PSITTACIDAE 

Psittacula karmeri, Roseringed Parakeet
 

CUCULIDAE
 

Phopodutes tristis, Large Greeu-billed Halkoha
 

TYTONIDAE
 

Tyto alba, Barn Owl
 

STRIGIDAE
 

Otus scops, Scops Owl
 
Athene brama, Spotted Owlet
 
Ketupa zeylonensis, Brown Fish Owl
 
Bubo bubo, Eagle Owl
 

CAPRIMULGIDAE
 

Caprimulgus indicus, Indian Jungle Nightjar
 
C. macrurus, Long-tailed Nightjar
 

affinis, Franklin's Nightjar
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Table 8 

Bird checklist of the Sundarbans and adjacent areas 
(continued)
 

ALCEDINIDAE
 

yrule rudis, Leaser Pied Kingfisher 
Alcedo arthis, Comon Kingfisher 
Pelargripla amauroptera, Brovn-inged Kingfisher 
P. capensie, Stork-billed Kingfisher
 
Halcyon co.o.anda, Ruddy Kingfisher
 
H. smnruensis, White-breasted Kingfisher
 
Y. ehloris, White-collared Kingfisher 
R. ileata, Black-capped Kingfisher
 

MEROPIDAE
 

Marops orieatalis, Green Bee-eater
 

UPUPIDAE
 

!!2'Ma fpops, Hoopoe 

PICIDAE
 

Picus flacinucha, Large Yellow-naped Woodpecker
 
Dendrocopos mahrattensis, Yellow-fronted Pied Woodpecker
 
D. nanus, Pygmy Woodpecker 
Chrysocolaptes lucidus, Large Golden-backed Woodpecker
 

DICRUR,DAE
 

Dicrurus macrocercus, Black Drongo
 
D. leucophaeus, Ashy Drongo 
D. aeneus, Bronzed Drogo 
D. ,aradiseus, Greater Racket-tailed Drongo 

CORVIDA& 

Duendrocitta vagabunda, Indian Tree Fie
 
Corvus splendens, House Crow
 
C. macrorhynchos, Jungle Crow
 

CERT IIDAE
 

Certhis himalayana, Bar-tailed Treecreeper
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Table 8
 

Bird checklist of the Sundarbans and adjacent areas
 
(continued)
 

PYCNONOTIDAE
 

Pycnonotue jocosus, Red-whiskered Bulbul
 

MUSCICAPIDAE
 

Muscicapa thalassina, Verditer Flycatcher 
Saxicolodies fulicata, Indian Robin 
Copsychus saularis, Magpie Robin 
Zoothera citrina, Orange-headed Ground Thrush 

PACHYCEPHALIDAE 

Pachycephala cinerea, Mangrove Whistler
 

MOTACILLIDAE
 

Motacilla maderaspatensis, Large Pied Wagtail
 

LANIDAE
 

Lanius schach, Black-headed Shrike
 

STURNIDAE
 

Aplonis panayensis, Glossy Starling
 
Sturnus malabaricus, Chestnut-tailed Starling
 
S. contra, Pied Myna
 
Ac-idotheres tristis, Common Myna
 
A. ginginianus, Black Myna
 
A. fuscus, Jungle Myna
 

NECTARINIIDAE
 

Nectarinia asatica, Purple Sunbird
 

PLOCEIDAE
 

Pasber rutilans, Russet Sparrow
 
Ploceus philippinus, Baya Weaver
 

Source: 	Hukherjee (1975); Hendrichs (1975); Personal observations:
 
April 1978 and March 1980.
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Table 9 

Checklist of Maals in the Sunda'bans and adjacent areas 

INSECTIVORA
 

Crocidura murina, House Shrew
 

CHIROPTERA
 

Cynopterus phinx, Greater short-nosed fruit bat
 
Pteropus giganteus, Flying fox
 
Taphozous longimanus, Lcrg-vinged tomb bat
 
Megaderma lyra, Greater false vampire bat
 
Hiapposideros bicolor, Bicolor roundleaf bat
 
Coelops frithi, East Asiatic tailless roundleaf bat
 
Pipistrellus mimus, Pygmy pipistrelle
 
P. coromandra, Fipistrelle
 
Scotophilus kuhlii, Lesser yellow bat
 
S. heathi, Greater yellow bat
 
S. luteus, Bengal yellow bat
 
Rhinopome hardwickii, Lesser rat-tailed bat
 

PRIMATES
 

Macaca mulatta, Macaque
 

RODENTIA
 

Dremomys op.
 
Vandeleuria oleracea, Long-tailed cane mouse
 
Bandicota indica, Great bandicoot rat
 
B. bengalensIs, Hole rat
 
Rattus rattus, Roof rat
 
Mus musculus, House mouse
 
M. cervicolor, Fawn-colored mouse
 
W. booduga, Field mouse
 
Hystrix hodgsoni, Crestless Malay porcupine
 

ODONTOCETI
 

Sotalia plumbea, Plumbeous dolphin 
Delphinus delphis Common dolphin,

Occaella brevirostris, Irrawaddy dolphin

Neophacaena phocaenoides, Black finless porpoise 
Platanista ganetica, Gangetic dolphin
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TABLE 9
 

Checklist of Mamals in the Sundarbans and adjacent areas
 
(continued)
 

CARNIVORA 

Vulpes bengalensis, Bengal fox 
Canis aureus, Jackal 
Lutra perspicillata, Smooth otter 
Herpestes edwardsi, Mongoose 
H. Javanicus, Javan mongoose
 
Paradoxurus hemaphroditus, Palm civet
 
Vivererricula malaccensis, Small civet
 
Viverra zibetha, Large Indian civet
 
Panthera pardus, Leopard
 
P. tigris, Tiger
 
Felis viverrinus, Fishing cat
 
F. bengalensis, Leopard cat
 
F. chaus, Jungle cat
 

ARTIODACTYLA
 

Sus scrofa, Wild swine
 
Huntiacus muntak, Barking deer
 
Axis axis, Axis or spotted deer
 

Source: Mukherjee (1975); Hendrichs (1975)
 

Nomenclature: Lekagul and McNeely (1977)
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Table 10 
Reptiles and amphlbian. in the Sundarban and adjacent areas 

AMPHIBIA 

Bufo selanoetictua, Toad 
Rhacophorus maculatus, Tree frog

Rana cyanophyctis, Frog
 
R. l-anocha ris 
R. tigerina 
icrohyla ornata
 

REPTILIA 

Crocodlia
 

Crocidilus palustrus, Muggar

C. porosus, Eatuarine crocodile
 
Gavialis ganeticus, Chavial (no longer)
 

Squaiwa 

Hemidactylus flavivirldis, Wall gecko

Eublepharls fascolatus, Leopard gecko

Gekko gecko, Tokay

Mabuya dissimilis, Five-lined skink
 
Calotes versicolor
 
Chamaeleon zeylanicus, Indian chameleon
 
Varanus bengalensis, Bengal monitor
 
V. salvator, Yellow monitor
 
V. flavescens, Ruddy snub-nosed monitor
 
aa naja, Cobra
 
Typhlops porrectus, Blind snake
 
T. acutus, Blind snake
 
Ahaeulla ahaetulla, Whip snake
 
A..cnochloris
 
ython molurus, Rock python
 

Natr stolata, Keel back
 
nhydri1hyris
 
Fordonla leucobelia
 
uarus lividus, Krait 

Aerochordus granulatus, Wart snake
Hydrophis caerulescena, Sea snake 
H. obscurui 
H.nigrocinctus
 

M4icrocephalophis cantoris, Sea snake
Ehydrina schistosa, Beaked deep sea snake 
tyAG mucoSus, Rat snake 
SPalerofophis diadems 
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Table 10
 

Reptiles and amphibians in the Sundarbans and adjacent areas
 
(continued)
 

Vipers russelli, Russell's viper
 
Oligodon arnensis, Kukri snake
 
0. dorsalis
 
Dryophis mycterigans, Tree snake
 
Lycodon aulicuo, Common wolf snake
 
Eryx conicus, Russell's sand boa
 
Psammophis candouarus
 

Testudinata 

Pelochelys biron , Coast soft-shell turtle
 
Horenia piersi, Bengal terrapin
 
Batagur baska, River terrapin
 
Lepidochelys olivacea, Ridley turtle
 
Cheonia mydas, Green turtle
 
Trionyx hurun, Peacock soft-shell turtle
 
T. gageticus, Ganges soft-shell turtle
 
Lissemys punctata, India flap-shell turtle
 
Kachuga tecta, Indian roofed turtle
 
K. smithi
 
K. kachuga
 

Lists of reptiles and amphibians for the Sundarbans have been compiled
 
by Hendrichs (1975), Mukherjee (1975) and Bangladesh Water Development
 
Board (1977).
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Table 11
 

The endangered species of Bangladesh in the United States
 

Department of Interior - Fish and Wildlife Service:
 
'List of Species: Endangered and Threatened Wildlife and Plants'
 

Comon Name 


MAMMALS:
 

Cat, Leopard 

Deer, hog 

Elephant, Asian 

Gaur 

Gibbon, hoolock 

Langur, entellus 

Leopard 

Macaque, stumptail 

Rhinoceros, Sumatran 

Tiger 


BIRDS:
 

Duck, white-winged wood 

Falcon, peregrine 

Greenshank, Nordmann's 


REPTILES
 

Crocodiles, mugger 

Gharial 

Monitor, Bengal 

Monitor, yellow 

Python, Indian 

Terrapin, river 

Tortoise, Indian flap-shell 

Turtle, black soft shell 

Turtle, hawksbill sea 

Turtle, Indian soft shell 

Turtle, three-keeled Asian 

Turtle, peacock soft shell 

Turtle, leatherback sea 


Scientific Name
 

Felis bengalensis 
Axis porcinus 
Elephas maximus 
Bos gaurus 
Hylobates hoolock 
Presbytis pileatus 
Panthera pardus 
Macaca arctoides 
Didemoceros sumatrensis 
Panthera tigris 

Cairina scutulata
 
Falco peegnM
 
Tinsta tier
 

Crocodylus paluetris
 
Gavialus gangeticus
 
Varanus bengalensis
 
Varanus flavescens
 
Python molurus
 
Batagus baska
 
Lissemys punctata
 
Trionyx nigricans
 
Eretmochelys imbricata
 
Trionyx gangeticus
 
Geoemyda (Nicoria) tricarinata
 
Trionyx hurum
 
Dermochelys coriacea
 

From: 	 The National Archives of the United States: Federal Register,
 
Vol. 42, No. 135, Thursday, July 14, 1977.
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MANAGING TIGERS
 

There are, no doubt, less demanding habitats in which to make a living,
 
but the tiger is in its element in the Sundarbans, and looks it. That
 

makes the Sundarbans and the tigers living there unique today. The
 
Sundarbans forest is big and ther2 is a potential for a viable 
populatio of tigers. We are not dealing with a few cats living in a 

small fragment of habitat, an island surrounded by agriculture and who 
knows what other threats, or some less than ideal remnant that nobody
 

could find much use for and wasn't wanted. Both are all too frequently
 

the norm where endangered species are concerned. However, there are no
 
corridors that would allow immigration to the Sundarbans from adjacent
 

areas; there are no tigers in adjacent areas: only people. Any tiger
 
that ventures out is dead. The tiger's survival hinges on those there
 
now and how well we can provide for its needs under ever increasing
 
pressure.
 

You cannot set the Sundarbans or even a significant portion of it aside
 
where tigers can live apart from man. That strategy just isn't in the
 

economic cards. To see that the tiger's needs are met will take
 

considerable knowledge, organization, skill, money, and persuasion. It
 
will be a continuing process. There is certainly a chance for there to
 

be tigers in the Sundarbans fifty or a hundred years from now but only
 
if we take the necessary steps now.
 

Towards a Strategy for Tiger Conservation: Components
 

The Objective
 

First the object without which any programme drifts into increased
 
vagueness: assure the tiger is established in such numbers 4nd so
 

distributed as to provide a reasonable likelihood of its surviving in
 

its native habitat with its genetic spectrum intact.
 

Conservation of the tiger will require guidance by man of the complex
 

natural processes which sustain it (Cowan and Holloway, 1974). The
 
actions required will necessarily be derived from a knowledge of these
 

processes. Any action taken, including maintaining the status quo,
 
rests on a set of assumptions whether they have been explicitly stated
 
or not. Where do we stand now in regard to our understanding of tiger
 
ecology and behavior?
 

The Information Base 

Many pages have been written, but the bulk of this vast literature is
 

devoted to discussions of how to shoot the animal, to arguments
 
concerning its physical prowess, or to anecdotes of encounters with it.
 
"The natural history of the tiger," Schaller (1967, p. 7) concluded in
 
1967, "has been studies predominantly along the sights of a rifle."
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Schaller's pioneering work in Kanha National Park in central India in
 
1964 conceptually advanced our understanding of the tiger. He provided
 
the first scientific insights into its ecology and behavior and 
indicated where further studies were needed to gather the hard data 
required to prepare plans to preserve It and its hoofed prey in the
 
mn-dominated world of today.
 

Recently more intensive studies of the tiger's behavioral ecology have
 
been undertaken or are still in progress on the Subcontinent. This work 
has been suilsarized in the books by McDougal (1977) and Sunquist 
(1981). Russian scientists have been conducting ecological studies on
 
the Siberian subspecies (Matjushkin et al., 1977). In Indonesia,
 
management oriented studies have been done with the Sunda subspecies

(Borner, 1978; Seidensticker and Suyono, 1980). The earlier information
 
on the tigers of the Sundarbans was aumarized by E. Baker (1886). In
 
1971 Hendricha (1975) investigated tiger management and related problems
 
in an ecological context In the Sundarbans but, unfortunately, his work
 
was interrupted by the War. Seidensticker et al. (1976) have reported
 
on the management of problem animals in the Indian Sundarbans.
 

Many critical factors remain to be investigated but in the last fifteen
 
years considerable headway has been made. 
We can refine the assumptions
 
upon which tiger conservation programmes were necessarily based in the
 
beginning and we can strive to articulate ecological findings in a
 
useful management context.
 

Deriving Manage=ant Principles
 

Without belaboring details let us consider here the manifestations of
 
three primary areas of management concern: induced mortality, habitat
 
fragmentation, and habitat quality.
 

Induced mortality -


A female tiger can give birth to four, five, even six cubs (McDougal,
 
1977). This is often seen as a coiusideratLe 'biologic potential' that
 
can compensate for a short-term or even sustained high rate of
 
mortality. We can hypothesize that the capacity to have a large number
 
of cubs is an adaptation to occasional environmental and resource
 
fluctuations. However, tigers did nc. evolve under the pressure of
 
heavy 'cropping' by a predator or in conditions of constant
 
environmental fluctuations. The long dependency of the cubs on the
 
female, delayed maturity, the nature of their land-tenure system and 
social interdependence, just to name a few, are factors which preclude 
this (Sunquist, 1981). The death of a few individuals over a relatively 
short time span can be critical and have devastating effects on a 
population. It is characteristic of the large obligate carnivores to 
exhibit little flexibility in realized reproductive roles (Brunnel and 
Tate, 1981).
 

63 



The implications of this are obvious. 
The first management principle 
is: Protection is essential. The laws that have been enacted to give
legal protection to the tiger on the Subcontinent are quite clear cn 
this point, but at times managers are forced to deal with problem
animals. In the case of incorrigible man-eaters, for example, care must 
be used to Insure that the actual and only the actual problem animal is 
captured or otherwise removed. Overly zealous control operations could 
easily destroy the tiger population in a region.
 

Habitat Fragmentation -


The tiger is a range sensitive species. 
Adding to the problem of
 
critical depensation (Clark, 1974) is the impact of habitat
 
fragmentation. By virtue of a dependence on a dispersed food supply and
 
high metabolic demand, it requires large amounts of living space. 
 In
 
addition, dispersal and population recruiting mechanisms evolved when
 
habitats were 
by no means all equally suitable (Terborgh, 1974). More
 
and more, man has fragmented this habitat in efforts to put land under
 
agricultural production. 
Even small open fields are avoided by tigers.

An expanse of open land of any size 
is an impenetrable barrier (D.
 
Smith, personal communication, 1980).
 

Consider some of the environmental ramifications of habitat
 
fragmentation (Diamond, 1975, 1976). 
 Increased fragmentation means an
 
erosion of ecological integrity. The natural'processes that form and
 
maintain an area are more subject 
to the events in neiqhbouring areas.
 
Both geomorphogenesis and climate are dynamic processes which vary over
 
time, or abruptly. 
In time, we could expect a gradual new combination
 
of environmental variables which will alter the distribution of plants

and thus animals, or a 
single storm or flood can kill the animals in an
 
area (Sullivan and Shaffer, 1975). Without the refugia a larger region
 
provides, the population living there would not survive. 
With
 
fragmentation, we can expect to lose 
more and more of the vegetational
 
mosaic. This reduces the number of, 
or eliminates, the 'hot spots',
sites of locally high resource production that are essential to the 
long-term survival of populations over large areas. It can impact the
 
spatial and temporal availability of resources. 
 The environmental
 
consequences of fragmentation are not welcome developments but 
there are
 
also further problems at the population level to confound conservation
 
efforts.
 

Population maintenance, of course, requires that population replacement
 
keep up with mortalities. The smaller the population, the higher
 
probability that 
some event will result in a rate of mortality from
 
which the population cannot recover. 
Even the solitary-living tiger may

require a 'critical mass' (Wilson, 1975; Seidensticker et al., 1973;
 
Huckenhirn and Eisenberg, 1973) for a population to survive. The
 
complexities of 
land-tenure and social interdependence indicate this may

be so for the efficient exploitation of resources and 
an advantage in
 

7 6
interspecific competition (Seidensticker, 19 a).
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Habitat fragmentation can have long-term genetic impacts on
 

populations. Restricted gene flow in small populations can lead to
 
inbreeding depression and a general reduction of fitness (Mayr, 1970;
 

1alls et al., 1979). Analyses of captive tiger populations have shown
 
inbreeding greatly increases juvenile mortality (Ballou and
 
Seidensticker, 1983). It is the task of management to minimize
 
significant attrition of allelic variation. One obvious way to do so is
 
to maintain populations at genetically viable levels. Studies in
 
population genetics tells us that to do so, an effective population size
 
of at least 200 to 500 individuals is required to prevent erosion of
 
selectively useful genetic variation for an indefinite period of time
 
(Frankel and Soule, 1981). How much land that requires depends upon the
 
quality of the habitat and the behavior of tigers themselves. But
 
judging from our available Information on tiger population density in
 
the Sundarbans (Hendrichs, 1975) it will take the entire Forest Division
 
to provide this security.
 

Habitat Quality -


The problems of habitat fragmentation have become better known in the
 
last few years as ecologists have gained more insight into the
 
ecological relation between area and dispersion and species diversity
 
and dispersal. Habitat fragmentation can be seen as the quantitative
 
component of the process of habitat modification in which the
 
modification of a habitat is so complete that a significant barrier is
 
created between patches of suitable habitat. Hany of the patterns and
 
processes we touched on above are very much a part of the qualitative
 
aspects of habitat modification as well, but in addition to the
 
biological Impacts, habitat quality and habitat fragmentation have very
 
distinct management implications. Let us consider in more detail the
 
impact that habitat modification can have on the capacity of an area to
 
support a population of tigers.
 

The density of tigers will vary between areas and even within relatively
 
small aret.s (Seidensticker and Suyono, 1980; Sunquist, 1981). The
 
matrix of factors that determines density is complex but for discussion
 
these :actors can be lumped under habitat suitability and this
 
influences energy yield and, ultimately, fitness. An open, short-grass
 
region may contain an abundance of ungulates suitable as prey for a
 
tiger but not the cover necessary for the tiger to approach and capture
 
a prey anima:. An extensive tract of mature rain forest does not lack
 
cover but large hooved prey which tigers are adapted to capture: occur
 
there at very low density. And, of course, there are all the
 
possibilities in between.
 

Within an area man can diminish habitat suitability by decreasing and/or
 
altering the spatial and temporal patterning of resource availability
 
(Wiens, 1976). Three principle modes of doing so are to alter the
 
structure of the vegetation, or to divert productivity away from the
 
tiger's food chain, or man can simply degrade the ecosystem's ability to
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produce to the point where it simply cannot support a population of big
 
predators. Overgrazing by domestic livestock in a forest area or
 
establishing an extensive monoculture plantation of exotic trees can
 
destroy sites of locally high prey productivity and availability that
 
are critical for the survival of the population seasonally or in
 
difficult years. The problem is compounded in small areas. And is
 
confounded in the Sundarbans where habitat suitability is in i state of
 
flux because of deltic processes and cyclones irregularly presenting new
 
combinations of environmental variables.
 

That the quality of habitat is an essential factor is long established 
as a principle in wildlife management (Leopold, 1933). Our ecological 
and behavioral research with tigers has allowed the identification of at 
least some of the principle features that determine habitat suitability 
for tigers but we have much work yet to do (Sunquist, 1981). 

Two principles emerge from these considerations which are essential in
 
designing a management strategy for the tiger. The first is the
 
fundamental requirement for continuous habitat over large areas or at
 
minimum the linkage of habitat blocks with strips of suitable habitat.
 
This is the principle of habitat continuitX. Second, there is the
 
fundamental need to maintain the quality of the habitat. The reduction
 
of habitat heterogeneity can be critical for survival through impact on
 
spatial and temporal availability of resources. This is the principle
 
of habitat quality.
 

Developing a Basis for Integrated Management
 

These three principles - protection, habitat continuity, and habitat
 
quality - form the basia of an impact prediction system to Identify or
 
to aid in identifying the significanoc.e of impacts from any proposed
 
project or development activity (Clark, 1974) on the welfare of this
 
endangered species. By identifying basic ecological needs it is
 
possible to recommend corrective actions and control mechanisms for
 
ecologically disturbing activities. Corrective actions might come in
 
the form of mitigation actions; control might be included in the overall
 
management system as performance or environmental standards (Kusler,
 
1980). It is through such an approach that integrated management will
 
come of age. The biological and socio-economic constraints of
 
management are such that this would seem the only approach that will
 
achieve the objective, the survival of the Royal Bengal Tiger as a
 
natural species.
 

Problem Tigers
 

There will be further discord in conserving the tiger in the Sundarbans
 
which managers will be required to resolve: the risk of forest users
 
from tigers. Han-killing is a problem. We can argue that even in the
 
Sundarbens there is less risk from a tiger than driving a car in most
 
'developed' countries, but it does not resolve the problem.
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the triumph of the
 
The statistics show there is less risk, and it is 


modern public relation firm that we accept the dangers 
of driving an
 

But with tigers, it is an emotion packed
automobile so complacently. 

That solution is
 

issue that has for too long been resolved with a gun. 

Ve can send
It's a ridiculous state of affairs. 


men to 

not acceptable today. 


the moon or photograph the Sundarbans from an orbiting satellite
 
That is
 

but this issue is still resolved as it was a hundred years ago. 


not a noteworthy accomplishment.
 

Hendrichs (1975) investigated this problem and made more 
headway in
 

three months than had been made in the previous two hundred years of
 

Rather than speculating on
 writing about it. His approach was simple. 


causes, he first expanded the frame of reference. For starters, he
 

looked at the problem in an ecological context and found there 
indeed
 

He looked at
 were environmental correlates to man-killing by tigers. 


histories and developed type profiles of man-killers. Any good law
 
case 


same. These observations can be
enforcement officer would do the 

And so forth
translated into hypotheses. Hypotheses can be tested. 


core of this issue, the cause. This work remains
until you get at the 


to be done but even so, Hendrichs' initial findings are most 
useful in
 

risk and in showing how preliminary management
identifying zones of 


procedures should proceed.
 

In looking at the millions of dollars that have been spent engineering
 

ways to keep starlings (Sturnus vulgaris) from defecating on buildings
 

would seem that a clever engineer and behavioral
 or such problems, it 

There has to be an
ecologist could sit down and work this one out. 


the gun and there are some (Hendrichs, 1975), but a real
alternative to 

solution must be readily applicable at low-cost and low risk for both
 

parties involved.
 

An appeal? Yes, and it is time.
 

_.y Species, Key Processes
 

At the top of the terrestrial food
Here we have emphasized the tiger. 

to environmental perturbations. The


web, it is particularly sensitive 

survival
crocodiles are just as sensitive and have their own 


The list could go on but by emphasizing the more
requirements. 

sensitive wildlife species 
in the beginning we would expect to reduce
 

increase effectiveness.
management costs and 


Our approach was to identify key ecological processes and formulate
 
in a compatibility
available information in a way that can be used 


It is a start in a process to include
matrix of coastal zone uses. 


wildlife values in resource management decision-making for the
 

Sundarbans.
 

The northern edge of the Sundarbans Forest Division
Figure 8. 


(Seidensticker: March, 1980).
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MANAGEMENT, MAN, AND THE SUNDARBANS
 

forest left in the lower
 

The real value of the goods and services
 
The Sundarbaus Forest Division contains all the 


Bengal Basin (Fig. 8). 


provided by this area is not calculable. Even if it were, there are 
no
 

Below we briefly outline the values of the Sundarbans and
substitutes. 
some of the concepts that will havr to be incorporated into the 

management syztem for thest vzlues to be maintained. But first we want 

to clarify what we mean by goods and services in nature. Only too often 

ignores the latter, and at greatdecisior-aiaking in resource utilization 
social cost.
 

Good# and Services
 

Ecosystems, as we have sought to describe above have structure and
 

functions. Structure includes the species contained, their mass, and
 

their arrangement. This is the ecosystem's standing stock of goods.
 

From structure we dirive benefits: the harvest of marketable products 

food, fiber, bull .ng materials, fuel; the genetic resources of valuable
 

species; and use a , appreciation for recreation, aesthetic enjoyment,
 

and study (Westman, 1977).
 

Functions are characterized by the ways components of the ecosystem
 

interact. The importance to society of these functions, or processes,
 

is no less than survival itself. Functions include the energy circuits,
 

food chains, diversity patterns in time and space, nutrient cycles,
 

development and evolution, and mechanisms of control (Odum, 1971).
 

Benefits imparted include energy storage, the absorption and breakdown
 

of pollutants, the cycling of nutrients, the building of soil,
 

maintenance of the balance of gases in the air, the regulation of
 
As when
radiation and climate, the fixation of solar energy, and more. 


the structure of an ecosystem is damaged, losses to society appear when
 

functions of the ecosystem are impaired. Damage to structure will
 

impair functions and of course, damage to functions will impair
 

structure.
 

Ecosystem Integrity and Management
 

the world over has shown the magnilude of
 

the problems that arise if structure is damaged and/or ecological
 

processes are impaired and the Parakka Barrage, which diverts Ganges
 

water through India has demonstrated this vividly in Bangladesh (BWDS,
 

1977). Problems include soil toxification/fertility decline, land
 

instability/river shallowing, low water quality/salt intrusion,
 
catastrophic flood/drought, fisheries decline, forest product shortage,
 

agriculLure pest outbreak, disease and vector build-up and the list can
 

go on (Hanson and Koesoebiono, 1979). The point is that no part of an
 

ecosystem operates independently from any other. Utilization in a
 

system will bring about modification depending upon the kinds of use and
 

the characteristics of the system but there are always limits which
 

Experience in coastal zones 
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cannot be exceeded or biological repair becomes impossible 
in the human
 

a coupled system
time-frame. As we have emphasized, the Sundarbans is 

The system is not independent of
 linked by water to ocean and land. 


areas and the ecological processes originating in this
neighboring 
coastal zone are essential to neighboring systems.
 

-

These considerations are not afield from the subject of 

this report 


tigers and wildlife conservation  or even forest management. They are
 

not possible to manage ecosystem components
the point. It simply is 

If tigers or wildlife
independently and save all the pieces. 


populations in general are to survive, it will only be within the larger
 
as
 

context that views tigers or trees or the needs of people not 


separmte or competing entities but as an inseparable whole. 
Nor is it
 

possIble to view the Sundarbans as independent from the ocean 
or land.
 

It is not and its administration, planning, and management require 
this
 

frame of reference to succeed in the long-term.
 

that the Sundarbans is not a discrete homogeneous entity and
Reliiing 
thaz components are interdependent, allows a bio-cybernetic 

approach to
 

planning and management (McEachern and Towle, 1974; Holling and Clark,
 
narrow sectoral planning
1975). This approach can reduce the dangers of 


and include into the decision-making process the values and 
constraints
 

of the systems as a functioning whole.
 

This approach can reduce dangers but if care is not taken to subjugate
 

can compound problems. Disruption to
the narrow sectoral view it 

an ecosystem is not a goal of any management
structure or function of 


or
action. Disruptions are most usually spillover effects, 


externalities as they are called by economists, of developmental
 
are conducted. These


activities or the means through which they 


activities have in general heen initiated to fulfill very important
 

food, shelter, security and other physical and emotional needs 
and wants
 

of people (Barkley and Seckier, 1972; Mathews, 1975). 
 Current
 

institutional arrangements for managing the Sundarbans have evolved 
with
 

and are structured to provide fui increasing demands for products 


to assure that optimal ecosystem
goods - not services and the mechaniems 

no such concurrent developmental history.
function is maintained have had 


And herein lies the challenge and the potential danger. Cybernetics or
 

resource management do not necessarily or can even
 systems approaches to 

Nowadays we hear a great deal
pointedly avoid dealing with the whnle. 


about the study of agro-ecosystems which include wildlife, fisheries,
 

and forestry (Louchs, 1977). Agro-ecosystem study is 
a tool available
 

to policy-makers. The narrowest possible use would be to devise actions
 

to meet increasing demands through profit/cost analisis of 
inventory,
 

production processes, marketing, price fluctuations, and employment
 

processes with the environmental consequences generally removed 
to a
 

position of 'the necessary verbiage' in the introduction of the report
 

or plan (K. White, personal communication, 1978). But as a procedure
 

that takes the long-term view and the optimization of resource 
balance,
 

agro-ecosystem approach can function as a controlling set 
of parameters
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in optimizing production. It Is this latter and not 'all the necessary
 
verbiage' that will assure the long-term social benefits of the
 
Sundarbans are maintained. And it is in this context that we refer to
 
evolving the institutional structures for integrated resource management.
 

Human Needs. Sundarbans Values
 

The people of Bangladesh need the goods provided by the Sundarbans and
 
there really are no substitutes for these goods. The services provided
 
are equally essential although in many, even in most instances, these
 
services are much more difficult to perceive and the full importance of
 
their value is not felt until they are lost. Usually when an ecosystem
 
is degraded and goods and services are lost there is a mental
 
adjustment. A father can tell his son how it was but the son doesn't
 
really comprehend. This has been the historical pattern of man as a
 
geological agent (Glacken, 1967). But in Bangladesh there have been two
 
kinds of events that have dramatically, abruptly, drastically made the
 
point. Cyclones: In 1970 on the reclaimed areas at the mouth of the
 
Meghna, 200,000 people and more were killed in one storm. That was a
 
sad and tragic event. And people are killed in nearly every major storm
 
that comes off the Bay of Bengal (Islam, 1974). The impact of the
 
upstream diversion of water at the Farakka Bnrrage has had devastating
 
consequences. These abrupt disasters change the customary
 
cause-to-effect relationships, of which ecologists are only too aware
 
but which are so difficult to portray dramatically, to a result-to-cause
 
mental picture. The result is there to see all at once.
 

Today there are more than eighty mi.llion people in Bangaladesh with a
 
growth rate of 2.7% per year and at this rate there is a 26 year
 
population doubling time. At least 90% of the people live outside of
 
urban areas, one of the lowest urbanizatin percentages in Asia (PlEB,
 
1977; Rashld, 1977), Khulna District which includes the Sundarbans
 
Forest division has a comparatively low population density overall for
 
Bangladesh, 310 people per km2 , but when water and forest are excluded
 
from the calculation and an 'ecological density' is rendered, there are
 

2 
over 800 people per km (Rashid, 1977). The Southern Region, and
 
Khulna District in particular, is dependent on the sustained production
 
of Sundarbans forest products. One newsprint mill, two match factories
 
and 80 saw mills are located in Khulna. The value of finished goods
 
from Sundarbans raw materials comes to about Tk 500 million a year
 
(BWDB, 1977). But it is so much more than this.
 

The vegetated tidelands of the Sundarbans are the only source of timber,
 
ficewood and other forest products in the region, but they also function
 
as an essential habitat, nutrient producer, water purifier, nutrient and
 
sediment trap, storm jarrier, shore stabilizer, aesthetic ati-ction and
 
energy storage unit. The drainage ways and estunries serve as a
 
transportation net (Fig. 9), major fishing area, and nursery area for
 
many coastal and ocean fisheries. The goods and services, providing
 
invaluable public benefits, from a healthy Sundarbans are diffused into
 
the local, regional, and national fabric of Bangladesh.
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Figure 9. People in the forests:
 

a) 'Country boats' are the main mode of transportation and
 
comerce in the Sundarbans (Seidensticker: March, 1980).
 

b) People waiting for permits to collect firewood
 
(Seidensticker: March, 1980).
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The Forest Management System
 

There is no doubt that the Sundarbans ir valuable and will become
 
increasingly so with the predictable Increase in demand. United Nations
 
forestry sector reports have pointed out that control of forest
 
production is done administratively and not by market mechanisms (UNFAO,
 
1975). This is true and were it not true there wouldn't be any forest 
(Clark, 1976). Every attempt has been made by the Forest Department to
 
base outturn on sustainable yield and working plans have been thus
 
designed (Choudhury, 1968). This management system has been a century
 
in its evolution (Baten, 1971). One of the most important consequences
 
of this long time-frame coupled with strict control has been to instill
 
the rules as a very real fact of life for forest users. From father to
 
son, the tradition has been established and ingrained in the pulse of
 
the Southern Region. But this 'cake of custom' can crumble all too
 
easily in a spiral of incressing demands up against limited resources
 
where a short-term view pervadte over long-term views, urban needs are
 
pitted against those of rural areas, and industrial demands outstrip
 
agricultural requirements (Geertz, 1963, 1965).
 

We have noted repeatcdlf there is no substitution for the goods and
 
services provided by the Sundarbans because the availability of
 
substitutes is usually assumed, but unarticulated, when market
 
mechanisms are invoked as means to maximize outturn. And market
 
mechanisms ure increasingly being advocated in some important circles
 
(Faaland and Parkinson, 1976). Less than 15% of Bangladesh remains
 
under forest cover. A large shart of this is in the Chittagong Hill
 
Tracts (Rashid, 1977). Bangladesh has an acute wood shortage but the
 
majority of forest products come from the Sundarbans (World Bank, 1978)
 
and forest management left to the whims of market mechanisms would
 
indeed be highly profitable for a time (Clark, 1973). And then the
 
forests would be gone. The tradegies of storms would multiply,
 
fisheries would be greatly reduced and everything else that the forest
 
provides would be lost. It is all too common an occurrence. There is
 
no substitute for a healthy, functioning Sundarbans and you cannot buy a
 
substitute.
 

When surveying the status of the world's coastal zones one first tends
 
to be shocked, a feeling followed by one of indignation at the great
 
loss that is within at least our technical capacity to prevent. And
 
then, for the ecologist, there is a gripping feeling in the pit of your
 
stomach as you start adding up the environmental implications of this
 
disturbance (BWDB, 1977; Hanson and Koesoebiono, 1977; Barkley and
 
Seckler, 1972; Islam, 1974; Clacken, 1967; Dasmann, 1973). The
 
Sundarbans Forest Division stands apart because strict control over a
 
major region was established very early. Moreover, jurisdiction was
 
placed in one governmental unit and the principles of sustainable yield
 
of products prevailed. It is an excellent example of how it should and
 
can be done. As such it is useful to outline the general form of the
 
management response to man's expanding needs from the Sundarbans and
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derive an understanding of the processes that have shaped forest 
management concepts and the institutions that stabilized these concepts. 

2

Two hundred years ago the region's chief consumable resource was its
 
undeveloped land. In the eighteenth century the forests were about
 

double their present size. Forest clearing was encouraged. In 1828 the
 
British Government assumed proprietary rights. Clearing and cultivation
 
vent on but under regulations until about 1875, It was during this 
development phase that we see a decline in the diversity of large 
mammals as their habitat went under the axe and plow. 

About 1875, remaining unleased forests were placed under the control of 
the Forest Department. They were declared reserve forests under the
 
Forest Act of 1879. But some deforestation activities trickled on until 
the first decade of this century.
 

Upon replacing deforestation with forest utilization as the principle
 

land use, came a series of regulations at first concerned with realizing
 

revenue. In a stepwise manner these regulations were expanded to 
control outtake. A 1.14 m girth was established for Sundri (Heritiera 
fores, H. minor) in the 1870's. The first working plan came into force 
in 1883 with revisions in 1903, 1906, 1912, 1931, 1937 and 1960. With 

each revision the felling cycle and exploitable girth limits were 
revised. At first Sundri was the principle focus but later Keora 
(Sonneratia apetala), Passur (Xylocarpus (- Carapa) mekongensis), Kankra 

(Bruguiera sexangula), and Anur (Amoora cucullata) were recognized In
 
the plans. Felling of other species was unregulated until about 1925.
 
The Curtis plan of 1931 attempted to economize in utilization by
 

concentrating the felling of all species rather than the few favored in
 
the past.
 

The Curtis plan was based on careful enumerations but in 1935 a revision
 
was issued to simplify the plan in line with profit, cost and technical
 

capability considerations. The plan of 1931 was important as it focused
 
on diversification of products to meet demands and markets adjusted and
 

developed accordingly. In the 1950's surveys were made to increase
 

further outturn by bringing more species into production, specifically
 
Gewa (Excoecaria agallocha) for newsprint and the match industry. This
 
was included in the 1960 working plan. In the 1960 plan, recognition
 
was given to conservation measures for wildlife and it had the explicit
 
objective of maintaining forest structure thereby "ensuring possible
 
protection of cultivated land in the interior from the devastation
 

caused by periodic cyclones, storms and tidal waves" (Choudhury, 1968,
 

p. 36). The Current working plan is for twenty years and will expire in
 
the early 1980's, the delay caused by the disruption of the War.
 

This history of management is outlined in Choudhury (1968).
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The switch from land transformation to forest utilization in the 18 70 's
 
occurred when the population of Bangladesh was under 25 million people
 
(Rashid, 1977); in 1931 when the management effort was to diversify

species in production to meet demand, the population was 26 million; in
 
1960, the starting date of the current working plan, there were 55
 
million; today there are more than 80 million; at the present rate of
 
increase, the population will be 100 million by the early 1990's. This
 
means that in the next few years there will be as many people added to
 
the population with all their real needs as were present in Bangladesh

when the curves of supply and demand crossed and it was deemed necessary
 
to switch from land transformation to forest utilization.
 

The process of forest management has been a aeries of incremental acts
 
to bring more goods int, production. This has been done with care and
 
control and a substanticl increase in production of food, fiber, and
 
material has 
resulted without apparent damage to the system. The demand
 
for products will continue to rise. The danger is that in attempting to
 
meet the demand through yet another single sector incremental step or
 
that through some exogenous disturbance the system in effect will 'flip'
 
into a new, much less productive zone of stability. (We can only hope

that this has not resulted from the Farakka withdrawal of water although
 
judging from the impact on Sundri and the decline in fisheries
 
production something did 'flip'!) The natural system has a
 
characteristic degree of resilience, and the more man extracts from the
 
system, the closer you approach the system's threshholds, the more
 
'brittle' the system becomes. One more increment, one more push from
 
the outside and you push it into a different system state. The great

lesson from recent ecosystem theory, simulation modeling and real-world
 
examples is that ecosystems are multi-equilibria at different levels of
 
productivity (Holling and Clark, 1975; Simenstad et al., 
1978).
 

Clearly, the 'management paradigm' that has developed over the century
 
the Sundarbans has been under the control of the Fcrest Department has
 
been one of seeking ways to increase fores.t outturn within the
 
constraints of sustained yield philosophy. We have noted earlier there
 
has been no concurrent development of management mechanisms to maintain
 
optimal ecosystem function. The major strength of the management system

has been that an entire coastal region was placed under the control of
 
one governmental unit. And the Department has been able to control
 
forest use. The management process has not stagnated and it has
 
resisted a course of development that would preclude the development and
 
implementation of other resource management sectors. 
The pressure to
 
follow such a path is certainly present. Our analysis and common sense
 
indicate that the future development of the management system will
 
necessarily have to be directed toward reflecting the natural functions
 
and dynamic rhythms of the ecosystem if the full component of values is
 
to be maintained. 
How then, do we give this concept form and stability?
 

Structuring the Management Response
 

There are uncertainties the Forest Management System must recognize. 
As
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golling and Clark (1975) have pointed out, we must deal with four main 
classes in any area of environmental management: 

- Our limited knowledge of functional relationships within the 
ecosystem;
 

- Our limited knowledge of the social objectives for ecosystem 
management; 

- The unknown inevitably dealt us by 'fickle fortune'; and 

- Our limited knowledge of an ecosystem's inherent resilience.
 

The KManagement System's principle weakness Is Its narrow developmental 
focus. A major start in overcoming the degrading and endangering 
externalities that arise from narrow sectoral planning and development 
can be accomplished by sttengt:ening the Department's capacity in all 

one 
necessary measure. A fisheries management capacity, we think, would 
resource areas. Developing a Wildlife Management Expertise is 

follov shortly in an effort to deal with the marked decline in
 

productivity. 

The Wildlife anagement Programme must be structured to integrate the 

policy, Implementation, and control levels of the forest management
 

system. The major causes of species extinction are over-exploitation of
 

populations and modifications of their habitat and the conventional
 
approach to wildlife conservation in South Asia has been to provide
 
legal protection and to conserve selected populations of species and
 
their habitats in strictly protected reserves, a mechanism known as the
 

core-buffer concept (Leopold, 1933). This approach rests on the
 

assumption that inviolate core areas surrounded by restricted-use buffer
 
zones can assure the survival of species and comunities; it assumes
 
that within these reserves the life-cycle needs of species and 
communities will go on in a natural way if they are safe from 
man-induced environmental perturbations, and mortality. It undoubtedly 
is the best strategy for many ecological and soaco-economic situations.
 
However, the application of this concept in the Sundarhens would not be
 
appropriate.
 

There are two primary reasons why this is so. At the interface of land 
and sea, the Sundarbans coastal zone ecosystem is strongly influenced by 

external factors. Furthermore, this zone is a recent formation and 

continually changing in its configuration. A wildlife conservation 
strategy must recognize the dynamic nature of the system, the 
overwhelming impact of storms, the nature of the processes of change, 
and the factors limiting movements, distribution, and numbers of 
animals. Providing for the ecological needs and population processes of
 
the wildlife community over the long-term would require a huge portion,
 

if not the entire Sundarbans coastal zone. Putting aside the problem of
 

population maintenance, the 'island dilemma', even if the total
 

management effort was directed towards omall inviolate areas, a single
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storm or a change in the water regime might well render those areas
 
inappropriate as habitat. And such factors are the environmental norm
 
for the Sundarbans. The situation is further confounded by the
 
long-term impact of the upstream diversion of Ganges water.
 

Secondly, it simply is economically not possible to set aside all or a
 
major portion of the Bangladesh Sundarbans as an inviolate reserve.
 

The first essential step to manage Sundarbans wildlife requires
 
developing the capacity to protect it from man-induced mortality. But
 
rather than attempting the core-buffer approach to habitat protection,
 
we employ in this plan the concept of critical habitats, vital areas we
 
call them, where an essential species function occurs or where an
 
essential ecological process occurs or originates (Clark, 1974; Ray,
 
1978). Vital areas would include 'hot spots' of high local resource
 
production (Diamond, 1976). The sea face meadows are resource hot spots
 
for deer and their predator, the tiger. However, it must be recognized
 
they constitute only a small fraction of the area needed to assure that
 
vital population processes for these species are not confounded, a
 
recognition that will necessarily have to be integrated into the overall
 
system as management standards (Clark, 1974; Kusler, 1980). Water birds
 
with their dependency on patchy food supplies must integrate resources
 
over large areas; their nesting and roosting sites are vital areas that 
require protection. Rather than attempting a strategy of habitat
 
management which involves setting aside areas where the entire
 
life-cycle needs of a wildlife community can occur, we link the
 
ecological needs of wildlife into the overall management system for the
 
Sundarbans. In so doing the ecological processes upon which wildlife
 
are dependent become integral values in the management matrix.
 

But the concept requires a base and this must be developed along a
 
number of axes. We have mentioned the need to integrate the Programme
 
at the policy, implementation, and control levels in the management
 
system. In addition to control and protection, this will require the
 
capacity to analyse, monitor, and infuse findings. There is sufficient
 
information to determine management priorities and set the Wildlife
 
Management Programme in motion but further refinement will require more
 
detailed knowledge to identify vital nabits and critical ecological
 
processes, to identify opportunities for optimizing the resource mix at
 
minimal ecological cost, to avoid disruption, and to provide
 
decision-makers with a more complete framework in which real costs and
 
benefits can be estimated (Poore, 1974).
 

Communication is a second axis. To infuse information into policy and
 
decision-making will require developing communication formats and
 
processes which force analyses to be responsive, usable, and
 
transferable (Holling and Clark, 1975). 
 The power of public opinion
 
must be joined with governmental effort to achieve wildlife conservation
 
objectives. The Wildlife Management Programme is a focal point where
 
conservation principles that establish a healthy relationship between
 
man and his environment can be demonstrated.
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A principle limiting factor will be trained personnel. Realizing any 

programme iv dependent on the people involved and how they are 

deployed. Wildlife management in a complex task. The number of 

variables and skills required necessitates specialization and 

organization "to bring specialists into a complete and fruitful 
1973, p. 39) points out in his general theoryrelationship" (Galbraith, 

be done in-house to sharpen someof advanced development. Training can 
but it will also require the assistance of outside specialistsskills, 


and advanced degree work abroad. Training alone will not suffice; a
 

dedicated professionalism must evolve.
 

All these we take up in prescriptive detail in the following sections. 

About Conservation 

This approach to wildlife conservation is not experimental or novel; all 

have been with us for some time and the infusion of thesethe concepts 
into the management of land is at various otages of sophistication in
 

many countries. But this is a pioneering effort in South Asia. No 

country in this region has moved beyond rhetoric actually to employ 

concepts and build the necessary supporting institutions andthese 
to manage their wildlife. Bangladesh is in a unique positionstructures 

so. The first major hurdles have been crossed: The Sundarbans isto do 
not an open-access resource. Utilization is controlled by one
 

And the
governmental unit. Exploitation is based on sustainable yield. 


Forest Department is staffed with professional resource managers. The
 

Wildlife Management Programme will protect wildlife from over

exploitation and strengthen and refine the forest management system to 

include explicitly the ecological needs of the wildlife resource in the
 
will be preserved.context of wise land use. A National Treasure 

This is what conservation is about.
 

80 



STRATEGY, OBJECTIVES, TIME TABLE
 

Strategy
 

This Plan 3,4 outlines a process of accumulating the powers needed to
 
alleviate the dual threats of over-exploitation and habitat disruption
 
to Sundarbans wildlife. It does so within the context of the Forest
 
Department's Sundarbans Management System.
 

The first essential step in conserving wildlife is to develop the
 
capacity to protect it from being killed. The existing laws and rules
 
will suffice but the capacity to enforce the law must be strengthened.
 
This requires recruiting, training, and fielding an adequately equipped
 
protection staff. Simultaneously, the will to support active wildlife
 
and natural resource conservation must be fostered through education and
 
through the promotion of non-consumptive uses of this National resource.
 

The ecologic and socio-economic character of the Sundarbans is such that
 
habitat needs for wildlife can best be met by identifying and protecting
 
vital areas of critical habitat (Ray, 1978). The management response
 
will also require the capacity to assure that ecological processes which
 
are essential for the wildlife community are not disrupted in the
 
process of resource exploitation.
 

We do not now have the knowledge needed to identify all vital areas or
 
ecological processes which will require protection. The accumulation of
 
this knowledge and infusion of this into the management system is an
 
integral part of the Programme.
 

The Plan is part of a continuing effort to refine management
 
capabilities to include all components of the Sundarbans ecosystem which
 
includes protection of vital ecosystem functions. The conservation of
 
Sundarbans wildlife depends upon a clear formulation of policy, adequate
 
financing and the professionals employed in the management programme.
 

3 Not referenced throughout but very much a part of the documentation
 
are Clark (1973), McHarg (1969), and Ophulus (1977).
 

4 As the terms are employed in this Plan, a programme is a broad
 
initiative taken to meet recognized needs. These needs are
 
articulated as goals and objectives. Projects are specific actions
 
taken in an operational context under a programme. A management
 
plan is a device that directs the decision-making process to achieve
 
articulated goals; the management plan includes ways to build the
 
capacity of institutions to carry out successfully projects and the
 
programme. Management is the process of converting information into
 
action. Guidelines are criteria that contain and govern the
 
management process.
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The technical capacity and administrative mechanisms must evolve to link 
the ecological features and processes upon which wildlife depend as 

integral values in the forest management matrix. Conservation 

information work will enhance the joining of public and governmental 
interests in realizing this objective. The powers needed to assure the
 

welfare of Sundarbans wildlife must accumulate as part of a continuing
 

process of guidance, control, and implementation.
 

The Goal and Objectives of Management
 

In view of the importance and vulnerability of the Sundarbans,
 

maintaining this coastal zone at the level of best achievable ecosystem 
function must be the fundamental management goal. 

Recognizing that wildlife is an interdependent component of the
 

Sundarbans ecosystem, the objectives of the Wildlife Management
 
Programme are:
 

- To protect the wildlife resource and the ecological processes and 

critical habitat areas vital to the welfare of the wildlife 

community and thereby maintain viable, healthy wildlife populations; 

- To promote and regulate non-consumptive uses of the wildlife 

resource for education, aesthetic, recreation, and scientific 
purposes; 

- To increase the basic underatanding of the ecology of wildlife in 

the Sundarbans and instill this knowledge in the forest management 
system; and 

- To foster a conservation ethic among a broad sector of the community 
which will actively support wildlife and natural resource 
conservation. 

Period of the Plan
 

The activities outlined in this Plan span a period of seven years.
 
Implementation is dependent on availability of funds, and to maintain
 

flexibility, the schedule of operations is ordered by number of years
 
and not actual dates. No revisions are likely to be required in the
 

seven year period, barring some major change, but detailed project
 

documents will have to be formulated according to the &uidelines
 
presented in the Plan.
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MANAGEHENT PRESCRIPTIONS
 

AuthoritZ
 

Preservation, conservation, and management of %!Idlife in Bangladeah are
 

regulated under the provisions of Presidential Order Ye. 23 of 1973 (the
 

Order): UANGLADESH WILDLIFE (PRESERVATION) ORDER, 1973. 3!sequent
 

notices published iu the Bangladesh Gazette authorize various for.-t and
 

police officers to discharge functions prescribed in the Order.
 

The entire Sundarbsns Forest Division, land and water, will constitute
 

the area of operations for the Sundarbans Wildlife Management
 

Programme. the Sundarbans Forest Division is part of the National
 

Wealth under the jurisdiction of the Forest Department in accord with
 

the Porest Act of 1927, The Programme will be conducted according to
 

the provisions of the Forest Act, the Order, and the objectives and
 

prescriptions of the Sundarbans Wildlife Management Plan.
 

In accordance with Article 46 of the Order, the Goverament will declare,
 

through notification in the official Gazette, the complete protection of
 

all species of uammals, birds, reptiles, and amphibians that occur in
 

the Sundarbans Forest Division.
 

To perpetuate integrated management of the natural resources of the
 

Sundarbana Forest Division, the Sundarbans Divisional Forest Officer
 

will be deaignated the chief administrative officer (the Manager) for
 

the Programme. The Conservator of Forests (Wildlife) is in overall
 

charge of wildlife-related affairs. The Programme will be guided by the
 

practical wisdom of the Policy Committee constituted under the officer
 

of the Bangladesh Wildlife Advisory Board, Article 4(2) of the Order.
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Wildlife Sanctuaries
 

Three areas in the Sundarbans Forest Division 
have been declared
 

Wildlife Sanctuaries under the provisions 
of Article 23(1) of the
 

These Sanctuary areas are to be
 Order. These are indicated in Fig. 3. 


retained and managed according to the 
provisions of Article 23(11).
 

In addition, forest compartments Nos. 4 
south of Dora Khola, 6 south of
 

compartment 5, and 7 east of Betmara Gang, 
an area of - 4,729 ha
 

30% rivers, khals, and creeks) shall be declared 
a Wildlife
 

(including ! 

Sanctuary by notification in the official 

Gazette under the provisions
 

of Article 23(1) of the Order.
 

This area combined with the portion of Compartment 
6 already gazetted as
 

2
 . This sanctuary is to be known as
 Wildlife Sanctuary total t 138 km

Sundarbans East and the gazetted wildlife sanctuaries,
Sundarbans East. 


Sundarbans South and Sundarbans West, meet 
the criteria for inclusion in
 

the United Nations List of National Park and 
Equivalent Reserves (IUCN,
 

1983) If they are managed according to Article 23(1) 
of the Order anZ
 

the objectives and prescriptions of the Sundarbans Wildlife Management
 

Plan.
 

Future surveys and research may detect vital 
habitat areas which would
 

After review of supporting evidence
 justify Wildlife Sanctuary status. 


by the Policy Committee, these areas would 
be declared by Government
 

Gazette notification.
 

Sanctuary areas and vital habitat areas are 
part of the methodology of
 

themselves. Wildlife in the
 
wildlife management, not ends unto 


Sundarbans ecosystem must be managed with respect 
to the relatedness of
 

the parts and the unity of the whole of that 
ecosystem. If not, the
 

Programme will most likely fail.
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Organization
 

Programe Functions
 

Consider the functions that must be performed to realize a programe forwildlife management in the Sundarbans: 

- Decision-making: Direct and guide the necessary steps to achieve 
objectives.
 

- Protection: Protect the wildlife resource and the vital habitat 
areas.
 

Research: Seek 
 to understand the ecology of the wildlife resourceincluding an-ildlife relationships. 

nommunications: Interpret the values of the wildlife resource tovisitors and other users; project the image of the programe to alllevels of the government and public atthe large.
 

- Administration: 
 Administer finaucial, personnel. and clericalaspects of the programme and track the progress of the individual 
projects.
 

- Logistics: Provide the logistic support required by the staff to
 carry out their tasks.
 

- Planning: Devise ways 
 to integrate the above functions and presentto the decision-making functton feasible paths to follow to achieve
Programme objectives.
 

These functions will form the basic organizational structure of thePrograme (Miller, 1974). The organization of the staff
Table 12; man-power deployment is detailed 
is shown in
 

later. Organizational levelsof the Programme include: 1) policy, 2) management, and 3) operations. 

Policy Committee
 

This critical, forrulative stage in developing a wildlife managementexpertise in Bangladesh requires careful monitoring. A Policy Cimmitteewill be constituted under the offices of the Bangladesh WildlifeAdvisory Board (Article 4(2) of the Order). The Committee will be namedthe "Sundarbans Wildlife Policy Committee." 
 Its distinguished members
 
will include:
 

- Chief Conservator of Forests ...... 
 ............ Chairman
 
- Conservator of Forests, Plantations ...........
 Member
 

- Director, Forest Research Institute ...........
 Member
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Table 12
 

Staff organization, Sundarbans Wildlife Management Prograe.
 

MANAGEMENT
 

(Divisional Forest Officer)
 

INFORMATION & LAW ENFORCEMENT & ADMINISTRATION SERVICE SURVEY & RESEARCH
 
VISITOR SERVICE SECTION SECTION SECTION
 

PUBLIC RELATIONS OFFICER WILDLIFE SUPERINTENDENT RESEARCH OFFICER
 

OFFICE OF ADMINISTRATION
 
LAW ENFORCEMENT SERVICE OFFICE JR. RESEARCH OFFICER
 

EXTENSION SPECIALISTS WILDLIFE SUPERVISOR OFFICE MANAGER
 

GUIDES
 
SR. WILDLIFE SCOUTS ACCOUNTANT
 

JR. WILDLIFE SCOUTS RADIO OPERATOR
 
TYPISTS
 

SPEED BOAT DRIVERS DRIVERS
 
MECHANICS
 

BOATMEN DRAFTSMAN
 
ORDERLY/PEONS
 

Staff assigned to Program from Chief Conservator's Office, Forest Research Institute or on loan
 
from university or other institutions according to special needs and development phase of the
 
Programme:
 

LAIYER, LAW ENFORCEMENT SPECIALIST, CONSERVATION EDUCATION SPECIALIST, ECONOMIST, VEGETATION
 
ECOLOGIST, ANIMAL ECOLOGISTS, CHEMIST, SOIL SCIENTIST, PLANNER, CONSTRUCTION CREWS
 



- One eminent wildlife expert from the 
Bangladesh Wildlife Preservation Society ....... Member 

- One eminent wildlife expert nominated by 
the Minister of Agriculture and Forests ........ .. Member 

- Conservator of Forests,.Wildlife ... ........... .Member-
Secretary 

The Com ttee will meet with the Manager (D. F. 0.) (see below) every 

six months and review the status of the Sundarbans Wildlife Management
 
Programe in relation to the Objectives and Schedule of Operations
 

detailed in the Management Plan. Shortcomings and needs will be
 
discussed and matters of policy relative to ways and means will be
 

decided. The D.F.O. will seek the Comttee's practical wisdom on all
 
matters related to policy.
 

The Committee must maintain the wide view. Its overall function will be 
to guide the balanced development of a wildlife management expertise in 
Bangladesh and to oversee the formulation of a framework to infuse
 
wildlife management into the forest managenent system, consistent with
 
conservation principles.
 

Programme Management
 

The philosophy of integrated management of the Sundarbans Forest
 
Division will be realized through a number of mechanisms, the most
 
important being the appointment of the Divisional Forest Officer 
(D.F.O.) as Programme Manager. He is to be in overall charge of 
operations, set performance standards, and guide the programme - the 
activities needed, individuals assigned, and budgets allowed. He is to
 
be responsible for controlling operations relative to policy standards
 
based on the objectives of the plan.
 

The Manager's staff will be organized in three Sections: Law
 
Enforcement and Administration-Service, Information and Visitor Service,
 
and Survey and Research.
 

The Section Heads will jointly prepare for the D.F.O. assessments of
 
on-going programme elements and special projects. As required, they
 
will design alternative ways for developing the programme in line with
 
the objects of the Plan. They will prepare proposals to mitigate the
 
welfare of the wildlife resource as it relates to forestry and other
 

extractive activities. They will prepare any action plans required for
 
critical man-wildlife situations.
 

The D.F.O. will remain responsible for making decisions subject to the
 
objectives and prescriptions of the Management Plan and the directives
 
of the Policy Committee.
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The Staff and Their DutiesOperations: 

The above Policy and 	Management Comittee coordinate Programme 

the guards, guides, speedboat drivers, launch 
operations but it is 	 supportman who give them administrative 
crews, radio operators, and the 

Organization and duties are
 
that provide the Programme's action. three

form. Detailed prescriptions for. the 
in summarizedpresented here 

Sections are presented later.
 

- Law Enforcement and Administration - Service Section: 

will head this Section. He is to be 
The Wildlife Superintendent 

of the wildlife resource.
protection and managementresponsible for the 

the wildlife sanctuaries, Office of Law 
He will be in charge 	of 

Office which provide
and Adainistration-ServiceEnforcement 

for the Programme. A. such, he acts 
and logistic supportadministrative in Khulna.He will establish his office 

as the Programme Coordinator. 

Office:- Adainistration-Service 

the Wildlife Superintendent.
The Office will be supervised by 	
Its
 

to provide the basic services required 
in the operations of
 

function is 

m It will be under the direction of the Office 

Manager and
 
the Progra e. 


include an accountant, typists, radio operator, 
launch crews, drivers,
 

The Office will be
 
mechanic, draftsman, 	orderlies and peons. 


Operations procedures will be as per established
 established at Khulna. 


policy of the Forest Department.
 

- Office of La, 2nforcement:
 

Superintendent, will be 
This Office, under the direction of 	the Wildlife 


Nine Law Enforcement Teams will be
 
by the Wildlife Supervisor.headed one Sr. Wldlife Scout,team will consist of

trained and deployed. Each 	
Forine Speed Boat Driver, and four Boatmen. 

two Jr. Wildlife Scouts, 

six additional 
boatmen operating a water 

every three teams there will be 

fresh water and supplies.boat for 

Law Enforcement Teams will be assigned 
to Protection Divisions with
 

m	 to oe
The law enforcement staff is
modations.
land-based acco
 
it will handle
 

responsible for protecting the wildlife 
resource; 


man-wildlife problems, subject to the 
specific instructions of the
 

These men will spend all their
 
D.F.O. and the Wildlife Superintendent. 


working time patrolling the forest and 
waterways or helping in other
 

They will always work closely with the 
control
 

projects as required. 


personnel of the Forest Department.
 

- Survey and Research Section: 

this section is to be responsible
The Research Officer appointed to head 

ofto advance our basic understanding
for the surveys and studies needed 
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wildlife ecology and man-wildlife relations in the Sundarbans. 
He will
 
conduct investigations of specific management problems. 
H3 will advise 
on forest management procedure relative to the welfare of wildlife. 
 He

and his assistants will spend considerable time in data collection, in

analyzing resource problems, and in communicating with other members of
 
the Forest Department and wildlife management staff. 
 As required, they
will be assisted in their work by the Law Enforcement Teams and staff
 
from the Forest Department. He will maintain his office at Khulna.
 

- Public Information and Visitor Service Station: 

The Public Relations Officer and 
his staff of Extension Specialists and

Guides will be responsible for the information and communications
 
aspects of the progranme. The Officer is 
to be responsible for
 
preparing the detailed plans for tourism in the sanctuaries and the
 
Sundarbans Forest in general. 
He will work closely with the government

agencies responsible for tourism and with the other Section Heads 
to
 
assure visitor safety and the welfare of the wildlife resource. Guides

will be trained as required for tourist operations. The Section will be

responsible for preparing and distributing information on Sundarbans
 
wildlife and the wildlife management programme to tourists, the public,

and other government a3encies. 
The Section will be stationed at Khulna.
 

The Management Programme is a complicated task. How much can be
 
accomplished will depend 
'n large measure on the staff's working

together as an integrated team.
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Staff Development and Training
 

We have identified the functions needed to carry out 
the wildlife
 

mnagement programe and on this 
basis an organizational structure 

was
 

It rewins for us here to outline 
the specific skills
 

prescribed. 

required and methods for training 

and developing the staff.
 

Skills Required
 

Within the major programme functions 
there are levels of staff required
 

The advanced-level personnel 
require at least a
 

to carry out the work. Medium-level
 
university degree and experience 

in management or research. 


personnel require technical preparation. 
Support-level personnel are
 

per se. These would
 
wildlife management

largely outside the area of 

include office staff, launch 
crews, and boatmen (Miller, 

1973),
 

All field staff require at least 
elementary skill in wildlife 

management
 

The skills required
 
to make a meaningful contribution 

to the Programme. 


become more sophisticated at 
the advanced-level, culminating 

with
 

Different programme functions 
require widely
 

management and planning. 


varied skills but the fundamental 
organizational principle must 

be one
 

This can be accomplished through 
a common
 

of integration of the staff. Specific and
 
forestry background and in-service 

training course. 


general skill categories required 
by the different levels and sections
 

are outlined in Tables 13, 14, 15.
 

Methods
 

The programme has been crafted 
so it can be set in motion by 

personnel
 

are listed in Table
Qualifications 


In-service up-grading of the 
staff can be accomplished in a number
with standard forestry backgrounds. 


16. 
 recommended:
Four methods are 
of ways (Miller, 1973). 


The International Seminar on
 
- International and Regional Courses: 

Administration of National Parks 
and Equivalent Reserves and
 

applicable courses offered in 
East Africa, Australia, and New
 

Zealand should be attended by 
all advanced-level personnel 

and
 

These are usually of three to
 
members of the Policy Committee. 


four months daration and bring 
men from developing programmes
 

together with experts in the different fields of interest 
such as
 

resource economics, public education, 
law enforcement, planning,
 

and development.
 

Within the context of an ongoing programme.
 - Specialists: 


specialists can make substantial 
contributions to training
 

In the detailed prescriptions 
specialists are
 

personnel. 

recommended to assist in developing 

research, law enforcement, and
 

The invited
 
public education - the three Programme Sections. 


or Visiting Specalist will 
work with the
 

Scientist 


Section Head as counterpart and 
will conduct training courses


Visiting for
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lover-level personnel. We recommend that the specialist in each
 

programme come twice during the period of the plan (two different
 
projects are recommended for Research) with visits spaced by at
 
least two years to give time for results before there is an
 
assessment and an infusion of new techniques.
 

The Basic Training Course: It is planned that specialists in
 
wildlife management will be invited to come and establish a
 
training course under the offices of the Forest Research Institute
 
for a two-year period (A. W. Khan and M. 0. Ali, personal
 
communication, 1978). This course shall offer a basic wildlife
 
management curriculum for the different staff levels. All staff
 
will attend. We recommend that a short course be held for support
 
staff such as speedboat drivers and launch masters to help
 
integrate the staff with a common background. Soon after the
 
Programme is set in motion, the Section Heads will prepare a
 
working paper, Sundarbans Wildlife Management Programme:
 
Requirement for Future 3taff Training and Development. This
 
document will be used for budgeting and establishing priority and
 
training schedules over the period of the Plan.
 

In-house Seminars: Training in some staff areas can be
 
accomplished by men assisting with the work of other sections.
 
Guides will assist with research and law enforcement as part of
 

their training. Law enforcement will assist with research and
 
will join in the discussion about the implications of the results
 
when they are available. Law enforcement will receive
 
instructions from the Public Relations Officer in public relations
 
techniques. Programme-wide seminars where the advanced-level
 
personnel keep the staff updated with developments, planning, and
 
new methods should be instituted on a regular basis.
 

Long-Term Considerations
 

Of immediate short-term concern is fielding a staff to set the Programme
 
in motion, but In the long-term, establishing a state-of-the-art
 
capacity in wilJlife management will require men with post graduate
 
training from ibroad.
 

Men from Bangladesh have been sent abroad for training in wildlife
 
management. What has happened in the past is that upon returning the
 
man finds that if he is to have a job at all, it is not in his new field
 
of speciality and with his status there is little chance for him to
 
develop a new, progressive programme. He is discontented and his
 
superiors are disenchanted in the unfavorable return on a considerable
 
investment.
 

There are two major problems to overcome if this cycle, which has been
 
repeated too many times, is to be broken. There must be a job for the
 
graduate upon his return in his field of speciality. An established
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,ldlife management programe, competent 
although at a relatively lo
 

Upon returning he
 
evel of sophistication, provides 

an ideal setting. 


animmediately set to work 
in a satisfying and productive 

way.
 

he second problem is that 
of the lone, highly trained 

specialist.
 

onstant exchange among peers 
is at the root of the learning 

process for
 
A
 

he specialist in resource management, 
as it is in so many areas. 


.one graduate returning from 
an intense peer situation with 

fellow
 

Iraduate students finds a great 
void and withers after a time, 

literally
 

!rom the lack of someone to 
talk with.
 

overcome this problem, not 
one, but at least four men 

should be sent
 

a group to the same university 
for advanced training.
ro While there 

so 
advantage in obtaining views 

from different universities,
 
iould be some 


To begin, a single, well-chosen 
university is
 

this can come later. 

It will provide a common background 

and by attending together,
 
best. 

these men and their families 

have each other's support to 
overcome
 

rapidly the considerable cultural 
adjustment essential for survival 

in
 

the highly competitive atmosphere 
of graduate studies.
 

To begin, M.Sc. level training 
without research thesis is recommended
 

these men should spend at least 
six months as internes in
 

but Each man would go to a different
 
established research programmes. 


After returning and working with 
the practical problems in
 

institution. But this should
 
Bangladesh, Ph.D. level training 

might be considered. 


come as much as three or four, 
even five years later. Benefits from the
 

investment would be maximized 
if the candidate has a background 

in
 
l'..D. 

L,.e practical problems involved 

in his field and has been associated
 

These would instill an
 
with a state-of-the-art research 

institution. 
We believe
 

understanding of need with recognition 
of what is good work. 


that men so trained will make 
lasting contributions.
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Table 13
 

Skills required by all Programme staff. Levels of
 

proficiency vary according to the function and level of personnel.
 

Report writing
 

Policy, law, regulations
 

Public relations
 

Ecology
 

Principles of resource management
 

Wildlife management techniques
 

Programme organization and objectives
 

Source: Miller (1973)
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Table 14 

Categories of specific skills required by advanced 
level personnel.
 

Management Lay Survey and Public 

Planning Enforcement Research Relations 

x
x
x
x
University degree 
 x
 
General introductory skills x x x 


x
I x
Leadership, advanced 

Advanced planning x x
x 


Advanced decision making x
 
Advanced budgetary methods 
 x
 
Advanced policy x
 

x

Key related fields (1) x x 


x
Resource management x x
 

Resource economics x
 
x


Sociology/psychology x 

x
Emergency procedures 

x
Law enforcement, regulations 
x
Patrolling techniques/problems x
x
First aid x x 


Sensitivity to ecology x
x
x
landscape x 

x
 

Interpretatior principles 

Advanced interpretation
 
techniques
 

x x
Adinistration problems 


(1) Specific fields fundamental to assigned task.
 

Source: Miller (1973)
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Table 15 

Categories of specific skills required by mid-level personnel 

Guards 
Interpretation 
Specialist Guides 

Office 
Manager Accountant 

Research 
Assistant 

0 

Technical training 
Mid-level introductory skills 
Emergency procedures 

Mid-level law enforcement 
Hid-level patrolling techniques
Public relations 
First aid 
Interpretation principles 
Communication aids 
Exhibit design/construction 

x 
x 
x 

x 
x 
x 
x 

X 

x 
x 

x 
x 
x 

x 

x 
x 

X 
x 

x 

x X 

x 
x 

x 

x 

X 
X 

X 

Source: Miller (1973) 



Table 16 

Job qualifications for the Sundarbans Wildlife Management Programme Staff 

Manager: 	 The Divisional Forest Officer for the
 
Sundarbans Forest Division.
 

Wildlife Superintendent: 	 Degree/Dip.-in-Forestry; service as ACF in
 

the Forest Department; experience in
 
wildlife-related matters.
 

Research Officer: 	 H.Sc. in Zoology or closely-related field 

with research experience in wildlife 
ecology. 

Public Relations Officer: 	 Degree/Dip.-in-Forestry; service as ACF in
 

the Forest Department; experience in public
 
relations or lst Degree in
 

Journalista-ublic Relations; orientation in
 

forestry and wildlife.
 

Wildlife Supervisor: 	 Degree/Dip.-in-Forestry; service as Forest 
Ranger. 

Senior Wildlife Scout: 	 Service as Forester/Dy. Ranger; trained in 
the Forest School. 

Junior Wildlife Scout: 	 Service as Forest Guard; trained in the
 
Forest School.
 

Guide: 	 B.Sc. in Forestry, Biology or
 
closely-related field.
 

7 or Biology or
 

closely-related field.
 
Extension Specialist: 	 B.Sc. in Fore -

B.Sc. in Natural Science or closely-related
 
field.
 

Research Assistant 


Other Staff: 	 As per standard Forest Department job
 

classification.
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Law Enforcement
 

The principal task of the Office of Law Enforceuent during the period of
 
this Plan will be to establish a guard system that provides Sundarbans' 
wildlife with maximum security. The Office of Law Enforcement is headed
 
by the Wildlife Supervisor under the direction of the Wildlife 
Superintendent.
 

The Problem
 

The 6,000 km2 
of tidal forest and waterways that is the Sundarbans and
 
the mode of operation of modern poachers, with their speedboats,
 
spotlights and auto.atic rifles, pose a major law enforcement
 
challenge. This is confounded by the forty-five thousand or so forest
 
users who enter the area each year by permit.
 

Over the years the Forest Department has devised a system of permits,
 
check points, and patrols and instilled a deep respect among forest
 
users for its commitment to the enforcement of the strict regulations
 
governing exploitation of forest nroducts. At present force, forest
 
utilization is controlled, but a more sophisticated capacity is needed
 
to protect fully the wildlife resource. This will be the responsibility
 
of the Wildlife Management Programme.
 

The Law Enforcement System
 

Law enforcement needs will be met by deploying nine teams, each
 
comprised of one Sr. Wildlife Scout, two Jr. Wildlife Scouts and their
 
support, a speedboat driver and boatmen. In addition to 
the basic
 
forest police training they will receive advanced instruction in law
 
enforcement methods and procedures (see below). 
 They will be armed and
 
shall receive instruction and drill in the use 
of these arms. Each team
 
will be equipped with a speedboat and radio-telephone.
 

The Sundarbans will be divided into nine Patrol Divisions. Direct
 
supervision of patrol and law enforcement activities is to be the 
job of
 
the Wildlife Super,isor. In each Division there Ill be a land-based
 
Protection Station. 
 Each Station will include an uffice-cum-residence
 
for the Sr. Wildlife Scout and quarters for the Jr. Wildlife Scouts,
 
Speedboat Driver(s) and Boatmen. For each three stations, one country
 
boat will carry water and supplies. The locations of each station will
 
be dicided by the Manager and the Wildlife Superintendent in
 
consultation with their staff. But one Protection Station shall be
 
located in each sanctuary area. All the Stations will be built in the
 
first year of the Programme.
 

The Wildlife Supervisor's facilities will be established at the
 
Protection Station which best facilitates his coordination and
 
supervision responsibilities.
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The Wildlife Superintendent in consultation with the Manager nnd 
the Law
 

Enforcement staff will prepare the Sundarbans Law Enforcement Plan 
feZ
 

Wildlife. This plan will detail all procedures, patrol system,
 

The plan will be approved by the Manager and the
 emergency plan, etc. 

Policy Committee.
 

The Plan will detail the coordination of efforts between 
the existing
 
The guiding


Forest Department police activities and this Programme. 

The men involved in
 principle will be to complement, not duplicate. 


Service.
police activities are, above all, of the same 


second year a specialist in Law
 it is recommended that in the 


Enforcement procedure for wildlife-related matters be 
invited for a
 

two-month period to review the existing programme and 
to hold an
 

This would be repeated in the
 advanced methods seminar for one month. 


fourth year uf the Programme.
 

Tourism
 

The Sectica Heads will prepare a Visitor Protocol that will 
detail where
 

visitors (tourists) can go and what they are allowed to do. Upon
 

approval by the Manager and the Policy Commizt~e, the Protocol 
will be
 

published in an attractive form and given to the visitor as part 
of his
 

Information Packet.
 

All visitors, domestic and foreign, will be accompanied by a 
guide from
 

the Office of Public Information and Visitor Services while they 
are in
 

The

the Forest (compensation will be at the guides' salary rates). 


guides will be responsible for helping the visitors enjoy their trip.
 

They will provide information about where, when and what to look for and
 

optimize the viewing experience by interpreting in an ecological 
context
 

The guide shall monitor compliance with
what i. ieen (see Visitor Use). 


the Protocol and rules and report any violations to the Law Enforcement
 

Section which will deal with them according to established procedure.
 

That the Protocol and rules are for the visitors' &.Jety and welfare
 

shall be stressed.
 

Problem Animals
 

The Forest Department has established procedures for dealing with
 
The function
problem animals. In the beginning these will be adopted. 


over by the Office of Law
of dealing with these animals will be taken 


Problem animals in nearly every case are man-killing
Enforcement. 

tigers. Incorrigible man-killing tigers outside the forest area will be
 

captured, if capture does not result in the risk of additional life, 
and
 

If capture is not possible, the animal will
transferred to a sanctuary. 

Any problem tigers in the forest working area will be captured
be shot. 


least one major river.
and transferred to a sanctuary area across at 


Capture will be by means of a portable box-trap. The capability to do
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this resides among men already employed by the Department. The

procedure may be upgraded (Seidensticker et al., 1974) as part of the
 
tiger ecology study.
 

Summary
 

You can create an organization, do research, declare regulations but
 
unless you can enforce those regulations you cannot manage your
 
resource. 
So is the importance of the Office of Law En:orcement.
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Research
 

le do not know how many monkeys, 
deer, or tigers live in the
 

Even if we did endeavour to 
find out with a high degree 

of
 
Sundarbans. 

precision it would be outlandishly expensive 

and there is not much we
 

could do with the figures obtained. 
Proclamations of the number of
 

nimals over large areas are not 
something upon which you can 

base a
 

Rather, we must seek to develop 
predictive powers
 

snagement programme. 


through studies of ecological 
processes including population 

dynamics,
 

animal-habitat relationships, 
predator-prey interactions.
 

There are two fundamental levels 
at which maragement of wildlife 

is
 

We are working at
 
on the population and/or on the 

habitat. 

directed: 

the population level when we 

protect a species from hunting 
or set

simple
 
harvest rater. 
 Establishing food plants and putting 

out salt are 


While wildlife management as such 
is new
 

habitat management techniques. 
 We can draw on a large
 
in Bangladesh, we need not start 

from scratch. 


body of general theory. Research on large mammals of South 
Asia is far
 

a number of useful studies have 
been
 

behind that in Africa, but 
 And
 
completed (smnmarized in Eisenberg 

and Seidensticker, 1976). 

The immediate
 

headway has been made in perfecting 
research methods. 


research challenge in this programme 
is In understanding and overcoming
 

impact of a unique environmental 
regime.


the 


In the initial research programme, 
subordinate'will be a whole area 

of
 

the factors
 
investigation important to wildlife 

and forester alike: 


that govern the species distribution, 
structure, and phenology of
 

this is a
 
Our reasons for doing so are three: 
Sundarbans vegetation. 


complex area of research; the problem is confounded by the 
Lnvironmental
 

impact of Farakka; and other agencies, such as BWDB, 
have embarked on
 

Our goal here is to select
 
investigations that will provide 

basic data. 


studies which do not duplicate or 
demand unreasonable sophistication,
 

some immediate answers and provide 
the foundations
 

studies that provide 


for further work.
 

research programme into basic studies 
and
 

We have structured the 

They differ mainly in theoretical 

knowledge requirei
 
detailed studies. 


to carry them out and, in some instances, 
the sophistication of field
 

(But remember that a pair of binoculars 
and a
 

techniques needed. 
 some of the most
 
spotting scope were the research 

tools used in 

The
 

enlightening wildlife studies published 
in the last ten years.) 


These projects
 
basic studies are investigations in applied ma,.agement. 


level can carry them out with
 
are such that a motivated man at the 

H.SL. 


The overall Programme must have 
theoretical support which
 

aplomb. This we take up under
 
requires advanced considera'ion and 

training. 


detailed studies.
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Basic Studies
 

- Literature Survey: 

The first task of the Research Officer must be to gather the pertinent
scientific literature. 
The texts by Odum (1971), Wilson (1975), and
Hueller-Dombois and Ellenberg (1970) provide the theoretical
background. The technical manual prepared by the Wildlife Society(Schemnitz, 1980) gives the basics in methodology. Clark's (1974) andOdum'a (1976) handbooks describe general environmental problems in thecoastal zone. 
 There is an extensive literature on mangroves and the
coastal zone in general (Lugo and Snedaker, 1974). A large body ofreports dealing with the Sundarbans and connecting systems has beencomplied by the Bangladesh Water Development Board (BWDB, 1977), and wecan expect this literature to expand rapidly as a result of the
continuing studies of the impact of upstream diversion of Ganges water.
Without ready access to 
the existent literature, the Research Officer
would be working blind 
- a most undevirable situation  and little
 progress could be expected in fulfilling thia Programme objective.
 

- Inventory:
 

Lists of all vertebrate animals (excluding fish) with locality and
habitat(s) where they occur should be compfled. 
Collection of some
species may be required but done only under a carefully worked-out plan;
not on a haphazard basis. The Research Officer will embark on a

systemAtic collation of available literature and the invaluable
first-hand knowledge abut wildlife the 
Sundarbans Forest Department

staff and forest userc have developed over the years. 
 By using
questionnaire techniques and personal interviews, the distribution and
population status and trend of many species can be obtained
(Seidensticker, 1974), 
the locaticn of colony roosting and nesting sites
of the water birds mapped, etc. 
 From this, the Officer can plan
specific :urveys and detailed studies of key ecologic relarionships.
 

- Population Monitoring:
 

Monitoring activities will be confined, in the beginning, to water
birds, monkeys, deer, tigers, and crocodiles, but the inventory may
indicate other species deserving priority attention. The inventory will
provide the 
basis for planning the monitoring programme.
 

For colony nesting and roosting water birds, a systematic record of the
numbers using different sites through the 
seasons of the year will be
 
required.
 

The inventory v.ll indicate areas where crocodiles are most numerous and
indicate seasor,± distribution patterns. 
Density estimates (No./km. of
shore line) and distribution as per size class should be obtrlaed along

sample rivers through the year.
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Census techniques most suitable for deer and monkeys will have to be
 

tested. A number of methods are available but will differ with species
 

involved (Eisenberg and Thorington, 1973). Any procedure employed
 
The Wildlife Society
should be founded on statistical sampling theory. 


The publications
text (Schemnitz, 1980) would be the guiding reference. 


by Schaller (1967), Eisenberg 	(1970, 1972), and Seidensticker (1976b)
 
the papers by Green (1978, 1981) and
should be consulted for deer; 
 Great
 

the selection of census techniques to assure

Eisenberg (1981) are useful for census techniques for monkeys. 


care should be given to 

they will yield reliable data 	and are employable with available 

manpower.
 

When methods have been adopted, study sites of proper sizes and
 

configurations will nave to be established in areas of widely varying
 

environmental conditions salinity, fresh water flush, forest
-

the sea face, fresh water, and 	population
composition, proximity Lo 


centers, etc. - for determining densities, population structure and
 
Indices of tiger
habitat utilization patterns of deer and monkeys. 


distribution and habitat utilization can also be obtained using 
the
 

study sites but more detailed information requires employment of
 

sophisticated techniques (see detailed studies).
 

- Habitat Improvement and 	Disturbance Studies:
 

When the monitoring programme is eatablished, work can commence on the
 

impacts, positive and negative, of forestry and other extraztive
 

activities. Using the methods developed, before - during - after
 
The major question is:
assessments of working areas can be made. How
 

do selected species respond to different stages in the forest working
 

Response would be measured in the short- and long-term. How are
cycle? 

influenced? What are
habitat utilization patterns and animal movements 


Forest
the long-term impacts on population structure and density? 

an excellent opportunity to investigate fundamental
operations provide 


factors affecting habitat suitability.
 

Concurrently, experiments can 	be designed and carried out to test the
 

influence of habitat enrichment activities such as tha provision of
 

fresh water and food plants in selected areas.
 

- Food Habit Studies:
 

Men working in the Sundarbans ha,,e a general idea what the deer and the
 

monkeys are eating but this must be subjected to systematic and careful
 

observation. Direct systematic obsirvations would provide a great deal
 

of useful information. Observation procedures are well described in
 

numerous publications (see Schemnitz, 1980).
 

Case Studies of Wildlife Problems:
 

We must get to the roots of man-killing by Sundarbans tigers. Every
 

case must be carefully investigated by the Research Officer and all
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aspects documented. Hendrich,' (1975) analysis provides an important
 
conceptual contribution. His analytical procedure, essentially a matrix 
analysis, should be further refined. It is a complex issue and accurate
 
case studies will be a decisive element in finding a solution.
 

- Assessment of the Impact of Cyclones on Wildlife:
 

Though irregular, cyclones are a major force in the Sundarbans
 
environment and their impact on wildlife populations should be
 
documented whenever possible (Craighead, 1964; Foster, 1980). There are
 
two approaches: The tracks of old cyclones are well-known and damage
 
and recovery along these tracks can be investigated. Second, the impact
 
of new storms can be followed. Study would commence immediately after
 
the storm and periodic assessment would continue unil habitat conditions
 
normalize. This will take years. The major questions would include:
 
What intensity of stom results in wildlife mortality and what species
 
are most affected? How do storms affect habitat suitability? What is
 
recovery time? What are the key processes affecting recovery?
 

- Reintroduction Programme:
 

There have been suggestions that species once present in the Sundarbans
 
fauna should be reintroduced - the gaur, swamp deer, wild water buffalo, 
and Javai rhino. It is the opinion of J. S. that long ago the habitats
 
these species need in the Sundarbans region were put into agricultural
 
production. Attempts to reintroduce them would be ill-advised.
 

The technology required to carry out these projects on the ground has
 
purposely been kept basic: scales, tas measures, binoculars, spotting
 
scopes, pocket calculators and cameras. The most difficult problem, of
 
course, is one of logistics. We concur with Hendriche' (1975)
 
assessment that a launch with living space, a speed boat for quick
 
movements, and a dinghy to navigate the khals and small channels are
 
required.
 

All these studies will benefit from the availability in Bangladesh of an
 
advanced capability to analyse LANDSAT data. It is not possible to
 
judge the total impact that the LANDSAT capability could have on the
 
Research Programme because so many potential areas of use remain to be
 
explored. But we think that optimally utillred, t!,e Wildlife Research
 
Programme can advance in a short period to a level of sophistication
 
that would otherwise perhaps never be achieved.
 

Detailed Studies
 

Within the first seven-year plan, two detailed studies should be
 
encouraged: The ecology of the tiger and the ecology of the crodocile
 
(Crocodilus porosus). These are 'red sheet' species in IUCN's Red Data
 
Books of Endangered Species. These predators are at the tops oT-th ir 
respective food pyramids and particularly sensitive to environmental
 
disturbance.
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These studies will have to be cooperative efforts between Bangladesh
 
scientists and students and outside ecologists. The invited scientists
 
should be Ph.D. level with considerable field experience with their
 
respective species in Asia. These studies, of two years duration each,
 
will require the employment of modern field techniques such as
 
capture-mark-recapture and the use of radio-telemetry. In addition to
 
supplying the basic data needed to assure the survival of these
 
endangered species, a primary objective will be to provide training to
 
students who will later be able to carry out studies of similar
 
sophistication on their own. Prearing the research plan will be the
 
responsibility of the Visiting Scientist in consultation with the Policy
 
Committee and IUCN's Survival Service Commission. Funds to carry out
 
these projects will come from outside sources.
 

Coordination
 

A detailed proposal must be prepared by the Survey and Research Section
 
for each project to be undertaken (Cowan and Holloway, 1974). The
 
objectives, procedure, time-frame, review of relevant literature, and
 
manpower requirements should be included. The Wildlife Superintendent
 
will review manpower needs and attach a statement of manpower
 
availability. Approval by the Manager, and in some cases the Policy
 
Committee, will be required before implementation.
 

A gencral progress report of the results obtained from ongoing
 
investigations with estimates of manpower ceeds will be prepared every
 
six months. When an investigation is completed, as per terms approved
 
in the proposal, a project summary will be prepared. In addition to an
 
analysis of results, each summary will contain an assessment of
 
management implications. On the basis of the simmaries, the Survey and
 
Research Section will prepare recommendations for management action for
 
the MH.ager and the Policy Committee.
 

Proposals for the detailed studies will be coordinated through the
 
Policy Committee. Support facilities are a major limiting factor and a
 
priority protocol will be established by the Manager in consultation
 
with his staff.
 

Many wildlife species are sensitive indicators or change in the
 
environment, and as such, the results of the research projects will be
 
of value in the ongoing assessment of the impact of upstream diversion
 
of Ganges water. Developing open lines of communication and cooperation
 
with this programme would be of great mutual benefit and should be
 
encouraged (BWDB, 1977).
 

104
 



Visitor Use
 

It has so much to offer - beaches that go on and on; scattered groups of
 
spotted deer feeding on sea face meadows morning and evening; miles and
 
miles of intriguing waterways; birds, hundreds of water birds wherever
 
you go; the chance to see a big predator, a crocodile on a mud bank at
 
low tide, a tiger resting in the water of a small khal at mid-day. The
 
Sundarbans is one of the World's great wild places. The opportunity to
 
have visited here is a long remembered privilege.
 

Mass tourism i:,not appropriate (C. HcDougal, personal communication,
 
1981). But there are a large number of people with an interest in
 
unspoiled wild places who would welcome the chance to visit the
 
Sundarbans if the opportunity were available.
 

Programme Guidelines
 

Visitor use:
 

- To encourage visitor use for the primary purpose of enjoyment of 
nature, subject to the overriding goal of maintaining the health 
of the resource and the ecological integrity of the area; 

- To facilitate wildlife viewing and photography and other 
recreational activities subject to conservation goals and the 
safety of the visitor; 

- To discourage recreation activities likely to cause environmental 
discurbance or place the visitor's safety in question; 

- To direct and control use to assure 
visitor at all times. 

the absolute safety of the 

Interpretation:
 

- To explain to visitors the history, purpose, and values of this 
area of the coastal zone and the significance of its unique flora
 
and fauna in the context of Bangladesh's overall conservation
 
programme;
 

- To help visitors see the maximum possible diversity of flora and 
fauna and to help them understand what they are seeing in an
 
ecological context.
 

A Tourism Development Scenario
 

1. The Section Heads prepare a working paper: "Tourism Potential and
 
Use Limitations in the Sundarbans Forest Division." Features of
 
historic value, cultural value, scenic value, recreational value,
 
wildlife value, and unique ecological associations are mapped.
 
Characteristics, access and use limitations and needs to overcome
 
these are described.
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2. 	 With this document the BPC, in consultation vith the Public
 
Relations Officer, prepares a working paper outlining a range of
 
viewing agendas and details of infrastructure and financial input
 
required for the implementation of each.
 

3. 	 A Phase I detailed plan is prepared for a series of three to six
 
day tour excursions for ten to twenty people to high value areas.
 
In Phase I, capital investment is minimized; the use of available
 
facilities maximized. A survey of launch availability and
 
capacity is made. Minor infrastructure requirements are assessed
 
and designs rendered. Costing is completed.
 

4. 	 A programme announcement for the following season is circulated to
 
agencies specializing in wildlife tours for groups. Of particular
 
interest are those already offering wildlife related tours to the
 
Subcontinent that could add the Sundarbans to their agenda. Funds
 
are secured for the infrastructure developments required. Guides
 
are recruited and work with the Wildlife Management Programme to
 
gain practical knowledge of the Sundarbins. An interpretation
 
programme is planned by the Public Relations Officer.
 

5. 	 On the basis of the response to the announcement, a schedule is
 
prepared. Launch and ground transport Is chartered. The
 
infrastructure required is constructed -machans for watching and
 
photographing deer, walkways for viewing water bird nesting areas,
 
etc. Interpretative materials are Drepared. Hotel and airline
 
accommodations In Bangladesh are booked.
 

6. 	 The first groups arrive and the tours -re conducted, accompanied
 
by the Programme Section Heads and senior BPC personnel. Groups
 
are questioned regarding suggestions for improvements. Senior
 
staff hold 'skull sessions' to work out ways for smoothing and
 
improving the operation.
 

7. 	 Groups continue to arrive as per schedule. Phase II planning with
 
broader Infrastructure base and more flexible offerings is
 
prepared.
 

This Is but one of many possible scenarios for tourism development but
 
the elements essential to any are included here: a well-planned,
 
go-slow philosophy; the coordination between the BPC and the Wildlife
 
Management Programme with the division of function as per area of
 
expertise; careful capital investment always taking full advantage of
 
existing facilities.
 

Investment from private sources might be sought in later phases of
 
development. Or at any stage, even as early as No. 4 above, operations
 
might he turned over to the private sector. The programme would always
 
remain under the control of the Government agencies involved to assure
 
that the guidelines are met.
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Public Information
 

No matter how veil-conceived a conservation effort may be, the power of
 
public opinion can decide the fate of an area and its wildlife. Publid,
 
information is an essential programme element. 
 j
 

A public relation programme requires a professional'a knowledge. It i

recommended that a specialist in conservjtion education from the World
 
Wildlife Fund be invited to Bangladesh to work with the Public Relatioa!
 
Officer for three, tvo-month periods in the first, third and fifth
 
ycars. In the first year period, a detailed master plan and the basic

educational materials would be prepared; in the third and fifth, an
 
assessment of progress and needs would be followed by an infusion of nal

materials and more sophisticated techniques. In this document we offer
 
only the broad programme outline.
 

Optimal impact with a small budget can be achieved through the elegance

of simplicity - careful selection of target audiencej and themes and
 
design of materials and methods of presentation.
 

The Audience
 

Different segments of soc'ety will have different interests in
a
 
specific conservation effort, or indeed, in conservation in general.

The information programme must be so designed. 
Societal elements can be
 
grouped according to general unifying characteristics - age, educational
 
background, proximity to the area in question, urban or rural,
 
government: decision-making, control, exploitation, and so on. 
In
 
planning the approach for each group, consideration must be given to
 
cost/time effectiveness and priority. Nov, five discreet, priority

audiences can be identjfied:
 

- People Involved in extractive industries in the Sundarbans; 

- Tourists, a special interest group; 

- Urban school children and rural school children in the area; 

- Government agencies concerned in planning and in the production 
and control of resource utilization; 

- Public groups with special interests in conservation. 

And of course, the public at large.
 

Themes
 

You do not ipart information on a haphazard basis and expect to
 
communicate with your audience. 
First, there Is the need to understand
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what your audience wants and needs to know about the programme c..d 
there
 

isthe need to impart this information in its most useful form. 
This
 

entails selection of relevant themes and distilling the 
information to
 

For

be imparted. You dispense with the jargon and get to the point. 


this programme, important themes would include:
 

resource
- The preservation/conservation/utilization concept in 


management;
 

- The coastal zone: ecology, valueu and vulnerability;
 

- Conservation policy and law with wildlife as one element In the 

system as a whole; 

The need for and the purpose of the Sundarbans Wildlife Management
 

Programme;
 
-

- Ecologic principles for economic development.
 

Special issues will arise and will have to be dealt with as
 

circumstances dictate but most issues can be anticipated and so dealt
 

with. The guiding principle: Avoid attention-diverting trivia and go
 

for the core of each issue.
 

Design, Materials, Methods
 

So much can be done with the simplest of materials - letters, pamphlets,
 

posters, sign boards, and personal contacts. Necessary, but 
more
 

To focus
 
complicated, are teaching units for schools and short films. 


attention on certain issues and to impart information to the 
public in
 

general, there are newspaper ado and open letters and radio, television,
 

and movie spots.
 

a two-way street. The design of materials is of
Information transfer is 
 impart

particular importance because as much as serving to facilitate 

to 


Information, the materials present the image, understanding, 
and
 

determination of the staff in their mission.
 

The Staff
 

Public information doesn't stop with the Public Information 
and Visitor
 

Each member of the staff is constantly communicating
Service Section. 

about the Programme to the people with whom he is in contact. The
 

Programme's image is presented through manner and dress and the way the
 

This is true for boatman and section heads alike.
Job is viewed. 


The Research Section looks after research and the Law 
Enforcement
 

Section looks after protection. As the organization develops,
 

communication becomes more difficult especially when the 
area of
 

108
 



operation covers more than a half million ha of mangroves and
 
waterways. There is an urgent need to keep all personnel informed about
 
what is going on and why. Internal communication can be facilitated by
 
regular meetings with all the staff and an in-house newsletter. This is
 
the responsibility of the Information Section. When your boatmen can
 
tell you what "we" are doing now and why we need to do it and what it
 
means for the People of Bangladesh you have your operation together.
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Fccilities and Equipment
 

Where there have been specialized equipment needs, these have been
 
indicated in the detailed prescriptions.
 

Transport
 

- Vehicles 

The Manager (D.F.O.) has transport. For the Wildlife Superintendent - a
 
jeep, the Public Information section - a van, and the Research Section 
a motor cycle will facilitate the work.
 

- Boats 

More than half the Programme budget is required to provide the means of
 
working in the Sundarbans. Without the hoats, nothing moves. Two large
 
launcher - one for Research and one to oversee operations, and one
 
medium launch for protection activities are prescribed. The Manager,
 
again, has his own transport. The Public Information personnel will use
 
the launches of the other sections as need and availability dictate.
 

Each Protection Team and each launch will be supplied with a speedboat
 
with two 50 h.p. outboards (one in reserve). Each Protection Team
 
requires one 'country' boat and two dinghies to navigate the small
 
khals. One water boat is required per three Protection Teams to assure
 
a constant supply of fresh water and supplies.
 

One driver will be assigned to each speedboat. He will make minor
 
repairs; major repairs will be done by the mechanic stationed in
 
Khulna. Boatmen are required for the operation of the 'country' boats,
 
water boats, and dinghies.
 

Communications
 

A radio-telephone network is required to coordinate Programme activities
 
over the vast reaches of the Sundarbans Forest. The Forest Department's
 
radio equipment was taken for use In the War but replacement is planned
 
soon. The Wildlife Management Programme would be a part of the overall
 
Forest radio network.
 

Radio-telephones will be located at each Protection Station, on each
 
launch, and at the Khulna office. One radio operator is required for
 
Khulna. Members of the launch crews, the protection teams and all upper
 
level staff will receive the training required to operate the equipment
 
and make minor repairs. The radio operator will be responsible for
 
developing and maintaining the contact schedule; he will make most major
 
repairs.
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Facilities
 

- At Khulna: 

Office space and staff living quarters must be constructed at Fhulna.

Shop space for the mechanic will be provided in existing Forest

Department facilities. 
 In the first year of the Progr= , land will be

purchased and building designs rendered. Co.2tructlon will be completed

by the second year. 
The staff will be located in rented quarters until'
 
construction is complete. Provisions are made in the budget for office:
 
furnishtngs and equipment.
 

- Field Stations:
 

Nine Field Stations in the Sundarbans Forest will be constructed, each
 
consisting of a Sr. Wildlife Scout's quarters-cum-office, Jr. Wildlife

Scouts' barracks, and barracks for boatmen and speedboat drivir. The
Wildlife Supervisor will establish his base at one field station. 
One
 
field station will be located in each sanctuary area. Sites for thn
other six will be selected after a survey by the tectlon heads and the

Hanager. All will be constructed in the first year.
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GLOSSARY
 

This glossary adapted from Choudhury (1968) contains the local
 
Local plant


names we have used throughout the text of this report. 


names are listed in Table 7.
 

bharani a wood cutter 

bil a damp or water covered depression; a pond 

bund a dike or embankment 

char a shoal or bank of mud or sand. It also means land without 

tree growth which is below the usual high tide lvel.
 

a medium sized water channel of about 100-400 
m in width.
 

gaMg 
Owing to continual scouring or silting the term is often 

used
 

with proper names of channels that are smaller and larger 
than
 

this.
 

khal a small sized water channel. Generally this term is used for
 

in gang it may be
all channels of less than about 100 m but as 


included as part of a proper name when the channel is 
larger.
 

nadi a big river. As with a gan or khal, it may be used as part
 

now a much smaller stream.
of the proper name of what is 
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