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CHAPTER 1

CONCLUSIONS

This Chapter summarises the main points of relevance to the development of FCD interventions, and
~ suggests a number of mitigation and enhancement options which may be applied.

1.1 Ecological Implications of Water Quality Variables Measured in this.Study
1.1.1  Toxicology

No significant levels of any common toxins weére detected in this Study, but they are reported to be
locally significant near industrial units in Gaibandha and Bogra. Similarly, in the field and. DoE
archive studies carried out for the Jamuna Bridge Impact Assessment (GHK/MRM, 1991), water

- quality data for the Buriganga River downstream of the worst sources of industrial effluent from the
Dhaka industrial areas did not demonstrate any significant toxic threat to fish even at the end of the
dry season when conditions are at their worst. '

The water available for exploitation in the Region is generally of good chemical quality, although its
low hardness provides only weak buffering capacity. The calcium in hard water is 2 good general
antagonist of many toxic poliutants when they are dissolved in water, and its low concentration in
Jamuna water means that any toxic materials dissolved in the water will exert detectable effects at
fairly low concentrations. Many fish larvae and fry are particularly sensitive to toxins, and water
quality standards aimed at protecting fish and other aquatic life should reflect the low hardness of the
water supplies. ' '

1.1.2 ‘Bacterial Contamination

The bacterial ‘quality of many. surface water supplies is unsatisfactory, and is a major cause of
diarrhocal disease outbreaks. Without adequate sanitation development, this situation cannot be
expected to improve. The lack of appreciation of the risks of contaminated water to human health
requires attention. '

The chemical standards set for drinking water are in some cases irrelevant - for example the minimum

~ value set for dissolved oxygen (6mg/l) would preclude every tubewell source tested in this Study,
despite their being generaily the best quality water available in the Region, Groundwater, particuiarly
that from deep tubewells, represents the safest source of supply for hurman consumption. Shallow
- tubewells, especially hand-operated units, are often constructed with inadequate sealing around the

- wetlhead, and this permits contamination of the adjacent zone of the aquifer by downward seepage
 of contaminated water from the surface.

- 1.1.3° odine Deficiency Syndromg '

- The low level of iodine in all water sources is responsible for the widespread incidence of iodine
deficiency syndrome and the high incidence of cretinism in some areas. However, the uneven intensity
of the'pr'obler_n suggests that there may be some plant resource which is capable of accumulating
iodine, and some effort should be made to investigate this in view of the administrative problems of .
distributing iodised salt to the more isolated parts of the Region.
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L2, Water Quaiity.and Aquatic Productivity
1.2.1 Turb:dlty as a Md_;m' Env:mnmenta} Constramt

The most SIgmﬁcant factor controihng primary aquatxc productivity is light penetration into the water.

The heavy silt loads of the principal rivers throughout the year, and of the more mobile tlood waters
during the flood season, severely limit energy capture in the aquatic habitats, and most of the energy
available to aquatic organisms is derived trom energy captured by terrestrial plant photosyntha,ms
during the dry season.

122 -OIXygen Conéentrations

In the surface waters, oxygen concentrations are rarely low enough to presem any threat to fish. and.
~-other aquatic organisms. In standing waters phytopiankton provide a biological source of oxygen
during the dry season, but this process fails in all except the most sheltered waters durmg the wet
season. However, ‘the high tevels of dissolved axygen in the rivers, even when they are carrying most
silt and therefore incapable of supporting phytoplankton, indicate that turbulent flow and surface
“absorption are sufficient to ensure full oxygen satration at all times., :

1.2.3 Nutrién't _Avhil'ab-ilily and Phytoplankton Growth

Plant nutriém levets.in the surface waters are adequate for phy:toplankton growth, and silica levels are
high enough to permit- strong growths of the Bacillariophyceae (Diatoms) which compete with the
Cyanophyceae (‘Blue- -green algae’) mare effemvely under these L.Ol'ldltlﬂns

‘However; in standmg waters phytopiankton nutrients are raptdly absorbed, and Cyanophyceae
frequently become dominant. It is possible that some fish mortalities reported during the dry season
may in fact be due -to phytotoxin produced ocmsnondily by the Cyanophyceae rather than to
unspemtled poliution by industrial and agrochemicals as is widety alleged.

.__FCD interven’tions are unlikely to have any sxgnittcant etfect on surface water oxygenation, since
reducing current flows permits the development of phytoplankton, which form an aiternative source
of supply for aquatic organisms.

1.3 Soil Bloiogy

- 1.3.1 Energy Eff‘uency of Resndue Recyt,img

There isa cyc!u, alternatlon in blOLhemlLaI oxidation in the soil, as water saturation during the tlood
season reduces oxygen availability. During the dry season, organic residues are recycled by the

energy-efﬁcsent process of ‘aerobic oxidation, whereas when soils are flooded thie process is cacried
out by the very much less ef'f' cient anaeroblc olycolyms

13. I Nltrogen F'xatmn

The activities of nitrogen ﬁxatmn by the Rhizoblum - Iegume symblos;ls are’ suspendbd durmg the
fioods,’ althcugh the poor representauon ot the Legummous on the ﬂoodldnd‘; means that this loss is

probably not very significant.
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1.3.2 Impaets of FCD on Highland Resource Availability

Increased soil water levels in the hlghlands may inhibit the ability of many trees to absorb nutrients,
a process’ promoted by the fungae-tree association. FCD interventions which reduce the water-table
in highland areas therefore have the potential to improve the nutrition of trees, which prowde the
most important ranges of natural resources for rural people.

133 Nitrogen Fixation on the Floodlands During the Flood Season

The fixation of atmospheric nitrogen by terrestrial plants is replaced by the same process carried out
by submerged Cyanophyceae in the plankton and by floating commensal (usually Pteridophyte - ferns)
during the floods. The contribution from such sources is probably of the order of 35-50 kg/ha of
nitrogen,’ which is incorporated into the soil as the flood waters recede. This source is particularly
valuable, since it is a ‘slow release’ fertiliser, and theréfore equivalent to several times its nominal
. weight of artificial chemical fertilisers which are subject to rapid leaching. However, the full potential
for using these brologlcal nitrogen sources is substantially higher than the current agrrcultural practices
- allow,

1.3.4 . The Role of Fish in Agriculture

' When the land is ﬂooded the fish prowde an alternative hlgh efficiency energy recovery and
recycling pathway, since they are able'to employ oxidative processes because they extract oxygen
from the water for their metabolism.

The wastes _ejected by the fish during their growth on the. floodlands are recycled by the
phytoplankton, including the Cyanophyceae, and are therefore made available to the terrestrial plants
once the flood waters recede and the algae die and become incorporated into the soil. So the floodland
‘energetics are maximised in efficiency by the semi-annual rotation of alternative chemical processes.

L 3.5 FCD Interventions and Soil Bio]cgy

' FCD interventions have the potentlal to affect soil biology because they alter the balance between the
two groups of processes which alternate through the annual inundation cycle. The present semi-natural
system relies to a considerable degree on the aquatic components, and FCD interventions whrch cause
an increase in the length of time that the soils remain unsaturated each year will certainly cause a

“reduction in nitrogen fixation. This represents a major cost to the agricultural. sector, since this

. nitrogen is another of the ‘free goods’ of the floodplain which will need to be replaceci by traded

goods if the natural cycle is disturbed. .

| 1.3. 6 The Need for “Nitrogen Harvaitlng by the Agr:cultural Sector-Enhancement of the
Efﬁclency of Agricuiture _ :

'Only the adoptron of active policies of mtrogen harvestmg by the Legummous as an integral part of
the agricultural system, in contrast to the present low level of dry season nitrogen fixation, will
-redress this loss with minimal cost, Indeed, the adoption of such nitrogen harvesting technology as
_ is already available elsewhere would be capable of producing a substantial improvement in the yields
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of a number of existing crops-Subba Row and others have quoted increases in rice yields of up to
50?{: from the adoption of Azolla-rice culture techniques. If these techniques are adopted in
conjunction with FCD interventions, then a positive benefit to soil productivity may be available.

14, ‘The Majoi- Terrestrial Habitats,
1.4.1  Crop Lands

The croplands are generally regarded as the most important areas in Bangladesh, and it is correct to
attribute the ‘highest economic values to them, From an ecological viewpoint, however, they are
almost barren, with extremely low species diversity and abundance values. The field margins provide
facilities for a surprisingly wide range of plants and animals, and the small field sizes undoubtedly
. plays an important part in the maintenance of some diversity across the agricultural lands as a whole.

The adoption of a more enlightened approach to intercropping, especially with nitrogen fixing species,
would greatly improve leBISIty, with a number of benef' ts. :

' Intercroppmg with lhese species does not necessarlly reduce crop ylelds becduse over a number of
years both the’ soil nitrogen reéserve and the soil structure improve. In addition, the intercrop spec:es
can be usedf as high food value fodders for livestock, a factor of considerable importance in
maintaining draft power capacity on the farms. :

The increase in dwers:ty also promotes pest management, since a more dlverse field system will
support more spemes which are able to predate crop pests.

1. 4 2 The nghland Habltats as Centr&e Of Dlversny

The vast majorlty of the natural resources of the Reglon are centred on the hlghlands Floral species
diversity is far higher in these habitats, and it is notable that the most common forms of dominant
species have a large number of uses. The importance of these resouirces almost certainly exceeds in
value even the fish resources of the floodlands for poor people, since they provide shelter, food,
' materlals for earning money from craft work, and free medicines as well. -

The’ ﬂoral dwersnty promotes a comparatively h:gh ammal dwersny, and it is notu.eabie that a very

‘large number of the birds which are common in the hlghland homestead areas feed pnncapaily on
insects. The highland homesteads therefore represent a major refuge for crop pest control speCtes The
lack of investigation of insect species precludes speculation of the role of these habitats in providing
" refuges for those insects which also help to control insect crop pest species.

143 FCD lnterven!mns and the l)wersnty of nghhnds
‘FCD mtervenhons may potennally encourage the preservatlon of the floral and animal dwelsnty in
the highlands by reducing high water-tables in the flood season. This will enhance the growth of the

trees which form the dominant group in the highland habitats, and so lmplove the resource availability
of those species wh;ch rely on them. -
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_ 14 4 Embankments

_ The emhankments are floodland habitats which have some of the characteristics of highland. It is
therefore not surprising that they have a diverse blologlcal community. They act as refuges for people
and animals alike during floods, and this may result in some conflict for space and resources which
ftequently IS to the detnment to some human mdmduals who may fal! victim to venomous snakes.

However the role of the snakes in controllmg the mdmmallan commensals of man, such as the mice-
and bandicoots, should not be overlooked. Since some smail mammals can act as vectors for serious
human diseases, snakes should be seen as playing a positive role in the regulation of public health
hazards, despite the manifest hazard associated with a few species. (It is worth emphasising that the
majority of snakes recorded in this Study were not venomous).

~ The embankments serve as important linear habitats and are major dispersal -corridors for many
species, some of which may be reservoirs of infection of diseases which affect humans. They are also
important as dispersal routes for the agents of some contagious human and -animal diseases. They
provide shelter - often the only shelter - amongst the open and generally treeless fields of the
floodland for the wild birds which feed on insects which may at times become crop pests.

1'45 Beels

The 1mportance of the beels does not he in their convennonal role as wetland reserves for wildfowl,

‘but as dry-season refuges for the floodfand fish. The preservation of the fi sh stocks, which should be
a matter of international concern, demands that the present network of beels and river channels should
be mamtamed and the fish sheltering in them protected by sound and effective management policies,

to ensure that their access to their essential energy source, the floodland, is continued. In FCD terms,

this means that compartmentahsatxon centred on the major beel complexes but allowing some access
to the river channeis as well is the correct approach to the management of the fish stocks of the
Region.

1.4.6 Fish Fry Dnstnhuhon

The lmportance of the timing of access by spawning fish and planktomc fry to Lhe floodplain has
already been described in relation to the longitudinal fish migrants - mainly the major carps (Cross,
©1992), and FCD planning for providing such access is already beginning.to appear. However, it is
- important to realise.that the peaks of abundance of fry in the river waters may only extend for two
or at most three days at a time, Access to a large area of the floodiand by fry in such a shost period
"“can only be ‘achieved by allowing large volumes of water to move across the tloodlands in this short
period. Structures which attempt to concentrate fry in small volumes of water will aimost certainly
-result in increased- predatlon by larger fish, as well as intensification of the already excessive fry

' harvestmg by man,

In addition to these’ problems, the post Iarvai fry need to gain access to the feeding grounds within
~a very short time of using up their yolk supply, since there is no food supply available to them in‘the
rivers. The only source of the essential high-protein foods (zooplankton) is the more sheltered beels.

'Any delay in their gaining access to these waters will cause substantial mortalities, an eventuality to

. ‘be particularly avoided since fry numbers are already in.very serious decline in the Region, and

indeed over almost alt the country. FCD structures designed for fry access facilities therefore must
not delay access to the floodland, since the fish are at a very critical time in their life cycle, and even
_ apparently short delays will be fatal to many.
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1.4.7 The Char Lands

The charlands are the most ecologically diverse of the floodland and lowland habitats, but show the
lowest resource potential for human occupancy and.colonisation. There is a distinct pioneer plant
assembly, the dominant members of which are generally either noxious to grazing animals or
extremely small and compact to reduce drag during the floods. Despite the general attraction of the
lowland river channels and charlands for water-living birds, the Bangladesh charlands are very
sparsely inhabited by wild birds of all kinds, and cannot be regarded as major wild bird or wildfowl
habitats. There are therefore no significant comervanon issues which are of specific relevance to FCD
mtervennons

:1.'5. Energetits and the Ecology of the Floodland Fish Stocks

In the Jamuna and Teesta Rivers, young fish in their first year after hatching (year—class 0-+) fish play
an -important role in the transfer of chemical energy contained in organic residues on the floodplain
at the end of one dry scason to the aquatic environments at the stact of the next. The anomalously
high fish species diversity is a result of niche spemahsatlon for exploiting terrestrial energy sources,
rather than very small niche hypervolumes in the dry~season river ecosystem,

L6. The Use of Hydraullc Modellmg in Floodland Ecology

The MIKEII hydrauhc model is an mdlspensable tool in predactmg the 1mpacts of FCD interventions
on many ecological processes and relationships on the floodplain. Modelling of the predicted impacts
of flood conirol interventions using the General Model has indicated that synchronicity between over-
bank flooding and the peak of fish fry recruitment potential is an essential relationship in maintaining
the integrity of the energetics of the floodplain ecosystem. Its use in associated fields, such as public
health and resource availability should be developed for future FCD and associated developments
throughout the inundation-prone areas of the country.
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CHA}’TER 2

BACKGROUND

2.1 Iﬁtroducti_on'

This Chapter provides a broad general background to the Feological Survey, and a framework for
- approaching the analysis of the ecological data.

2.1.1 - The Appreciation of Ecological Processes in Bangladesh

Whilst there are a considerable number of ecological studies being undertaken in Bangladesh, aimost
all are devoted to investigations of the details of specific processes relevant to branches of pure and
applied botany and zoology. In the North West Region as a whole; ecological processes appear not.
to have been studied even at relatively superficial levels, and many papers in Journals such as that
produced by the University of Rajshahi Zoological Society are generally of a highly specialised
nature. : '

During 1991, studies were carried out by GHK/MRM and Hunting Technical Services on the possible
‘environmental impacts of constructing the Jamuna Bridge. This study revealed that thére is a
fundamental conflict of interests between the development: of agriculture in Bangladesh and the
" management of the floodplain fisheries. Subsequent development of the methodology initiated in that
study indicates an urgent need to overcome the current dichotomy between terrestrial and aquatic
ecology, and to develop 2 more integrated conceptual model to describe the relationships between the
floodplain aquatic and terrestrial habitats.

Within the Flood Action Plan itself, a number of studies are addressing the possible impacts of flood
control interventions on the agricultural and fisheries sectors, and FAP. 17 is specifically devoted to
“an examination of fish dynamics and related ecology. However, at the present time it is still true to
state that no wide-ranging ecological study of the ecology of the interior of Bangladesh is available
which would allow an integrated appraisal to be made of the full range of ecological impacts which
may arise from interventions in the future. o = :

" Many FAP studies have already cominéntgd"dn' the Tack of reliable and comprehensive ecological
- baseline information, and a number are beginning: to address this- constraint in limited areas and

. specific environmental fields. A large part of such efforts is rightly devoted to looking at the impacts

- of changes in the environment on the people who will be most affected by them - mostly poor people
with minimal or no land resources. o .

. But it is still clear that many of the present paradigms which educated specialists and consultants use
to describe the rural agricultural sector are unsatisfactory. Theé psychological motivation and rationale
* of survival strategics commonly adopted by people exposed to serious environmental risks are poorly

“or even completely unknown. So practices such as the deliberate and extremely laborious raising of

" the levels of small fields by human toil remain unexplained - it is quite obvious that such work is

regarded" ag a worthwhile investment by agricultural peoples, yet we do not understand the motivation
or economics of such practices. - o -

‘The same deﬁéieh_c_y is evident_ in many éhviron}nental studies, For exémple, it has been repeatedly
claimed that the poorly-controlled use of pesticides is a major- problem in Bangladesh, and that
“together with fertilisers they represent a substantial environmental threat, especially to the

groundwaters from which so many people derive their drinking water supplies. Yet there are no data
on which such claims can be either supported or rejected. -
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Similarly, it is widely supposed that reduced yields of floodplain fish after intervention can be
calculated by adjusting the previous yields downwards in proportlon to the area of floodplain which
will no longer flood. Such assumptions are without foundation, since they equate production directly
with the extent of intérvention, and demonstrate no regard to; or understanding of, the basic processes
by which fish arrive on the ﬂoodplam or achieve their often spectacular growth.

2.2 Limitetions on Ecological Re;'earch in the FAP2 Study

In ecological terms the ﬂoodp[arn in the North West Regron is a[most totally domlmted by human
activities, and for all pracncai purposes there is little ‘natural ecology left. The scarcity of bird life
nakes an immediate impression on fi eld excursions into the rural areas of the. ‘Region, and in many
areas only tiny relict patches of uncultivated wild land remain, often visible' as corispicuous and
incongruous features in an otherwise uniform landscape.. These fiow form refuges for individuals of
species which were once far more widely distributed and undoubtedly more common, in the days
before man converted the former ﬂoodplain forests and grasslands to ever—ihtensifying agriculture,

In this study, therefore, methodologres have been adopted wlnch provide a ﬁrst general description
of the broad ecologrcal relationshlps between wildlife and man. Since human population pressures are
so heavy and the region is subject periodically to substantial environmental threats, the study is
directed at identifying the principal links between man, wildlife-and the major types of habitat. The
methodologles adopted resemble those used in Rapid ‘Rural Appraisal (RRA), relying on obtaining
a wide range of ecological data on a ‘snapshot’ basis. Followmg changes in processes and populations
over an extended period of time has not been possible - instead, large amounts of field data have been
assembled and screened to pick out patterns and general relationships. Inevitably, many subtle
relationships will be missed, and in the final analysis the process relies heavily on the eXperlence of
the team involved.

2.3 'Fu.ncti:enai Ecology

A major concern of this study has been the eluc1datlon of the functional er.ology of the ﬂoodplam
system. Functional ecology deals with the undeérlying processes which link all ‘components of the
living landscape - plants, terrestrial animals of all kinds.including man, and the inhabitants of the
aquatic habitats, Past studies have been strongly compartmentalised, with most emphasis being placed .
on agriculture, rather less on fisheries, and remarkably little on human ecology. Indeed, in many
cases, all three sectors have been 1gnored more or less totally, in the rigid app!rcatlon of engineering
soiutrons for which the real problems have rarely been clearly defined.

Yet all three sectors are mtrmate]y linked by one fundamental relatmnshrp, that of energy transfer.
Energetics is the study of the ways in which energy is distributed through an-ecosystem “indeed, it
actually defines the extent of an ecosystem. Conventional environmental approaches would recoghise
 a‘terrestrial ecosyqtem and an aquatrc ecosystem’, and examine them separately But the Bangladesh
“floodplain is (or at least originally was) one single ecosystem, in which energy transfer processes
between the land and the water were of extreme’ rmportance {o both. :

Whllst the energeuc relatlonships between the terrestnal habitats and the river fish stocks have been
recently described by Cross (1992), the contmumg dependence of the terrestrial habitats on processes
“which are greatly influenced by the annual inundation cycle is still poorly recognised. In the lower
. reaches of the river system this relatronshrp is still’ appreciated, through the obvious dependence of
‘many. estuarine and marine species on the presence of the mangrove forests of the coastal fringe. Yet
the corresponding relationship between the aquatic. and terrestrial environment further inland has
become blurred, and is fargely assumed to be of llttle of no importance.
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2.4 Structurai Ecology and the Anthropocentne Approach

Once the funcnonal ecology of the region has been clarified, the structural ecology can be defined.

Structural ecology deals with the actual components of the ecosystem - the soils, water, animals,

plants and humans which make up the visible sector of the system. The present study aims to identity
the major groups of components which make up the more important sub-units of the floodplain
ecosystem, and to improve our understandmg of the linkages between resources and people.

This is not meant to indicate that traditional conservation interests- are treaté,d as secondary in this
study. Indeed, the energetics approaeh provides a peculiarly distinct insight into the practical role of
biodiversity in the floodplain ecosystem, and of the real vatue of genetic diversity to human interests.
The real value of species conservation, as a process which will facilitate the maintenance of the
unStable energetic State of the environment, is clearly of great 'signiﬁcance. :

It is fdshlondble to decry the appltcat:on of ecologlcal prmmples to the specific mterests of mankind,
and in some environments which are largely unatfected by human interventions this may be justified.
However, Bangladesh is not such an envnronment and it has to be acknowledged that human interests
are now of 0verwhe[mmg importance, since without urgent attention to basic productlon issues the
rapidly increasing population will quickly’ outstrip the capacity of the environment to support them - in
ecological terms, the carrying capacity of the floodplain will be exceeded and the probability of a
subsequent increase in morbldlty and mortahtv rates will beeome an inevitable consequence.

The redson tor the anthropocentne emphasns should be easzly apparent. Whilst there are of course
large numbers of poor people in the towns and cities, few of these are directly reliant on immediate
and continual access to natural resources. But in the villages, a very large proportion of people are
poor, and ‘they rely substantlally on access o ‘commons’ or common property resources - essentially
free goods, such as those which are provtded by the capture fisheries and the wild plants ot the
homesteads, road sides and field margins. If access t0 commons is reduced, as when these resources
are damaged unnecessardy by poorly planned or ill- considered intecventions, then the health and
welfare of the weakest and most dasentranchised sector of the population will mewtably be put at risk.

The vaiue ot sueh common property resources is almost always under-estimated in eonventlonal
economic -analyses, assuming that they can be replaced at discounted international traded rates. Yet
these bear no refationship to the means of the poor. The value of free goods to people who have to
develop efficient strategies in order to survive at times of scarcity or extreme danger is notoriously
difficult to quantify. In humanitarian terms, no valid financial price can be placed on resources the
absence of which may spell the difference between hfe or death in emergency situations, '

. Indeed the ethical dimensions of ecology, and thelr relevame o pianmnU for the public good sQon
‘become ‘apparent in such difficult areas. The linkages between ecology (in its more generally used
eontext) and that branch of human ecology known as sociology are sharp reminders that man is indeed
an integral component of the ecosystems in which he tives. These choices cannot' be made by
ecologists and environmental analysts alone, for they are ult:mately community decisions and choices,

. requtrmg full and open consultation with those most ilkely to be attected by their lmplleatlons

Political deoaSlons have to be ‘madé regarding the crktena to be used in seleetmg optmns which may
dictate whether or not the. risks to particular groops will increase beyond tolerable limits.
'Unfortunately, no gu:delmes exist as to where such tolerable limits might lie, and all too frequently,
- such decisions are avoided, because the responmbahty for the consequences of serious errors: is great.
Where such difficult choices exist and can be identified in this study, they will be stated clearly and
unamb:guously, and guidance provided where possible. But where there are fundamental contlicts of
interests which cannot be solved by the bio-physical sciences, political judgement and decision must '
ultimately provide the essential guidelines for linking environmental factors and the planning of the
future management of natural resources
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2.5  Structural 'Ecomgy of the .!'amuna Floodplain
2.5.1 Primary flood patterns

The ﬂoodplam of the North West Region is dominated by the Teesta and Jamuna Rivers, but much
flooding durmg the wet season is also caused by heavy rainfall and.impeded run-off, The Region is
therefore exposed to two qulte distinct sets of environmental condition each year. During the dry
:season which extends approx1mately from November to May, the land dries out, and water bodies
such as the beels and non-permanent rivers slowly lose water by evaporation and seepage; they ‘are
- also subject to deliberate abstraction by man for crop irrigation, Consequently, almost ali floodplain
aquatic habitats gradually reduce in area, and by the end of the dry season marny are completely dry.
In many areas of the Region the lack of water_may be sufficient to cause damage to crops, so in
. recent years the use of tubewells to abstract groundwater to irrigate crops has reduced the areas of
parched soils. With these changes in agricultural practices, new habitats have been created.

In May the rivers begin to rise as snowmelt in the catchment swells the discharges, and by June over-
‘bank spillage develops along substannal stretches of the river channels, resulting in wxdespread
“inundation of the floodplain. At around the same time the monsoon season starts, and much of the
land is sibjected to sheet flows, as water attempts to leave the Region through the main dramage
“channels of the Ghagot, Atrai and Karatoya Rivers. The patterns of spills and runoff flows vary
conSIderably each year, depending on the location and size of natural bréaches in the banks of the
main rivers (or of the flood control banks erected to try to reduce over-bank splllages), and on the
Ummg ami severny of the monsoon rains.

However, it is important to bear in mind that over-bank flows do not occur along the whole length
of every river bank. Before the present programme of flood protection embankments was instigated,
there were certamly long ! stretches of banks over which spillage from the main river channels was able
to inundate large areas of the floodplain. This spillage combined with rainfall runoff to produce
characteristic drainage pathways which eroded channels in the soft poorly-cohesive floodplain soils.
This resulted in the formation of a succession of meander channels ‘and ox-bow lakes, the water
" supply to which varied from annual flood flows from the main rivers to surface runoff derived purely
from rainfall. In addition, naturally low-lying areas with restricted drainage formed permanent or
seml—permanent pools (beels) which often have a substantlai “history of isolated ecological

= deve]opment

Thls suuatxon has been modified in recent years w:th the increasing construction of embankments
designed to reduce flood risks and to enldrge those areas of the floodplain which can be used for
modern agrlcu}ture Consequently, some habitats have been altered, either because the flooding
regime has changed permanently or because they are no longer subjected to a regular, predictable
cycle of change every year.

X 2 5 2 Seconddry Flood Paiterns

_ For a substantial part of the flood seasor, surface dramage from the internal drainage system of the,
North West Reglon (through the Ghaghot, Atrai and Karatoya Rivers) is impeded due to the relatively
high levels of water in the Jamuna River. This is supplemented by a pronounced backwater effect at
‘the mouth of the AtraliKaratoya system, related both to the high level of the Jamuna itself and to high
water levels in the lower channel of the combined Jamuna, Padma and Meghna Rivers: As a result,

“although water continues to drain from the Region through the Atrai system, it does so more slowly

“than the general topography suggests, and the lower Atrai Basin is peculiarly susceptible to extended
penods of deep flooding durmg parts of the wet season.
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2.6 Major Macro-habitats

The Region contains three major macro-habitats. Of these, the 'ﬂoodp[ain proper and the river
channels form the floodland and lowland respectively. In addition there is a distinct zone of highland
which is free of significant flooding, although some may be inundated for short periods during
exceptionally high floods. Many areas of such highland are isolated within the floodplain itself, but
there are also extensive areas of permanent highland along the western side of the Region which are
outside the zone of direct physical influence _of the 'Flood Action Plan.

~In addition, there are a number of -other Eess extenswe areas which have their own environmental
peculiarities. Of these, the lowiand chars in the river channels are of sxgmﬁcance to human ecology,
since they are exposed to some of the more extreme variations in environmental conditions, and the
-welfare of the many peoplé who attempt to maintain a precarious living on them is often a matter of
considerable hazard. The chars are little more than low sandbanks in the channels of the major rivers.

The Jamuna and Teesta themselves are braided rivers, in which the flow patterns are Lontmualiy
changing from year to year, and gven more rapidly at many locations, to the extent that it is often
impossible to 1dent1fy particular chars over more than a few decades.

The chars are _t}xeret‘ore temporary ot semi»perrﬁane’nt land zones in which the normal ecological
process of- speeies colonisation and succession is either absent or interrupted, and the species which
are able to gain a roothold are genemlly ploneer spe(:les which are adapted to such conditions.

In the southwest or the Reglon & tract of permanent h:ﬂhland exists which is never subjected to
flooding. This is the Baiind Tract, an area of clayey and relatively dry soils on which extensive
forests once grew. “The relative permanence and stability of the Barind Tract has resulted in well-
developed primary succession.communities, but these have been substdnndlly depleted in recent times
as human population pressures caused mcreasmcly heavy exploitation of its resources and interference
with its wildlife. This interesting and important area has not received the attention that it deserves in
this study, dué to restrictions of time and the more pressing need to characterise the ecology of those
parts of the Region most likely to be affected by Flood Control projects in the immediate future.
Similarly, the highland areas of the northwestern sector of the Region have also haci to be excluded
from this study

The ﬂoodplaln ecologxcal zones are classmed accordmg to their distribution according to elevation
above the river levels, and correspond only partty ‘to the zones used -in agricultural land- type
ciassrheatlon in Bangladesh. The three major zones are highland, floodland and lowlands' “Highland’
corresponds fo the agricultural zone commonly referred to as highland. ‘Floodland’ corresponds to
- medium highland .1 and 2, lowland and very lowland, and. includes the beels. ‘Lowland’ comprises
-zones not normally mclucied in agricultural zonation, i.e. the river channels and banks. Because they
,are mtlmately assouared with the river habitats, the charland banks and flat areas have been included
in this zone. It is therefore important to bear in mind the differences between agricultural and
ecologrcal usage in the followmg text.

2.61 nghiand Habitats

Terrestnal habitats of the ﬂoodplam are almost entlrely reouldted by their elevauon in rehtlon to
flood peak fievels in the. present and recent past. The term highland refers to land which is not
normaily inundated even at peak flood levels, but except in the Barind Tract and parts of the
northwest, this should not be thought of as land which is significantly above the general level of the
floodplain. In fact, very few areas of land in the Region are more than a few metres above extreme
peak flood level, and for up to six months gvery year many of the soils of even this ‘highland”
become saturated as water-tables rise very close to the surfaee : :
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Because the human population presstire is mtense all highland areas have a hlgh primary value as
permanent agricultural land, but they also act as sedsonal refuges for non-resident families during the
annual flood season, as well as refuges for livestock and wildlife. Consequently, there are significant
cyclic changes in the population densities of all forms of mobile terrestrial animals, as they move
from the floodplain to highland refuges and then dlsperse back to the ﬂoodlands as the waters recede
around November each year.

A wide range of habltdts exist w1thm the hlghland zone, and the pnnupa! ones (excludmg urban
areas) have been exammed in the present study:

- Heme_stead areas. These are petn:anent selt'lem_ents which are often deliberately
managed by planting a variety of crops, fruit trees, timber trees and vegetables.

- Embankmients. Flood control embankmients provide essential refuges for people and

: wildlife during peak floods. Where villages have been destroyed by lateral’
encroachment of the river channels, displaced famlhes often set up thcu' homes on
embankments

- : Sing!e species woodiand stands. These are generally 6ld plantations which have been
deliberately- estahllshed by man, but may have become invaded subsequently by
secondary species. No forestry plantatmns have been examlned in the present study.
Bamboo stands are a special variety of this habitat, since the plant is not a tree but
a herb (actually a member of the Graminae - grass - family).

- We have tentatively identified a fifth type of highland habitat as ‘refuge’ areas,
although the exact zone to which they belong is not always clear. These are very
small isolated patches of land which appear never to have been cultivated, for

- reasons which are at present obscure They are frequently. found standing amongst
rice ﬁelds in the floodlands around beels.

- F;shponds Although these are strictly speaking aqvat:c habitats, lrue pemnnent
fishponds are found only in highland areas, and are included within this group
because they provide unusual environmental conditions around their margins.

2.62 Ficodland Habitats

Flood lands are characterised by seasonal flooding. No distinction is made between flooding caused
by over-bank spillage or river bank or embankment breaching and that due to surface runoff caused
by rainfall. Indeed, in some areas such as the Lower Atrai Basin, any or all of these may be
tesponsible for inundation in different years "The whole floodplain has been formed in relatively
recent times, and the ‘soils have been laid down as a succession of fluvial and mundduon honzons

whlch are characterlsed by dlfferent part:cle s1zes

T he ﬂuvnal deposns are generally poreus sandy horlzons fonnmg an mtermeqhmg three dlmenslonal
network of aquifers. The soil horizons formed by inundation are generally finer grained silts and
clays, which have been deposited either by low velocity river flows or by the erosion and transport

“of existing silty depesnts by surface runoff across the relatlveiy low gradient ﬂoodplam The surface

~ soils of those areas of the floodplain which:have not recently been subjected to major overspilis from

the river channels are usually silty clays ‘which are more suitable for agriculture, and they are
intensively cutttvated ‘The sandy outwash fans which form on the land side of major breaches are
extremely difficult’ to cu!tlvate and are_generally less disturbed than the silt soils:
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(a) Floodland homesreads

- Not all homesteads are on highland. Some ate actually sntuated on ﬂoodland but have

' been artificially raised by excavating soil from an adjacent field and building a
substantial mound which rises above the general flood level. Such homesteads are
always associated with a nearby borrow pit, which serves as a multipurpose pond for
washing, Hvestock watering and the irrigation of vegetable beds within the homestead
area. They may also be used occasionally as temporary fish stewponds, and even for
the supply of domestic water. Other homesteads are situated on land which is subject
to inundation, and in these flooding is an annual fact of life unless they are protected
by being inside a ﬂood protection embankment. '

- Floodland is very extenswely used for culuvatlon of field crops, and a number of
habltats have been described: . -

- Protected homestead aréas. These are homesteads established on floodfand inside a
protective flood embankment. They are subjected to occasmnal rapid (someumes
chsastrous) ﬂoodmg if the integrity of the embankment is destroyed

- Inundated homesteads These are homesteads which are on ﬂoodland but are not

_protected by flood embankments. They are generally found beside river channels, and

are subjected to occasional shallow but fast-flowing inundations during unusually high
ﬂoods

- Beel commumty villages. These are similar to !he above group, but are generally
subjected to much lower current velocities at critical times. They are often fishing
© communities.

- Wheat ﬁeids Large areas of land arg used for wheat, and are often irrigated for at
least part of the dry season. They are subjected to intensive management, by
weeding, but normally have a fairly dry surface. They may be used for other ‘dry
land’ cr0ps when not being used for wheat culture.

- Wheat field margms These narrow lmear habitats tor an interconnecting network of
refuges for plant and animal spemes which prefer the type of habitat provided by dry
" ¢crop Culture

- -Rice ﬁelds The rice ﬂeld habltat is extremeiy specialised, bemg v1rtually aquanc It
has its own specialised fauna and flora, which is often subjected to severe exposure
to tOXIC chemxcals :

.- Rice ﬁefd margins. These form a similar type of linear habitat to the wheat field
margms but are. much wetter

- . Beels. These are permanent or seml—permanent aquatnc habttats generally isolated

“during the dry season. They may be subdivided into those which are flushed by fiood

waters annually and those which teceive only rainfall runoff from the surrounding

land. The former are subjected to external recruitment of both aquatic plant and

animal species, whilst the latter can be regarded as isolated habitats in which species
populauons and commumty structure changes progressively over an extended period.
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Almost all are now subjected to increasing rates of depletion of their water as they are more
widely used as surface water storage areas convenient for agricultural irrigation around their
margins. They are also subject to very intensive fishing pressures, but some are stocked
artificially, often using exotic fish species.

2.:6._3_ Lowland FHabitats

The lowland habitats: are fluvial in nature. Within the river channels, both past and present, the
deposition of relatively coarse-grained particles of sand has resulted in a mobile system of sandbanks,
locally called chars, which represent the only source of new land for colonisation, for both humans
and for plants and wildlife. The fluvial habitat is extremely capricious, with extreme changes in the
depth and configuration of the river bed, even during the dry season. This is retlected by the constant
erosion of the banks of the permanent river channels, and the downstream migration of chars over
a pernod of years:

- Permanent river channels. The permanent river channels are characteristically alimost
barren. They carry a high silt load throughout the yedar, preventing the estabhshment
of aquatic tlora.

- Tempomry river channels Many of the rivers in the Region only flow. for the wet
season and a short period after. During the dry season the channel changes from a
rapidly-tflowing environment carrying a very high'silt load to_a series of shallow,
stagnant pools in which the silt setties out, a]lowmg light penetration and the growth
of phytoplankton. During the dry season, environmental conditions in these pools
dpproach those which develop in the flushed beels of the floodplain. Tn many cases,
the channels of the temporary rivers are deliberately subdivided by cross-dams. These
are made by people dwelling beside the channels, for the purposes of irrigation, stock
washmU and watering, and many other uses. They are therefore ecologlcal(y similar
1o the, seasonally -flushed beeis

- River banks.: These form narrow linear zones of unstable, and often temporary,
habitats, and niay be the only non-horizontal soi protiles on the ﬂoodp]am apart from
the artificial embankmems used in tlood control projects.

- Chars. The chars are tmstable banks deposit'ed in the river channels, and consist

principally of loosely- packed sand grains. Gradual infiltration of smaller sized

- particles of silt and day, followed and often assisted by the estabhshment of a cover

of pioneer plant species, results in a gradual stabilisation, which may eventually

permit human colonisation and the development of agriculture. Chars have been
subdivided into four distinct habitat types: :

0 Char banks, close to the water and in constant risk of erosion.
o  Char wet plains, consisting of large areas of dry sandy soils.
"o Char wet plains, in which the watertab!e is close to or even slightly

above the surface of the soil. -

0 'Cultwated charlands on stabilised soils.
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CHAPTER 3

METHODOLOGY

31  General

This Chapter provxdes mformatlon on the field col!ection methodology and on data recordmg, storage
and processing.

3.1 Objective .

The objectlve of the Ecologzcal Survey is to provide baseline data on the terrestrial and aquatlc

habitats of the floodplain, and on the characteristics of ground and surface waters in the North West

Region. In an area as large as the' Reglon it is clearly not feasible to provide a detailed catalogue of

sites, their fauna, flora and associated environmental variables. Instead, the Study has attempted to
!dentlfy those habitats which comprise the largest part of the Region, and to provide definitive data

which will prowde a basic understanding of the relationships between then.

3 1 2 Orlentdtlon

: _Smce the purpme of the Study is to prowde enwronmental guxdance in predicting the probable future
-ecological responses to FCD interventions, the methodology adopted is specifically aimed at revealing

. functional relationships rather than prowdmg a detailed structural catalogue of Bangladeshi-ecology.

So particular emphasis has been placed on the distribution and usage of natural resources; and

. especially ‘the exploitationt of plants, upon which a very large proportlon of the rural population
-depends to a cons:derable degree

The Study has not dealt with ﬁshery resources in any deta;l smce this resource is the Sllb_]ect of a
separate Fishery Study. However, the ecology of both the terrestrial and the aquatic habitats are
intimately bound- together by the role of the floodplain fish stocks in energy transfer processes; and
a consideration of this relationship has been included in the discussion of funcuonal ecology.

313 Linkages

The health of the human populatiora in the ﬂoodpiam is intimately linked with envaronmental faetors
“such as the contamination of water or the seasonal concentration of poisonous snake populations on
highland areas. ‘Changes in both aquatic and terrestrial habitats occur on several temporal scales,
daily, seasonally and eumnilatively over several or even many years. The Study attempts to Idennfy
the time-scales of present processes and changes and to show where these may change as aresultof

FCD interventions.

' 3.2_ Survey Sites: -

Since the Survey is deSIgned to provnde guldance for the assessment of future FCD interventions,
survey sites have been chosen which reflect this priority. The sites are all located within the
- Gaibandha Project Area, along those parts of the Teesta and Jamuna Rwers close to this area, in the
Jamuna nght Embankment zone, or in the Atrai River Basin. A single river survey site in the Padma
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River close to Ra_]";hahl has also been studlcd since the ecologtcal character of the Padma River is
believed to have changed since the completlon of the Farakka Barrage. The locations of these survey
points are shown in Figures 3.1 and 3.2, and a detailed list of sites provided in Table 3.1.

It should be appreciated that this Survey was not designed to provide a comprehensive guide of and
catalogue to all the significant ecological sites in the Region. Its purpose was to categorige the major
types of terrestrial and aquatic habitats within the potential areas of influence of FCD interventions,

and describe their main ecological characteristics.

3.3 Water Quality Data
3.3;1 Method.ology _

A representatwe series of the major rivers and beels of the north-western region of Bangladesh were
examined during the Study. Samples from surface water sources were collected at a-depth of 0.5m
from the surface using a hand operated pump.

Ground water samples were taken from randomly selected tubewells within the project area, generally
the closest wells to the terrestrial and aquatic ‘ecological sampling sites.:Manually operated drinking
water tubewells and machine operated shaliow and degp tubewells usable for irrigation purposes were
sampled after flushing the tubewell pipes long’ enough to ensure that the water samples obtained were
representative of the water in the aquifer, and not of water which had been standing in the pipe for
some time. The method therefore followed the guidelines issued by the World Health Organization
(1987) for ground water samplmg

Transient vanable such as temperature pI—I and ammonia content of the water samples were measured
on site using a Hach Water Analysis Kit. Samples for analysis off-site were kept in clean brown glass
bottles with close-ﬁttmg ground glass stopper, kept in a cool box, and transported immediately for
- analysis at the Dept of Environment Laboratory at Bogra. The analyses were carried out according
to standard analytical procedures (APHA-AWWA-WPCF, 1980; ASTM, 1987) The results of these
- analyses are presented in Table 4.1.

3 3.2 Collection of Field Duta Related to Water Quality

In. add1t|on to takmg watet samples from each s1te mformatlon was also sought on the use of
agricultural fertilisers and biocides around or close to each sampling site, and also on the occutrence
of fish diseases or mortalities (Tables 4.2, 4.3). Whilst these data are of limited value, and are in

.some cases at least, better dealt, with by the Public Health Survey which is part of this Regional
_ Study, they provide some background data-on the ptevalence of potential threats to water quality and

~ the pos31ble implications of contammatton on human health in the immediate vicinity.

3.4 Tért&stfial Ecology

' 3. 4. 1 Transect Surveys

: Terrestrlal ecology data were collected durmg transect walks generally startmg at a hlghland site and
moving down towards a lowland site. At each type of habitat encountered on the transect, field notes

and plant spec1es collections were made, to record. the presence- and abundance of each plant and
vertebrate species. Invertebrates were not recorded.
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The method of assessing abundance was simple, intuitive and subjective. Those plants and animals
which appeared to be dominant or extremely common were recorded as ‘abundant’. Less common
or dominant species were then allocated to one of four groups - common, frequent, occasaonal and
rare. Adequate resources for more detailed work were not available. Species lists and frequencies are
presented in the Data Annex (Annex A), in Tables A 24 t0 A 88.

3, 4 2 Rare or Ahsent Species

In addltlon to dlrect observatlon local resxdents were asked about the occurrence of other species
which were not recorded on the day of the visit. These generally related to mobile species such as
birds, mammals and reptiles. They were also asked to describe their utilisation of the terrestrial plant
species recorded. These responses were classified mto major utlhty groups, and a list of recorded
usages for each species has been compiled.

3.4.3 Ideotiﬁcntion

Inltlally, many plant t;pecle'; were unfamiliar to the collector. Samples of these were taken, pressed
_and referred to the National Herbar:um for definitive identification. These preserved specimens were
thern retamed by the Study and used as a reference collection for subsequent work.

3.4.4 Limitations of the Terrestrial Survey

A conceptuai problem drises with the use of subjective frequency assessment, in reiauon to the
vertebrates and particularly to birds and reptiles. This is especially true when dea[mg with species
recorded from secondary sources. The density of wild bird populations in Bangladesh is, in
international or even regional terms, rather low. Species which are considered common by
'Bangladeshl standards would, if present in the same popufation densmes be assessed as occasional
or even rare by Pakistani ‘standards, for example. So.people’s expectanons regarding what is a
“normal’ poputation density for a species greatly atfect their assessment of its frequency. This is as
true for Bangladeshi field workers as it is for the rural people amongst whom they work

Similarly, the trequency of venomous snakes’ tends to be over-estimated by vﬂlagers and others,
“because they represent a-real and very frightening danger to them. For people living on islands of
‘ighland in the floodland areas especially, their homesteads represent the only dry land refuge for

animals which would normally be distributed across the floodland during the dry season. So the

‘frequency of venomous snakes in such hlﬂhiand homesteads during the floods is dependent on both
~ the actual populatzon dens;ty and (inversely) on the propomon of the area which is highland at peak

flood perlods There is therefore inevitably some bias in reporting frequencies of these types of

animals, especially when usmg anecdotal data. It is acknowledged that this inevitably skews estimates

of species abundance, but since the degree of bias can only be estimated by more detailed field work,
the frequencies of these vertebrates are presented as they were estimated during the field surveys, with
no attempt to chanﬂe them ucordlng to any assumed correction factors. '
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3.5  Aquatic Ecology
3.5.1 Emphasis

The principal investigation in this Study was the characterisation of the aquatic micro-flora and micro-
fauna, generally referred to as the phytoplankton and zooplankton. Record of the larger organisms
(emergent or submerged plants, birds, mammals and others) were collected by the Terrestrial
Ecologist. Records of fish species were not obtained, this being the prerogative of the Fishery
Investigation Team. These results are given in their respective volume.’ '

3.5.2 Sampling Method

Plankton samples were collected by towirig a 30 micron mesh phytoplankton net for five mimites near
the surface of the water, behind hand-operated local boats. The samples were preserved on the spot
in 4% aqueous formaldehyde solution (‘formalin’), then the species identified at. zoological
 laboratories in Rajshahi and Chittagong Universities. Three 1 ml aliquots were taken from the stirred
‘preserved sample, and the abundance of each species present estimated using a rafter counting cell.

~ Benthos and neuston were collected by sweeping with a p'onci net, .separated from detritus and
preserved in 4% aqueous formaldehyde solution, and identified (to ‘major groups only) at’ the
University I.aboratories. - :

36 ‘Data Accesé

Large quantities of new data have been obtained from the field work, and the opportunities for
detailed analysis of these in the future are substantial. In this Study, severe constraints on the time
 available for such analysis dictate that detailed relationships between environmental variables, the flora
and fauna, and the people of the Region, cannot be explored - such work will have to be carried out
by future workers. The data collected during the past six months are therefore provided in full in the
Data Annex. Given the paucity of data, international interest and currently evolving national policy
initiatives copies of this data should also be provided to the Asian Wetlands Bureau and the TUCN.

37  Water Quality
3.7.1 Data .Soriing :

" The data from the water samples were assembled on a spreadsheet, then sorted according to each

 variable, in either ascending or descending orders of magnitude. This technique reveals aggregation
 of values, and is particularly useful in defining the ranges of variables which may be typical of
- specific types of water sources. The primary data are presented in Table 4.1.

372 Limita'tliohs_o'f Water Quality Data

A significant constraint on the ecological interpretation of water” quality data has beén'the_difﬁculty
in identifying reliable Iaboratories in which the full range of ecologically important variables could
be measured. The absence of data on nitrate, phosphate and soluble silicate on surface waters in
samples submitted for analysis is unfortunate, since these are of particular significance in the
dynamics of the competition and succession of the phytoplankton. -
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A secondary data source became available during the course of this Study, through a series of surface
water sample analyses obtained by the Jamulpur Priority Project (FAP 3.1). ‘The location .of the
samplmg sites across the Jamuna River from the ceniral area of the North West Region is close to
a number of the sites used in this Survey, and the environmental conditions in the Jamulpur area are
not considered likely to be substantially different to those along the Jamuna Right Bank. Since this

source brovides some-data on elements of relevance to :thls'.Stody (espeelally p'hosphete, sificate and
_ iodine), a composite table of water quality variables has been drawn up as an initial summary of water

quality data (Table 5.4). This is used as a supplement to the primary data obtained from this Study
(Table 4.1).

38 Dcologu,a! Data Analysis'
~3.8.1 First St_age Analysis - Pooled S.imples

In order to identify general prmcip]es and lmkages, data for individual sites have been compared to
~ obtain an overview of the principle range of habitats and variables which appear tocontrol the
‘majority of ecological processes within the study area. From this initial screening process, sites"haye'
been grouped into specific structural units - for example, ecological zones such as highland, or major
habitats such as unflushed beels - and the data from individual sites have been pooled to provide an
approxlmate ‘structural cataiogue of species abundances which characterlse the main habitats,

In the aquanc survey, some data on the fauna of the bottom mud (benthos) and on submerged
aquatlc plant stems and leaves ( neuston’) were obtained, but the difficulty of identifying these to
species level (generak]y because appropriate $ystematic keys are unavailahle) dictates that these groups
can not be included in the detailed analyses of populatlons and community structure, Whilst it is
acknowledged that this is a defect of this Survey, it is considered that this is not a significantly
limiting factor in obtaining an initial over-view of the structure and function of the aguatic habitats.

Indeed at some sntes both ‘groups appear to have been remarkable impovenshed possibly because
 many aquatic habitats dry up completely every year - and comparison over a short time period would
not be useful. Such work needs to be done in much:more detail over a very much ]onger period of

. time than was’ ‘available for the present exploratory Survey.

382 Second Stage' Aﬁalysis - Diversi“t'y A:naiysis -

: ‘Blodiversuy is currently enjoymg conmderable popularity as a vogue concept, unfortunately with
-very little comprehension of its true meaning or significance. In ecology the term “diversity’ has very
. specific meanings, and there are many methods by which diversity is measured. Diversity applies to
.. communities of species, to habitats, and even to the rate of change between adjacent habitats, So -

~ specific measures (indexes) of dwers1ty are used for different types of community, for different
strategxes of ecologlcal analysns and for different types of data.

' 3 8. 3 The Use of Bwers:ty Index&; in thls Study

,The mterpretatxon of diversity indexes is hlghly spemahsed branch of ecology In general ‘such
indexes are calculated after rigorously defined field surveys, and iterative analyses and repeated field
studies may be required before a high degree of confidence can be achieved. In the present Study,
such detailed site work has not been possible. Consequently, two simple diversity indexes have been
used to analyze community structure.
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3.8.4  Terrestrial Ecology - Species Abundance in Different Habitats

Quantltatwe terrestrial CLOlOgICE\l data have been collected using abundance classes {ranging from rare
to abundant), and consequently are not amenabie to complex mathematical manipulation. The dwers:ty
of terrestrial animal and plant communities has therefore been expressed using a snmple species
abundance measure. In this the numbers of species and their relative abundance in each major habitat
are expressed on linear scales. This provides a measure of the relative ecological complexity of these
habitats - when used in conjunction with data on resource utilisation .this analysis reveals which
habitats are of importarce to human interests, and how resource availability might change following
specific interventions.

3.8.5 Aquatic Ecology - I’roportionol Abundance of the Plankton

In the aquatic ecology survey, a very large number of planktonic plants and animals (phytopiankton
and zooplankton) were identified, not only to species level but also in terms of numerical abundance.

- In many of the sites, these measurements were performed monthly from February to May, providing
a very large and detailed database of planktonic species occurrences. Stch data can be subjected to
- more specific diversity analysis, and. the Berger-Parker Index of proportional abundance has been
apphed to the pooled data from the major aqudtlc habitats.

o The time: scale for major (often spectacular} changes in plankton species populauons is far shotter than

for terrestrial species -usually of the order of a few weeks. Consequently, individual species in some
habitats may dominate the plankton in one month and be almost -absent in the following one. The
Berger-Parker Index is.particularly simple to calculate, is comparatively insensitive to sample size,
and provides a good indication of dominance, which is the parameter of most interest in planktonic
popu!ations It is an indication of the stability of the community and therefore of resource availability
to important groups such as the fish stocks.

The Berger-Parker Index is calculated from the expression
I = 1/(N max/N}

where  listhe dommance mdex of the community
N max is the. number of individuals in the most common specnes
N is the total number of individuals in the sample.

High values for I (typically around 4 or more) indicate a very diverse community in which several
ot many species exist at moderate population levels: Such communities are typical of relatively stable
and constant habitats in which interfering proce‘sses are reduced 1o a minimum,

iLow values of I mdacate a high deg:ee of dominance by a %mali number of speues and are
characteristic of rapndly changing ot disturbed habitats. In rare cases, the index may fall to a vahne'
of l 0, if there is only a smgle species present.

The monthly values ‘of I f01 both phytoplankton and zooplankton in the aquatic habltats have been
calculated qeparateiy, and where there is marked dominance, the species or groups responsible have

been ldentlfied
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Figure 3.1
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CHAPTER 4

RESULTS OF THE SURVEY

This Chépter briefly summarises the data obtained during the Study, and presents a number of tables
of data which reduce much of the initial mass of data to more manageable proportions for easier
comprehension,

4.1 Water Quality
4.1.1 Data Deficiencies

The field data provide some indication of water quality in the rivers, but are defective in that nitrogen
levels as recorded appear to be suspect, and analyses for phosphate and silicon were not completed.

Consequently, data from recent investigations under FAP 3.1 have been used to supplement the field
site data from this Study (Table 5.4). Suspended solids loadmg can normal!y be deduced by
subtraction TDS (total dissolved solids) from TS (total solids). When this is done with the data
prowded by the samples collected from this series of fieldwork, however, the results are anomalous,

since many of the beels examined are known to have had clear water yet the data imply that their
suspended solids levels were as high as those of the major rivers. This is clearly incorrect, and these
data have to be rejected. Instead, the experience with the use of the phytoplankton nets by the
Limnologist has been used to deduce very approximately the suspended solids loading of the rivers,
since increasing siit loading caused the nets to become clogged in a shorter period.

4.1 ;2 Groundwater :

Groundwater has the lowest Ph range of all natural waters in Bangladesh -associated with Tow
dissolved oxygen and comparatively high biochemical and chemical oxygen demands. The levels of
plant nutrients and indeed of almost all other dissolved chemicals except iron are very low. The most
significant exception is ammonia, which is present in greater concentrations in groundwater thdn in
surface waters. In all cases for which records are available, iodine is present at a rore or less
constant background level of around 50-90 nanogrammes per litre (i.e. approximately 1 mg in 10 to

~ .20 cubic metres of water).

4.1.3  Permanently Flowing Rivers

The water quahty of the permanent rivers is:significantly different from the preceding two classes.
Jamuna River water is soft and poorly buffered with a pH range of 7.7 to 8.2. Nitrate and phosphate
are adequate to Support phytoplankton growth. However the heavy silt foads carried during the flood
season by all rivers, and by the Teesta and Jamuna Rivers during most of the dry season as well,
~ prevent the penetration of light which is essential for the growth of phytop]ankton Con;equently,
nitrate and phosphate both essential plant nutrients - are in ~ higher concentrations in the permanent
rivers than in any other surface waters, since there is no plant activity which would remove them
from solution, Ammonium levels are, however comparatwe!y low :

: The oxygen fevels of the prmc1pal rivers are hlgher than those found in any other type of water
source in this study, ranging from 8 to 8.7mg/l. High oxygen concentrations are normally associated
‘with high photosynthetic activity, but in its absence in these rivers it appears that the high turbulence
is sufficient to famhtates full oxygen saturation through surface adsorpt;on alone.
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Silicon levels are also adequate to support phytoplankton growth. Silicon is an essential element for
the muitiplication of the diatoms (Phytoptankton: Bacillariophyceae). Tn its absence, the ‘Blue-green
algae’ (Phytoplankton: Cyanophyceae) are able to compete effectively with the diatoms. This can lead
to blooms of Cyanophyceae, which release powerful neurotoxins able to provoke severe reactions in
people drinking the water, as well as extensive fish mortalities.

4.1.4 Padma Riv_ei' Water Quality and the Farakka Barr.age :

The quality of Padma River water is not significantly different from that of the Jamuna except that

 the total suspended solids were slightly lower than the levels in the Jamuna. It is possible that this
small, difference may have allowed slightly greater light penetration, and hence the development of
the stronger plankton population, but the evidence is weak, Unfortunately, the absence of data on
nutrient levels in both rivers prevents further interpretation, and the reason for the high productivity
of the Padma River is obscure.

a

4.1.5 Temporary (Seasonal) River

During the dry season the floodplain rivers become greatly diminished in flow, and many cease
flowing -altogether. Many of the Atrai Basin tributaries are of this type, and degenerate into a series
of static pools which are used for a variety of purposes by the rural people and their livestock.
Chemically, these pools are indistinguishable from permanent standing waters such as the beels and
many ponds. They have a pH of around 7.4 - 8.0, dissolved oxygen levels of 5.5 - 8mg/l, and
victually no dissolved nitrate or ammonia nitrogen, nor phosphate.

4.1.6 Bacterial Quality

All sources are liable to contamination with faecal bacteria (Coliform bacteria). However, deep
_ tubewell water may be almost free of coliform, but shallow tubewells frequently show elevated levels
if they are constructed without adequate sealing around the wellhead. Tt is noticeable that flushed beels
(i.e those which are inundated by overflows from the rivers during the flood season) tend to show
higher. coliform counts than unflushed beels. Permanent rivers may have very high coliform counts
at some locations, reflecting local sources of urban sewerage discharges. The main reported human
and fish pathologies for each water quality sampling site are presented in Table 4.2.

4.1.7 Biocide Residues

_Iﬁfdtmation was sought from lo_éal farmers on the main types of fertilisers and biocides used around

. the sample sites, and on their recollections of the main types of human and fish pathologies. The data
on these fopics are shown in Table 4.3. -

No-data on the incidence of biocide residues in surface water or groundwater in the Regions have
been available. Since the issue of potential contamination of these waters by biocide residues is a
matter of widespread speculation, a sample of water from Bamandangha Beel, and two from nearby
shaliow and deep tubewells, were taken and analysed for residues by the Bangladesh Atomic Energy
" Commission Laboratory. They were extracted with acetone/hexane, dried and run through a fluorosis
column using petroleum ether/dichloromethane efuent. The final estimation of active residues was
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made using a glass columnipacked with 1:5% OVi7 plus 1.95% QFI on Chromosorb WHP, using
nitrogen carrier gas at 225 degrees Celsius. Spiking samples with DDT and Dieldrin was used to
determine residue coneentrations and recovery rates.

Inall samples no organophosphate resides were detectable. Dieldrin was present in the surface water
at 0.64 ng/l (1 nanogramme = 1.0 x 10°g, or one part per billion), whilst DDT was detected at 1.5
ng/l. Parallel work on the levels of these residues suggests that there may be a concentration factor
of in the region of thirty in cow’s milk, compared with these background levels in surface water.

4.2 Terrestrial Biology

4.2.1 Major Habitats

The major habitats are defined very clearly by the flooding regime to which a location is subjected.
There are therefore three distinct terresteial zones, each with their peculiar habitats, and these are
characterised as follows:

A  Lowland Zone
i River Banks and Channels

Plant species-abundance is low, with a dominant community of semi-prostrate or small species
able to tolerate exposure to fast-flowing currents. Larger plants (shrubs and trees) are absent.
The resource value of these species appears to be very low (Table 4.4).

The ‘animal shec'ies abundance is much higher, and there is a fairly rich bird fauna, inevitably
including a large proportion of fish- eatmg species. The reptilian fauna is also strongly represented
" (Table 4.5.) -

it. Charlands

The flora of the charldnds is remarkably diverse. It includes a number of species which are abundaut
but for which there is no known human use. These are generally pioneer species such as Ranunculus,

~ which are able to form dense mats of vegetation which stabilises the char sands. Their poisonous

. bitter _]UICG prevems them from being grazed hy livestock (T able 4.6.)

The vertebrate fauna of the chdrlands is almost confined to birds. During the period of study

~ (February-April 1992) the number of species recorded was low - it is not known whether this group
would be significantly augmented at other times of the year (Table 4.7)

B Fl’oodland

i Agricuam'ral Land -
" Agricultural ﬁelds themselves prov1de the least spemes abundance of all the habitats examined.
. Extraneous plants are ruthlessly weeded out, whilst the monocultures themselves provide littie shelter

for animals. The small banks and pathways forming the field margins are much more diverse, and
provide the only habitats for potential pest control ag_ents {Tables 4.8, 4.9.)
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i, Beels

Most beels contain v1rtually ne aquatic macrophytes In those which do - for example, Andasurta Beel
- the species diversity is high, unless water hyacinth (Eichornia crassipes) invades the water, in which
case all other species are eliminated because sunlight is unable to penetrate the hyaunth blanket (Table
4.10).

The main vertebrate fauna consists of'birds :but'wate.r'-loving reptiles are frequent, although they tend
to be less common in those beels which are almost completely reclaimed for agricultural use durmg
the dry season, e. g Halti Beel (Table 4.11.), .

i Floodplain Homestead Areas-

Sonie homesteads are sntuated below the eievat:on of peak ﬂood 50 become 1nundated for short
periods during the wet season. In some areas, they may be protected by an embankment, and the
Study examined a pair of homestead areas on etther side of an established embankment in order to
_ assess whether the erection of an embankment has any s;gmﬁcant effects of the terrestrial species
present

- In both sites the species abundances were virtually identical, and far below those of highland
“homesteads. Most of the animals spemes recorded can be regarded as commensals - i.e species which
live in close association with man. In terms of resource availability, neither homestead has a great
deal of variety, and these areas must be considered as extremely impoverished, They are characteristic
of the floodland areas themselves, and bear almost no ecological resemblance to highland habitats
(Table 4.12 - 4.15.)

iv. Embankmentﬁ

Compared with the fldodland on which they stand, - the species abundance of embankments is
remarkably high. Animal species’ are especially” prominent, and the embankmeénts clearly form
important linear habitats for a wide variety of terrestrial animals. The high frequency of small
mammals, including pests of stored grains such as the mice, and the cool microhabitat provided by
cracks in the embankments, attract reptiles including occasional venomous snakes (Table 4.16, 4.17.)

' - C Hzghland
' i nghland Homesteads

In terms of speetes abundance the htﬂhland homesteads stand far above all other habttats They
provide a wide range of micro-habitats in which many plants and animals can survive. They provide
the greatest opportumty for species conservation, since almost all the species found in the floodland
are also present, and in somewhat greater densny, in the htghland areas.

The wide vartety of fauna prowdes a remarkable range of resources. for the human popuiation, and
it is known that many of the resource species are actively established, cultivated and protected by the
people ‘Their uses range from medicinal through utilitarian to cultural and religious, with the two
main rellgtons often sharmg use of the same species (Tables 4,18, 4.19.)
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i, Refuges

Although not specifically provided as refuges for wildlife, there are several small habitats which are
able to provide sore degree of sanctuary for them, Of these, the permanent ponds in highland are
colonised or frequented by a range of birds more usually associated with the open fields and
floodlands - for example the egrets and kingfishers - whilst aguatic reptiles also use these small ponds
as their habitats, preying on the many amphibians which are attracted to the water (Tables 4.20,
421) '

On some floodlands close te the flooding limit there are small clusters of trees or bamboo thickets
which also offer some degree of cover for the shyer animals. Obtaining some idea of the species
present in such thickets is extremely difficult - their presence could be detected by sound, but their
identity remains a mystery. However, near one such cluster the prints of & very small deer were
noted, a type of animal not seen by the local farmers for many years (Table 4.22.)

Whilst the bamboo clusters tend to be monocultures, other less dense woody refuges provide a range
of plant species, a substantial proportion of them providing herbal medicines for common aitments
such as gastro-intestinal disorders and skin infections (Table 4.23.)

4.2.2 Summary

The species abundances of the floodiand habitats are far lower than those of the hightands. Even the
‘embankments - relatively recent and small habitats - are more diverse than the flooded areas. The
detailed pooled species lists for larger plants and vertebrates are presented in Tables 4.24 and 4.25.
The recorded utilities of many of the plant species are also shown in Table 4.24.

The highland provides the greatest range of resources, and shows every sign of good traditional
management practices aimed at preserving this diversity of resource values.

4.3 Aquatic Biology

The aquatic habitats of the Region can be grouped ‘into five main types. These are described
individually below, with 2 summary of their principal phytoplankton and zooplankton communities.
Since the plankton communities are so complex, summaries of the dominant species are provided in
Table 4.26 and in the Analysis (Chapter 5, Table 5.7 ~ 5.15). Detailed lists of species occurrences
and frequencies are provided in the Data Annex (Annex A; Tables Al - A23.)

4.3.1 Permanent Rivers

“The plankton of the permanent rivers is regulated by the silt loading of the waters. The Teesta has
a relatively high silt load as early as late February, whereas that in the Jamuna increases over a month
 later, in about April. In the Padma, the effect of the Farakka Barrage is to delay the rise of the river,
and the silt loading is moderate and fairly constant until at least May. The Baral (noted as Burail in
" original data sheets), at the lower part of the Atrai Basin, has almost the same silt load as the Jamuna

‘in February/March, and like the Jamuna its plankton is in severe decline by mid-April.
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During February, the phytoplankton of ail the principal rivers is mainly represented by the green
algae (Chlorophyceae), but their dominance is weak (BP Index 3.45). In the Teesta, their dominance
is b_rokg_:n by the development of populations of diatoms by April, but by May very few algae are able
to survive the increasingly siity waters, and phytoplankton is on the verge of disappearing.

The zc_:oplankton is dominated by Rotiferal for most of the spring, but they are temporarily exceeded
by their primary predators, the crustacea (Copepoda and Cladocera) during March. By May the whole
of the Teesta/Jamuna River complex has lost its zooplankfon, However, in numerical abundance, the
-decline in zooplankton populations in the Jamuna starts as early as late February, whilst in the Teesta
itself the zooplankton is already in severe decline by that time.

4.3._2 The Padma River - a Disturbed River Habitat

The situation in the Padma River is completely different. The Chlorophyceae dominance is broken
only temporarily in April by the expansion of the Chrysophyceae population, but the Chiorophyceae
regain dominance in May. The phytoplankton populations: only start to decline in May, and
throughout the dry season their populations are considerably higher than those in the Jamuna River

~ or the Teesta. The celative importance of the Cyanophyceae (f'Bl'ue-gre_en' algae”) in the Padma River

is greater than that in the Jamuna; this group is even less common in the Teesta phytoplankton.

The idopl_ankton of the Padma is dominated by Rotiferal throughout the dr'y seéason, with océasional
species population maxima developing and then dying away, as is shown by the fluctuating but
generally moderately high diversity index. -

4.3.3 The Temporai-y Rivers

In the temporary. rivers, the phytoplankton is more divetse than that of the permanent rivers from
February to May, reflecting the higher water transparency of these static waters. In the early part of
the period the diatoms (Bacillariophyceae) and the Dinophyceae are common, but these give way to
the Chlorophyceae by May. The dominance of the latter is, however, short lived because the flood
waters bring an end to phytoplankton growth 8s water transparency falls to very low levels by the end
of May. The decline in total numbers of individuals is already marked by April in the Atrai system.
In the Sib, the decline starts somewhat earlier, possibly due to turbidity resulting from earty rainfail
and run-off from the Barind Tract to the west. :

The zooplankton in these waters is dominated by the Crustacea until April, When they are overtaken
by Rotiferal. Zooplankton numbers in these waters do not fall significantly by the end of May
suggesting that they are less sensitive to suspended silt than the phytoplankton.

434 The Permanent (Unflushed) Beels

The pefménent beel phytloplankt_on'was dominated by the Cyanophyceae throughout the period of
study, only giving ground in some beels (such as Beel Baster Beel) to the Chlorophyceae in May. In
others (e.g. Harudangha Beel), the Cyanophyceae retain dominance - indeed, these permanent beels
- appear to contain a higher proportion of Cyanophyceae than any other water type examined in this

study.
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