The zooplankton is much more diverse. Although the numerical dominance tends to favour'Crustacea,
the diversity indexes for the four months are higher than those for other waters, and it is clear that

the community structure of the zooplankton of the permanent beels reflects a relatively stable
" environment.

4.3.5 The Flushed Beels

These waters are flushed (but not scoured) annuaily by floodwater from the rivers, augmented by run-
off from the adjacent land: Species diversity is high, with Cyanophyceae approaching the slgmﬁcanee
 which they attain in the- unflushed beels. In general, however, there is no clear dominance between
~ groups, with different families taking then loosing dominance from month to month in different beels.
Only Halti Beel, which is virtually pumped dry by agricultural abstraction by the end of March,
- shows a clear dominance by Chlorophyceae during February.

The zooplankton in these beels is dommated by Crustacea, even as late-as May. Populations are still
hlgh when flood waters reach them in early June a point of vital importance to floodplain fisheries.

4.3.6 Ponds

The ponds in.the highland zone are in a different category from the floodiand beels, as they receive
* only run-off from rainwater, and are never flushed. The phytoplankton of the old permanent ponds
shows some variability in dominance, whilst the zooplankton is an even mix of Rotlferal and
Crustacea (BP proporttonal abundance index = 3.07).

The temporary pond phyteplankton in March was very speues poor and dominated by
Euglenophyceae. The phytoplankton of these ponds therefore appears to be similar to that of those
beels which are pumped dry at this time of the year, such as Haiti Beel. The zooplankton is heavily
dominated by Rotiferal, in contrast to Halti Beel, in which Crustacea dominate at this time.

4.4 Zeeplankton and Phytoplankton of the.North West Region

The cnmplexny of the plankton dynamics is cons:derabie LﬂﬁLkilSLa of lhe phytoplankton and
zooplankton spe(:les are prowded (Tables 4. 26 4.27)

86 species of zooplankton were identified durmg this survey. They comprlsed 38 species of the
Crustacea (16 Copepoda 22 Cladocera), and 48 species of the minor phylum Rotiferal. Identifications
were made using the keys of Ward and Whipple (1952) and Bhouyain (1992). The Checklists of
zooplankton indicate their average relative abundance during the period February-May 1992 and the
main habltats from Wthh they were recerded on a scale of * (rare) to **** (abundant).

137 specnes of phytoplankton were 1dent|ﬁed durmg this survey. They comprised of 64 spemes of
-Chlorophyceae 38 Cyanophyceae 26 species of Bacﬂlarmphyceae and nine other spec1es

“A number of these aquatic mlcro-ﬂora and micro- fauna are commonly used as mdlcator species for
- assessing partlcular probléms related to pollution and other environmental processes. The limitations
of time and resources prevented this approach to the analysis. It-is hoped that the first database of this
kind can'now be used for continued monitoring, research and analysis for precisely these purposes.

Further detalls on the proposed future momtormg programme are dealt with in Volume 3.
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Table 4.1 Ground and Surface Water Quality at Survey Statlons In the North West Region.

OTHERS

LOCATION OXYGEN GENERAL NUTRIENTS

. . DO BOD | COD pH T8 T0S | NO4 NH4 [¢] . 804 Fa

o ' : mgl | _mgfl [ mgfl mgh_ | mgh I mgi | most |-m mgh | _rogA
Andasuria Beel (Bakapur) 3:4 42| 90] 78] %oo 965 g‘o - %2 ‘91]‘:“‘*9‘0 i
Alral/Barnal confl. - - 6.9 2.8 26 7.7 105 70 |. 0 0.1 8. 0.4 1.1
Atral/Barnal confl, HTW 221 121 42 6.8 230 178 0 i3 22 8.5 1.6
Atral/Nandokuja confl. 821 .31 65 8 406 ¢ 350 0 0.6 18 0.4 0.9
AtralfNandokuja STW 26 7.5 22 6.7 . 2867 212 01 20 14.1 0.9
Bamandanga Bee! 8] .3} 30 8 117 54 6] 03] .6 0 09
Bamandangha Baal STW 21 - 22 a0 ] 87 290 1688, 4] 1.6 14 Q 8
Bangali River (Sariakandi) 8.3 1.5 28¢ © 8.2 126§ .88 4] 0.2 71 0 0.9
Burail River ) 8 3.9 38 8 215 | 162 0 0.3 .9 0.1 1

- | Ghargot Biver (Galbandha) - 7.5 6.6 40 - 8 i74 | . 102 .0 0.3 6 0 1.1
Halti Boel {Chalan Beel C) ] 6.6 26 7.7 207 152 ) 0.2 17 12 1
Halti Beol STW 241 9 551 7.2 3751 315 2 0.4 131 352 1
Hamudangha Beel - . 8 2.5 12 7.4 ‘46 25 0 0.6 4. 0 i

) Hamdanghai Boal STW 08§ 12 18 6.5 133 53 .0 1.2 6.8 0] 29
Jamuna River (Kurigram} 8.7 2.6 25 8.2 212 i82|: 0O 0.1 6 1131 0.7
Teestafjamuna confl HTW - 2] : 40 . 38 6.5 60 1. 101 1] 0.2 4 0 1.2
Teesta/Jamuna confl, DTW 0.3 2.5 az 687 ig4 | 82 0 1.3 [ 1.1 5.8
Jamuna River (Manos Reg.) 86 31 2% 8.1 132 . .46 0 0.3 7 0 1.6
Jamuna R. balow Burail confl, 8.5 5.8 a0 8 158 108 1] 0.4 4| 182 1.2

| Kumirdaha Beel . -78 1 .58 .32 8 177 ] 65 ] 0.4 41 0 1.2
Kumirdaha Bael STW - 1.9 8.5 50 7 , 280 198 .0} - 2 3831 415 2.1
Atrai/Nandobwja confl, 1.8 40 - 82 8.2 394 332 Q 1.2 15 |- 0 1.9
Atrai/Nandoluja conft. 5.4 4 60 1. 8 - 384 330 ) 0.7 19| .01 1.1
Padina River 8.2 41 401 8.4 . 232 190 Q 0.2 14 22.5 1
Sib River (Chaubaria) 6.9 2.7 24| 7.7 152 g4 | 9] 0.3 14 0.5 1.2
Teesta River - . 84 - 1.8 12 7.7 149 51 .0 0.2 8 4] 1.8
Utrasel Bee! {S Cenlral) 7.6 5 22 1.5 145 -94 Q0 0.3 10 By 0.9

Do = .Diéso{ved Oic_ygen

GOD = Biological Oxygen Demand
COD = Chemica! Oxygen Demand
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Table 4.2 Reported Human and Fish Pathologies Close to Water Sampling Stations.

~LOCATION COLIFORMS!  HUMAN DISEASES FiSH DISEASES

. - e no/100ml REPORTED | _From - To.
Andasuria Beel (Bakapur) 120 [Diarrhoea Dysentery Aug Oct .
Atrai/Barnai coni. 116 |Cholera Dysentery Sept Dec
AtraifBarnai confl. HTW 34 |Cholera Dysentery |NA_ NA

- | AtraifNandokuja confl. 190 {Diarrhoea Dysentery Oct . |Dsc
Atrai/Nandokuja STW 96 |Diarrhoga Dysentery NA NA

_ {Bamandanga Beel 120 |Dysentery . |ND ' Aug Sept
‘{Bamandangha Bee! STW 80 |Diarrhoea Dysentery NA NA
Bangali River {Sariakandi) 170 |Diarrhoea - |ND NDA NDA
Burail River . . 40 | Diarrhoea ND NDA NDA
Ghargot River (Gaibandha)  |TNTG © - -|Diarrhoea Dysentery = [NDA NDA
Halti Beel (Chalan Beel C) 60 |Diarrhoea Dysentery | Oct Nov
Halti Beel STW 100 |Diarrhoea Dysentery NA INA
Harudangha Beel - 50 |Diarrhoea Cholera: . |Sept ‘|Feb
Harudangha Beel STW. 120 |Diarrhoea Dysentery '

Jamuna River {Kurigram) . 300 {Dysentery. |[ND. - - | Nov “Dec
Teesta/Jamuna confl HTW 100 | Dysentery ND- NA NA
Teesta/Jamuna confl. DTW "~ 0 |Dysentery | Diarrhoea NA NA
‘[Jamuna River. (Manos Reg.) 250 |Diarrhoea Dysentery Sept  |Oct
Jamuna R. below Burail confl. 70 | Diarrhoea Dysentery NDA - NDA
Kumirdaha Besl - ' 130 [Diarrhoea ND © 0 |Sept Oct
Kumirdaha Beel STW 40 {Diarrhoea Dysentery NA NA
AtraifNandokuja confl. ‘80 |Diarrhoea Cholera Feb Mar
AtraifNandokuja confi, TNTC _ {Diarrhoea’ ND - Feb Mar
-{Padma River - 100 |Dysentery Diarrhoea Oct Nov
Sib River {Chaubaria) 110 |Diarrhoea ‘{Cholera  [Sept Oct
Teesta River 160 | Diarrhoea ND . Oct I Nov
Utraeel Beel (S Central) 140 | Diarrhoea Dysentery Oct Nov

TNTC = Too Numerous to count
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Table 4.3 Reported use of Femlasers and Biocides Close to Water Samphng Statlons

LOCATION

FERTILISERS

BIOC!DES

Andasurta Beel (Bakapur)

Uréa; TSP, MP

chremon Malathio'n Sumithio

AtraifBarnai confl.

Urea: TSP; Zinc sulphate

Diazinon; Malathion; Sumithion

AdraifBarnai confi. HTW -

No data’

No data

Atral/Nandokuja confl. Urea; TSP; MP Sumithion; Furadan, Heptachlo
AtraifNandokuja STW No data - |No data
Bamandanga Bee! - Urea: TSP; Zinc suiphate Thiodin; Thionol; Danada

Bamandangha Beél STW

No data

No data

Bangali River (Sanakandl)

Urea; TSP, Zinc sulphate

Sumithion; Dleldnn Furadan

Burail River.

Urea: TSP; MP

Diazinon; Matathion; Nogos

Ghargot River (Galbandha)

No data

No data

"I Halti Beel (Chalan Beel C)

Basudin, Furadan; Nogos

Hatti Beel STW

Urea: TSP, Zinc sulphale
No Data .

{No data.

. |Harudangha Beel

Urea. TSP, Gypsum®

iDimecron; Malathion; Basudln

Harudangha Beel STW.

No data

No data

Jamuna River (Kurigram) - {Urea; TSP; MP Thiol;, Malathion, Thxodm
TeastafJamuna confl HTW Nodata- No data
Teesta/Jamuna confl. DTW Na data No data’

Jamuna River {Manos Reg.)

—[Ure; MP; Gypsum®

Dieldrin; Basudin;: Nogps

Jamuna R. below Burail conil.

Urea; TSP; Gypsum®*

Nogos; Aldrin; Malathion

Kumirdaha Beel

Urea; TSP; Gypsurm®

Furadan; Nogos; Basudin

Kumirdaha Beel STW

INo Data

No data

Atrai/Nandokuja conl.

Urea; TSP; Zinc sulphate

Sumithion; Furadan; Basudm

Atrai/Nandokuja confl.

Urea; TSP, Zinc suiphate

Heptachlor; Basudin; Nogos

Padma River .

No Data:

No data:

Sib River (Chaubaria)

Urea; TSP, Zind sulphate

Sumithion; Faradan; Thiodin .

Teesta River

Urea; TSP; Zinc sulphate

Furadan; Malathion; Thiodin

Uréa; TSP; Gypsum*

Furadan; Thiodin; Sumithion

Utraeel Beel (S Centrai)

TSP : Tnp!e Superphosphate

MP *Muriate of Potash’ - i.e. Potassnum Ch!onde
Gypsum* Commonly Heported but may be Confused with Lime.

Zinc Sulphate - Widely used to Counter Soll Zinc Deficiency,
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Table 4.4 River Bank Macrophytes

Major - jGenus Specles Freq. Utility
Group o : S ; ‘
Herbs - -|Amaranthus | spinosus 3 |Veterinary _ |Fodder |Vegetable
| Centella asiatica 3 | Dysentery Emetic | Vegetable
Polygonum - |orientalis 3 :
Contipeda” | orbicularis - 2
Eclipta alba 2
Leucus aspera 2
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Table 4.5 River Channel Macro-fauna

MAIGR

FOOD

GENUS SPECIES FREQ
GROUP - S .
Mammals |Bandicota indica _ 3 |[Grain- _
Herpestes auropunctatus 3 ' |Shakses, small animals’
Platanista ‘Tgangetica 3 Fish '
Lutra - lutra 2 . |Fish
Birds - Amaurornis | phoenicurus - 3 jSmall animals, insects
' Anastomus oscitans 3 |Small animals
Ardeola alba 3 . [Fish, frugs '
Bubuigus - |ibis 3 |Fish, frogs
| Charadrius dubius 3 - |Insects, worms
Calumba ~{livia_ 3 [Grainetc
Egreita. - intermedia . 3 Fish, frogs
Gallinego |henura . 3 . [Omnivore
Halcyon - smyrnensis -3 {Fish
Nettapus coromandelianus 3 |Omnivore
Passer .| domesticus 3 |Grain etc
| Phalacrocorax |niger 3 |Fish .
Ploceus philippinus 3 {Grain
Sterna. . - aurantia 3 - |Fish
Streptopelia chnensis 3 |Grain
Tringa . thypoleucos 3 {Insecis . .
Alchdo atthis 2 {Fish L :
Ciconia episcopus 2 _ |Fish, small animals
Haliaster indus .~ 2 |Fish : '
Orthotomus - [sutorius 2 {insects
Tadorna - ferruginea -2 .| Omnivore
Turdoides - I striatus 2 - |Insect larvae, etc
Vanellus indicus - 2 - |Insects, worms
Ceryle . rudis. <. IFish =
Reptiles | Varanus bengalensis 4 | Small animals
Enhydris enhydris 3 _[Fish, frogs
Trionyx clsp. 3 | Onmivore
"I Xenochrophis - -|piscator 3 |Fish,frogs
| Bungarus Tcaeruleus 2 1 Small animals_
Chitra - indica -2 {Omnivore.
Cyclemys _identata 2 |Plants
Naja : naja - "2 |Small animals
Pelochelys bibyoni 2 | Omnivore
Ptyas: Mucosus 2 |Small animals
Typhtops orrecius 2 - |Worms:
Vipera russelli © 2 {Smalt animals
- | Varanus sp 1 | Small animalg
Hana sp 3 llnsecis

Amphibia
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Table 4.6 Charland macrophytes and thelr roported usago.

HABITAT

WAJOR

USAGE

CASPOONERANALYSISIETAB4.6.WQt

GENUS SPECIES FREQ
| GRoUP 2 : :
Wetbanks |Herbs | Gnephefium | afiinae 5 | Ploneer{Compositae
- _ Henunculus  Tsp 5 | Pioneer
Contipeda . [ arbleularls 4 _ '
Eragrostis gangetica 4 [Fodder
Fimbristylis ap 4 ] ~
Polygonum ™| plebeglium 4} Anthaemorthagic
[ Caesuiis axiliaris - 3 -
‘| Centella asiatlea 3 _|Dyseritery Emetic | Vegatable
‘Cynodon daclylon - 3 [ Aniiseptic Fodder [Heliglous (H]
Elensine _lindica -3 Fodder
. |Palygonum | efentalis 3T i
Scopatia . dulcls 3
Coltula™™ hemilsphaiica 2
Digitaria violascens 2
Eclipta - alba ' 2
Grangea moderaspatanal 2
- Rumex merimus i - - -
Wetplain [Herbs {Oryza sp -5 [ Cereal crop fodder { Thatching
' Ranunculus | scleratus 5] Soll stabiliser
Fimbristylis - jsp _3 {Grazing
Gnephalium - [ effine 3 :
Gnaphalium [indicum 3
Ludwidgia | hyssopifolia 3. i
1 Ranuneulus . jsp 3. | Plonser ~ I : ]
Centella aslatica . 2 | Dysentery Emstlic [Vegstable
Cotula temispherica - { 2 : : c : :
Cynodon dectylon 2 | Antisepkic . Fodder | Refigious (H
Digitaria sp. 2 | Fodder
Gnaphalium ] spantaneum 2 jFodder
Herpestis - Fchamaedrgides| 2 :
Polycarpon | loetlingia 2
Polygonum - plebegium 3
Spilanthes - Tacmella - 2
Oxalis corniculata 2
Humex mazitimus 1 :
ry plain_ [Herbs  1Hununculus  {scleratus & | Ploneer plant
Amanla Isp 3 | Fodder
Centipida . { orblculars. 3 - | Fodder
Eragrolls tenefla 3 I+
Lindocnia sp . . 3. ‘ i L
Saccharum | sporntaneurin 3 {Fodder Crafts | Thetching |
Chenopoduim | ambrosicides 2 1 Grazing :
Grangea | maderaspatana; ‘2
tippia . [ geminata F
Lippla - nodiflora 2
Ludwigla . hyssopifolla 2
Polyearpon fsp - 2
[S8olanum [ nigrum 2
Spheeranthus [sp -2
Cyperus sp R 1
: [Solanum -~ |verbesciohum . | 1 |-
Cultivated [Horbs  [Lens esculonta 5 [ Vegelable crop Fodder
land L Brassica spo “4 |0l crop : Fusl
Momordica | charantea -3 {Vegelable crop .
Amaranthus | spinosus — 2| Veterinary Fuel Vegelable
Cynadon | dactylon 2 | Antiseplic Fodder THefligious (H
" [Gomphrena | globosa 2 _ '
Ipomoae aquatica 2 |Vegstable
Leonurus sibaricus i |Fuel






Table 4.7 Chariand_Area Macro-fa

SPECIES

Sterna

MAJOR GENUS FREQ FOOD
GROUP L : ;
Mammal Lutra Lutra .2 |Fish
Birds Motagcilla alba 4  |Insect feeder
Anastomus oscitans 3 |Fish, molluscs, frogs
Ardeola alba 3  |Fish, frogs
Egretta intermedia 3 iFish, frogs .
l.eptoplilos . | dubius '3 |Snakes, frogs .
Motacilia sp. . 3. [8mall invertebrates
Nettapus coromandelianus 3 . 1Small inveitebrates
.|Alcedo atthis 2 |Fish
Gallinago henura 2 - |Insect larvae
Halcyon SMyrnensis .2 |Fish
Haliaster indus 2 iScavenger
ichthyophaga ichthyaetus .2 |Fish
aurantia 2 |Fish
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Table 4.8 Agricuitural Land Macrophytes

- |HABITAT

SPECIES”

TYPE {GENUS FREQ uTiuTY
Ricefield {Harb  {Oryza “[sp 5 [Cereal crop Thatching Fodder
Ricefield |Shrubs - [Haliotropium [indicum 2 |Veterinary. Eye diseases  |Compost
|margins | [Lantana camara 2 |Fusl - N .
Herbs [Centella - asiatica 4  |Dysentery Emetic Vegetable
Cynodon - |daclylon 4 | Antiseptic Cultural Grazing
Gnaphalium | affine 4  |Compost
Gnaphalium ' ]alba 4 |Compost
Echinochloa |colonum 3 |Fodder
Echinochloa |crussgalli 3 Fodder S
Ipomoea aquatica 3 |Vegetable Fodder
Ludwigia adsecndens 3 ] .
Polygonum jhydropiper | . 3 |Antihaemorrhagic
Polygonum  |plibegium 3 " o .
Amaranthus  |spinosus 2 |Veterinary Vegetable Fuel
Argemong.  jmexicana 2 lAntiseptic? )
" |Fimbristylis. Jsp . 2 L 3
Hygrophila lauriculata 2 [Veterinaty use Fodder
~ {Leonurus . [sibericus 2 [ I ; ‘
Wheatfield{ Herbs - | Triticum asestivury 5 |Graini crop " 1 Thatching Fodder
‘ Amaranthus ' [spinosus 2 |Compost
. : Gomphrena |giobosa . 2 {Compost : -
Wheatfield Shrub  |Heliotropium [indicum .. 2 [Veterinary Eye medicine |Compost
marging [Herbs [Gnaphalium [affine -3 ' '
' Gnaphalium [alba 3 . o
Phylla - . " lnudiflora .3 jGrazing .
Centslla asiatica 2 [ |Dysentery - |Emetic Vegetable
Rahunculus {sceleratus 2 ' e 1 .
Rumex maritimus 2
‘[Vernonia -~ jpatula_ 2 s
Echinochioa {colonum 4. |Fodder
Setaria barbata 4 ' |Fodder : L
Amaranthus | spinosus 3 |Veterinary Vegetable Fodder
Argemone . |mexicana 3. |Veterinary Fodder - B
Cynodon - idactylon 3 lAntiseptic Religious (M/H)] Fodder
{Gormphrena_jglobosa 3 |Grazing o :
Polycarpon _ prostralum 3 |Vegetable A4
Polygonurn  [hydropiper 3 |Antihaemorrhagic |Fuel
" {lpomoea aquatica 2 |Vegelable Fodder
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Table 4.9 ‘Agricultural Land Macro-fauna.

[HABITAT . [MAJOR {GENUS SPECIES FREQ - FOOD
.. |GROUP o
Ricefield |Birds = |Dicrurus - | adsimilis 3 |lnsects
‘| Bubuleus ibis . 3 __|Fish, frogs
Sturmnus contra ’ 2 [Insects
Acridotheres  itristis . 2 llnsects
Reptile | Varanus bengalensis 2 |Small animals
Ricefleld |Marnmals i Bandicota  lindica 3 jOmnivore
marging Herpestes auropunctatus | 3: |Snakes, rodents
Vuipes bengalensis 3 {Scavenger
Reptiles |Bungarus caeruleus ‘3 |Smali animals
Naja naja 3 |Smali animals:
Ptyas. MUCOsUS 3 |Smali animals
[ Varanus bengalensis 3 |Small animals
Xenochrophis | piscator 3 |Fish, frogs .
N Varanus sP 2 |Small animals
Wheatfield { Birds. Dicrurus adsimilis 3 {insects
: Sturnus conira -2 '|Insects .
Upupa lepops 2 llnsects on ground
[ Mammafs | Bandicota bengalensis 4 |Grainetc,
. Bandicota indica ‘4 |Grain, insects
Whaeatfield | Birds Dicrurus adsimills 2 llnsects
margins Upupa . epops 2 |insects
Marnmal |[Herpestes auropunctatus [ 3 |Snakes, rodents
Reptile |Varanus bengalensis 3 |Small animals
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Table 4.10 Beel Aquatic Macrophytes

AUTILITY

GENUS SPECIES FREQ

Ceratophyllum durnersum 5

Cryptocoryne retrospiralis ) S

Hydrilla verticillata 4 |Fodder Compost

Hygroryza aristata_ 4 |Fodder Compost

ipomoea aquatica 4 |Vegetable Fodder

Trapa _ riatans 4 '|Food {seeds) -

Hydrocharis Jdubia 3 |Fishing habitat _|Water cooling |Compost

Polygonium NES . 3 : e
_ |Sagittaria sagiltifolia I

Schoenoplectus articulatus 3 |Fodder Compost

Schoenoplectus - | grossus 3 |Fodder. Compost

Note: Aquatic Macrdphytes only occur in a Minority of Beels.
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Tablé 4.11 Beel Macro-fauna.

TYPE

GENUS

SPECIES_

FREQ -

’-I‘

FCOD
Mammal [Lutra Lutra 2 (Fish
{Birds . Amavurornls - |phoeniculrus 4 |Smalt animals, insecls
o Dendrocygna ~ liavanica 4 | Omnivore
| Alcedo atthis 3 (Fish.
Ardeola ajba .3 |Fish, frogs
Ardeola . ~lgrayii 3 ‘[Fish, frogs
Bubuleus his. 3 IFish, frogs
Egretta intermedia 3 [Fish, frogs
| Gallinego. henura 3 linsects, tish, frogs
Haliaster indus 3__|Fish, frogs
Nettapus coromandelianus 3 |Omnivore
Phalacrocorax  |niger 3 iFish
‘[ Accipiter badius - 2 : | Scavenger
Milvus migrans -2 |Scavenger
Sterna aurantia 2 "(Fish -
Tadorna ferrugiea 2 jOmnivore
Ciconia * [episcopus .1 | Small animals
: Leptoptilos dubius i jlaveriebrates, fish
Reptiles | Atretium schistosum 3 |Fish
: " | Cyclenmys. dentata 3 |Plants
Enhydris - enhydris 3 ' jFish, frogs
L Xgonochrophis | piscator 3 |Fish, frogs
Amphibia jRana sp 4 - |Insects
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- Table 4.12 Non-flood Protected Homestead Macrophytes and thelr Reported Usage.

MAJOR GENUS SPECIES FREQ o USAGE
GROUP ' R N R, . :
Tree _ | Azadirachta Indica 4 tGeneral Timber  [Skin Diseases :
[Stwubs | Ricinus communis 3 |Rheumatism Bank stabiliser {Fuel
- |Alocasia indica .1 2 |Vegetable
- Heliotropium | indicum 2 |Medicinal . ' "
Herbs  [Musa . = -~ |sp. . 4 {Fruit crop Vegetable ~ |Religious
Centella astatica 3 [Dysentery @ - |Emestic Vegetable
Polygonum hydropiper 3 |Antihaemorthagic | - : .
Amaranthus | spinosus 2 |Veterinary .. |Vegetable Fodder
Amaranthus | viridis ~2 Vegetable Fodder Fuel
A Gynandropsis | gynandra 2 |Fuel :
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Table 4.13 Non-flood Protected Homestead Area Macro-fauna.
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MAJOR GENUS SPECIES FREQ |FOOD -
GROUP L : B . _
Mammals | Callosciurus pygerythrus 3 |Seeds, fruit, etc
: Mus ‘ musculus 3 |[Grain, elc
‘IHerpestes auropunctatus 2 -..1Snakes, rodents
Mus booduga 2 |Grainetc
Birds Acridotheris fuscus 4 |Insects
Acridotheris tristis 3 |lnsects
Columba.  -|livia’ 3 |Grain
1Corvus . splendens 3 |Scavenger
Passer domesticus 3 |Grain elc
Sturnus conira -3  llnsects
Dicrurus adsirnilis 2 Ilnsects:
Reptiles Calotes - versicolor 3 |lnsects
Ptyas MUCOSuUs "3 |Small animals
Xenochrophis  [piscator 3 |Frogs,fishelc
Naja naja 1. - {Small animals
Varanus flaviscens 1 |Small animals
Co o {Vipera russelli 1 |Small animals
Amphibia |Bulfo . melanostictus 3 [{insects







Table 4.14 Flood Protected Homestead Area Macrophytes.

MAJOR |GENUS SPECIES | FREQ| USAGE

GROUP = S o L

Trees Acacia nilotica 2 | Construction Cantwheels [ Anvils
Moringa - |oleifera 2. {Vegetable crop  |Fodder Fuel

Shrubs [lpomoea |fistulosa 4 |Fuel Narcotic S
Carica papaya . | 3 |Indigestion Fruit crop | Meat tenderiser
Datura - [fastuosa 2 |Medicinal Fuel I
Ricinus communis { 2 |Rheumatism Fuel : Bank stabiliser

Herbs |Musa sapientum 4 | Fruit crop Vegetable |Religious (M/H)

: Centella - asiatica 3 |Dysentery Emetic Vegetable

Polygonumihydropiper [ '3 |Antihaemorrhagic|
Argemone |mexicana 2 [Medicinal
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Table 4.15 Homestead Macro-fauna in Flood Protected Area beside the Jamuna River.

MAJOR GENUS SPECIES FREQ . FOOD
GROUP: ' . e :
Mammals Callosciurus pygerythrus 4 " |Fruit, seeds
Herpestes auropunctatus 3 |Snakes, small animails
Birds Acridotheres tristis . .3 llnsects
Centropus sinensis 3 - |Fruit
Corvus splendens 3 iScavenger
Passer . domesticus 3 |Grainetc
Sturnus contra -3 linsects
Orthotomus sutoria -2 |Insects
Reptiles Mabuya carinata 4 ilnsects
Callotes - versicolor . 3 |lnsects
Ptyas MUCOSUS 3 {Small animals
Xenochrophis piscator . 3 |Frogs, fish
. . Varanus bengalensis 2 [Small animals
Amphibia Bufo melanosticta -3 . |insects
: Rana. sp 3. |lnsects

CASPOONERANALYSIS\ETAB4.15.WQ1







Table 4.16 Embankment Macrophytes and their Reported Usage.

MAJOR [GENUS SPECIES FREQ USAGE
GROUP . - L :
Trees |Acacia nilotica 4 |Construction’ [Cartwheels |Anvils
: Dalbergia §iss00 3 |Generaltimbery Fuel
Shrubs |Calotropis gigantea 3 ' |Rheumatism |Fuel . Religious (i)
Cassia occidentalis 3  {Excema Fuel
Lantana camara 3 |Fuel . :
Ricinus communis - 3 |Rheumatism |Fuel Bark stabiliser
Heliotropium  [indicum, 2 | Veterinary '
Herbs | Cassia occidentalis 4 {Excema Fuel S
Chrysopogon | aciculatus 4 |Headaches Bank stabiliser |
Echinochloa | colonum -4 -|Fodder Bank stabiliser-
Cassia sp 3 jFuel - :
Clerodenrum |viscosum 3 | Veterinary 1Fuel o
Cynodon. dactylon . 3 | Antiseptic Fodder Religious (H)
Musa . isp. .3 iFruit crop Vegetable. |Religious
Amaranthus | spinosus 2 |Veterinary Vegetable |Fuel
Aponogeton | natans 2 |Fuel . '
Leonurus spo 2: .jFuel *
Polycarpon | prostratum 2 |Vegetable -
Solanum | nigrum - 2 |{Fuel .
Cuscuta reflexa 1 jAntihelminthic
Musa paradisiaca







Table 4.17 Embankment Macro-fauna.

C:\SPOONER\ANALYSIS\ETAB4.1?_'.WQ1

MAJOR GENUS | SPECIES FREQ FOOD
GROUP . _ _ o o .
Mamimals . |Bandicota bengalensis 3 | Gralnetc
Bandicota indica_ 3 |Grainetc
Callosciurus pygerythrus 3 |Fruit, seéds
Herpestes auropunctatus 2 |Snakes, small animals
Pteropus giganteus 2 {Fruit -
Vulpis bengalénsis 2 |Scavenger
Birds Acridotheris tiistis 4 ‘|Insects’
“|Acridotheris | fuscus 3 |Insects
-|Alcedo atthis -3 Fish
Bubuleus " |ibis 3 |Fish, frogs
Copsychus saularis 3 linsects
Corvus splendens 3 {Scavenger .
Lonchura malabarica 3 . |Grain’
. | Pagser domesticus 3 |Grainetc .
Ploceus philippinus. 3 [Grain
| Psittacula krameri - 3 |Fruit, grain
Streptopelia decaocta 3 |Grain
Sturnus - contra - 3 |insects -
Upupa epops .3 jlnsect larvae
Acridotheres ginginianus 2 |lnsects
Athene -{brama 2: [Small animals
Bubo - zeylonensis 2 1Small animals
Centropus *| sinensis 2 |insects, fruit :
Clamator - jacobrinus 2 . |insects
Corvus _ | macrorhynchos 2 1Scavenger:
Dicrurus | adsimilis 2 [Insects = -
“1Dinophim benghalense 2 |insect larvae, worms
Eudynariys scolopacea ‘2 {Fruit -
Gyps bengalensis - 2 - | scavenger
Halcyon smyrnensis "2 |Fish
Milvus migrans 2 {Scavenger -
Mectarinia zeylonica " 2..|Nectar
Oriclus. xanthornus -2 | Fruit, larvae, nectar
Orthotomus sutorius 2 INectar, insect grubs
Pycnonotus jcafer 2 .| Insects, fruit
Streptopetia chinensis 2. |Grain _
Accipiter . badius - - -4 {Fish, small animals
Reptiles Calotes - versicolor 3 |insects .
Enhydris enhydris - -3 | Small animals
Ptyas MUCOSUS 3 |8mall animals
, . |Varanus’ bengalensis 3 |Small animals
Reptile |Varanus sp 2 }Small anirals
Reptile  [Vipera russelli 2 | Small animals
Amphibla__|Bufo melanostictus 2 [Insects







Table 4.18 Highland Homestead Macro-fauna

: C:\SPOONER\ANALYSIS\ETAB4. 18.WQ1

[MAJOR™ GENUS SPECHE
GROUP FEG!ES FBEQ _. FOUOD
(Mammals Mus booduga & T Grain ete
Mus musculug -« 4 1Grain el
CalloSciurus Pygerythras 3 |Fiuit, Seeds, grain
Fleropus giganteus 3 TFrut -
Vulpes bengalensis ~ 3 |Scavenger
Bandicota bengalensis Z _iGrain '
Herpesies auropunctatus 2 [Snakes, small animals
g Lutra utra 1 Fish.
Hirds Acridotheres tristis 4 "[Insecls
Columba fivea 4 7 1Grain
Passer domesticus -4 " |Grain elc
Ardeola alba -3 Fish, frogs
- [Athene brama 3 1Small animals
 Bubuleis ibis 3 FIsh, Tr6g8
Copsychus malabaricus -3 linsects
Copsychus saularis 3. - |Insects
Corvus splendens 3 {Scavenger
Cypsiurus parvus 3 nsects
Dicrurus adsimilis 3 {Insecls.
[{Egretta intermedia 3 |Fish, frogs
alcyon smyrriensis 3 " {Fish
Lonchura -|matabarica 3 ]Grain
Ploceus { philippinus’ 3 {Gram
wlreplopelia decaocta, 3. |Grain
olurnus - {conlra J Jinsects .
Bubo sp 2 [Smallanimals
Bubo 2eylonensis 2 jomall antmals
. [Cenlropus sinensis . 2 [Frui
‘1Govus macrorhynchUs 2 lScavenger
Dendrocitia vagabunda Z Insecls, eggs
Ulnopium jbenghalense £ jlnsecls
Eudynamys scolopacea 2 . [Omnivore
Haliaster. indus 2 - |Scavenger
cthyophaga icthyaetus _ 2 "|Fish
(Milvus migrans 2 Scavenger
Oriofus ™ ‘ Xanthornus 2 [nsects et
Ortholomus suloria -2 Insecls
Fsiltacula . kramer 2 1k, grain eic
yenonotus cafer -, < |Insects,fruit
Accipiter hadius T 1Birds, small mammals
YPS bengalensis T~ [Scavenger
Megalaima haemacephala . 1 insecis
Neéciarinia zeylonica 1 MNectar .
Lﬁeﬁﬁles Hemidaclylus brooki 4 jInsecisin houses
Caloles versicolof 3 |insects I
Enhydris enhydris 3 small animals, frogs
abuyd cannata — J [Insects )
Plyas mucosuUs 3 Smali animals
Xenochrophls niscator J7 -|Fish,Trogs
Varanus trengalensis [ 2 {Small animals
aranus sp. < 1omall animals
Vipera russelli 2 [ormall animals
ungarus caeruleus ¥ 7 |Small animals, gekkos
aja naja g T |Small animals
Amphibia Bulo melanosticta. | - 4. llnsecls etc
ana igrina 2 |Insecls







Table 4.19 Homestead Area Macrophytes and thelr Reportad Usagé.

MAJOR  TGENUS SPECIES FREQ UTILTY
GROUP . .
Troes Citrus grandis 4 TFriiciop ual
Ficus heterophyila 4 1Fruit Fuel o
Mongilera indica 4 |Fruiterop Fodder General timber
Phasnix sylvestris 4 - | Fruit erop Crafts {domastic) Consfruction
Alblzia procera 3 | General timber | Construgiion Boatbuilding
Areca catechu 3 {Cashfiufterop . | Fish traps Construction
Artocarpus heteraphyllus 3 |Fruiterop Genoral imber Cultural
Azadirachta indica 3__|GQeneral imber __{ Antiseplic Fuel
Hombax colba 3 TCTonsiruclion Fibore . Fuel ™
Borassus fiabaollifer 3 _{ Construction Fruit crop Crafis ([domestic} |
Caces nuciterg - 3 JFruitfdrink’ Construction Crafisfiibre
Zizyphus mauritiana 3 |Fuitcrop Foddear Fuel
Acacla " Tnilotica 2 _{ Construction Cartwheals’ Al
Anthocephalus chinensis 2 - | General imber | Fusl Decorations
Apanamixia polystachya 2 1 Genera! fimber Fuel Construction
Cassia fistula " - 2 |General timber Fuel : :
Dalbergia 5iS500 2 | General timber Fusl -
Ficus COMosa .2 '1General timber " | Fuel Medicinal
| Moringa oleitera -2 | Fruitiveg crop - | Gaslric medicing Fodder -
: Po[iaitha Tonglolia 2 | General imber Ornameantal -
 {Spondias pinnata 2 1Fruit fuel -
Syzygium sp 2 | Fruitcrop Genaral imber Fusl
Temarindus indica 2 |Fruttcrap . - [Fueal 1R :
Aegla marmelos i ruit crop {palm) | G-V iract medicine Caneral Umber
Annona reticutata . 1 i Fruitcrop General imber Fue}
Averrhoa carambola - 1 | Fruit Jaundice Fuei
Butea superba 1t [Fuel . Decorative |
Cerbera odollam 1 |timber fuel. ]
Diospyros peregrina -1 ‘1 Construction _} Boatbuilding Commersial crafts
Ficus _ benghlensis 1 | General timber . Wet season fodder | Fuel
Shrubs Calotropis giganfea 3 [ Rheumatism Fusf . {Religious (H}
Heliotropium indicum 3 | Veterinary Eye medicine
Hibiscus rosasinensis 3 {Ornamental Religiois Fuel
Abroma augusta 2 | Gynaecological | Dysentery ruel
Carica papaya 2 |Frutcrop Gastic medicine Meat tendenser
Datura fasiuosg 2 [ Medicinal uel
Ficus hispida 2 {Frut Fusl
ipomeea fistulosa . 2 JFusl tNarcotic :
Ricinus comunis 2 | Rheumatism Bank stabiliser Fuel
Acalypha welkesiana 1 {cuttural : ]
Herbs Bambusa . sp 5 | Construction Crafts {domestic) Crafts {commaercial)
' Calotropis gigantea 5 . | rheumatism {1 Fuel :
Clerodendrum viscosum 4 |Bheumatism Velerinary Fust
Ao barbadensis 4 jVegetabla -
Amaranthus viridis 4 " | Vegetable Fodder
Ananas safivus 3 JFruitcrop -
[ Centella astalica 4 1 Dysentery Emetic Vegetable
- { Chrysopegon aciculatus 4 [Fodder ~ Antihaemorthagic R
Cleoma ' viscosa 4 | Emergency fuel . G
Enhydra fluctuans 2 |Fuel . ; ‘| .
usa sapientum 4 {Fruitveg crop Craft {domestic) Religious {H)
Amaranthus SPINOSUS: 3 . |Veterinary Vegelable Fodder
Aponogeton natans 3 |Fuel .
Argemone mexicana, 3 | Medicinal .
assia occidentalis 3 | Excema Fadder fuel
Clerodendrum |viscosum 3 | Veterinary Fual
Colocasia esculenta 3 | Skin diseases Vegetable crop .
Cynodon dactylon 3 |Anfiseptic Fodder Religious (H)
Ipomoea aguatica 3 |Vegetzable - 1 Fodder ‘
Alocasia indica - -2 { Rheumalism VYegetable Emeargency food °
Leonurus sibericus 2 | Fuel - i
olycarpon prostratum . 2 [Vegelablo 4
Polygonum hydropiper 2 | Antihaemorrhagic'| Fuel
Poriulaca oleracea -2 ] Anti-vomiting Vegetablo
rﬁﬁmgx - | mariimus -2 )
[Solanum nigrum 2
Buetineria Tpilosa 1_ | Bone fractures
Mava veriicillata i [ Medicinal
H = Hindus
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Table 4.20 Pond Bank Macrophytes

MAJOR |GENUS SPECIES | FREQ : UTILITY

GROUP o ' o _ S

Trees Acacia nilotica 4 |Construction Cartwheels  JAnvll
Borassus flavelifer 3 - 1Fwuit crop Dysentery Construction
Phoenix sylvestris . 3 |Fruit crop Crafts = jConstraction

. Azadirechta |indica 1 - {General timber . Skin diseases

Shrub lpomoea . |fistulosa - 3 |Fuel '

' Heliotropium | indicum 2 Veterinary - . |Eye medicine

Herbs Caesulia axillaris 2 . . .

: Centella - asiatica .2 jDysentery Emetic Vegetable
Fimbristylis _|sp © 1 2 |Grazing o
Polygonum | hydropiper | 2 Antihaemorrhagic Fuel
:tSolanum nigrum 2 | -
Vernonia patula 2
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T_able 4.21 Pond Macro-fauna.

MAJOR

FOOD

GENUS SPECIES FRE
GROUP ' : A ' o
Mammals . |Bandicota benhgalensis 3 |Grain
- Callosciurus | pygerythrus 3 |Fruit, seeds
Herpestes auropunctatus 2 | Snakes, small animals
Birds Alcado atthis 3 |Fish C
Ardecla alha 3 {Frogs, insects
Bubuleus ibis . 3 |Fish, frogs
Dicrurus adsimilis 3 [Insects
Halcyon smyrnensis 3 lFish
Streptopelia decaocta 3 | Grain
Sturnus contra 3 jInsects
Acridotheris tristis 2 {Insécts
Amaurornis phoenicurus 2 |Insects, etc
Athene brama 2 |Small animals
- |Egretta intermedia 2 [Fish, frogs
Gallinago henura | 2 llnsects, etc
Merops orientalis - 2 jlnsects .
o “1Oriolus |xanthornus 2 {Insect larvae, etc’
Reptiles - |Calotes |versicolor 3 |insects
: Enhydris enhydris -3 | Fish, small animals
Varanus sp. 2 [Small animals
. : Xenochrophis piscator . 2 |Small animals
Amphibia " |Rana tigrina 2 [Insects
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Table 4.22 Refuge Woodland Macrophytes.

. {Reptile

CASPOONERWANALYSIS\ETAB4.22-23 WO

MAJOR IGENUS SPECIES FREQ USAGE
GROUP || ' : T
Herbs |Bambusa sp 4 | Construction crop : Fuel
Centella asiatica 3 __{Dysentery . Emaetic Vegetable
Chrysopogon  jaciculatus 3 i1Headaches Grazing 3
Colocasia esculenta 3 | Skin diseases Vegetable
Leucas aspera’ . 3 ' -
Phylia nudiflora 3 |Grazing
Smilax {zeylanica 3 jMedicinal
|Ageratum conyzoides 2_.1Grazing
Gnaphalium alba 2
Leonurus sibericus 2
Rumex dentatus’ 2 5 . '
Saccharum spontaneum 2 |Fodder Thatching Crafts
" 1Solanum _ nigrum 2
Vernonia patula - 2
Ammannia - baccifera 1 L C _
Clerodendrum {viscosum “-1 . |Rheumatism Veterinary  {Fuel
Trees ~|Phoenix sylvestris . 3 |Fruit crop Construction - | Crafts
: Polyaithia -|longifotia 3 .|General timber Fuel Ornamental
. | Bombay - ceiba 2 _ iConstruction Fibre . - Fusl
| Syzygium {sp 2 1Construction Fruit crop . |Fuel
Mangifera indica 1 |Fruit crop Fodder Crafts
Zizyphus mautitiana i [Fruit Fodder Fuel
Table 4.23. Bamboo Cluster Macrophytes and Macro-fauna.
MACRQ { GENUS SPECIES . | FREQ y USAGE ]
Herb |Bambusa ° sp - 5 | Construction Fuel Craft
MACRO-| GENUS SPECIES {FREQ | = FOOD .
‘[Birds - [Egretta {intermedia . 4 lFish, frogs ' '
Alcedo atthis -2. Fish -
Sturnus contra 2 [insects
Varanus sp 2 [Rodents, birds
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TABLE 426 A Checklist of the Phytoplankion of the North West Retion of Bangladesh

[CHL.OROPHYGEAE 64"

_ CYANOPHYCEAE 38 [EUGLENOPHYCEAE
Arthrodesmus curvatus Metismopedia tenuissima Nitzschia sp.

1Coelastrum microporum

Merismopedia glauca

Pinnularia gibba

Coelastrum biporum .

Merismopedia minima

Pinnularia tabellaria

Staurastrum acanthocephalum

Chroacaccus turgidus

Cru_cigenia sp. Merismopedia sp. Pleurosigma balticum
Diacanthos belenophorus Lyngbya sp. - Rhopalodia gibba
Eudorina elegans Calothrix stagnalis Rhopalodia sp.
Staurastrum sexangulare Calothrix sp. Cocconeis sp. -

Staurastrum perundulatum |

Chroocogceus sp.

EUGLENOPHYCEAE 6

Staurastrum longibrachiatum

Microcystis flos-aquae

Xanthidium burkilli Microcystis aeruginosa Euglena acus
Pediastrum biradiatum Anabaena fertilisima Euglena aquons
Pediastrum simplex Anabaena variabilis Euglena sp. -
Pediastrum duplex |Anabaena constricta Phacus curvicauda -
Pediastrum tetras Anabaena gelatinicola | Trachelomonas klebsii

Pieodorina Indica

Anabaena spiroides

Pleodorina sphaerica

Anabaena fertilisima

Trachelomonas sp.

Westella botryoides

Anabaena cercinalis,

CHRYSOPHYCEAE 1

Characium obtusum Anabaena tanganykae | Binobryon sp.
Clostetiopsis longlssima Anabaena tanganykans i :
Ciosterlopsis sp. Anabaena cercinalis XANTHOPHYCEAE 1
Mougeotiasp., ~ |Aphanocapsa biformis - Ophiocytium sp.
Ankistrodesmus falcatus Aphanocapsa koordersi "1 Total 137 species
Actinastrum hantzschii Aphanocapsa crasa

Tetrasdon sp. Aphanocapsa banarasensis

Trochiscia reticulate’ Chlorogloca microcystoides
Trochiscia sp. Rivularia sp. .

L Gonium sp. Anabaenopsis arnoldil

Spirogyta sp. Osciltatoria princep

Selenastrum gracile

Oscitlatoria chiorina

Scenedesmus quadricauola

Ogcillatoriasp.

Schroederia seligera

Phormidium lucidum

Microspore tumiduta

Phormidium sp.

Coelasphaerium dubium

Microspore floccose

Microspore sp.

Coelasphaerium sp.

Microspore quadrate

Myxocercina spectabilis

Microspore crassior

Myxocercina barmensis

Ulathrix pelagic Spirulina sp.
Ulothrix sp.. : . -
Cedogonium sp, DINOPHYCEAE 1
Nephrocytium sp.

Gloeotaenium loithsburganianum

Ceratium furca

Golenkinia sp.
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|Gioeatila splroldes

BAGILLARIOPHYCEAE 26

Gloootila pelagic

| Hydrodictyon reticulatum .

Kirchnerislia lunaris

Fragilatia cupucina
Fragilaria tabellaria

Kirchnerielta sp.

|Fragilaria sp.

Cylindrocapsa sp.

Gyrosigma acuminatum

| Qocystis parva Gyrosigma scalproides
Coslastrumsp. S Melosira granulata
Cosmarim subtumidum (Desmid) Synedra uina

Cosmarium sp. -

Surirella robusta (Diatdml

Gonatozygon kinahanii Surirella sp.
Closterium angustatum Cymbeliaturgida’
Closterium kuetzingli Cymbella stuxbergii

Closterium dianae (Desmid)

Cymbelia tumida

Closterium moniliferdm

Cymbella robusta

Volvox carteri

Gomphonema augur -

Gomphonema gracile

Gloeotila spiroides

Westella sp. Navicula exigua

Stigcaclonium sp. Navicula marniscula

Ererella borhanviensis Melosira spp. .
Nitzschia hantzschiana

Zygnema sp.
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Tabie 4.27 (A) Checklist of the Zooplankton Species of the North West Region

COPEPODA , : : Beel River  |Permanent |Temporary
‘ ~ ' |Ponds Ponds
Heliodiaptomus conforts g #* *xw : *k
Heliodiaptornus latifi SR
Neodiaptomus strigilipes. * %
Diaptomus gracilis - o - -
Diaptomus dorsalis -
Diaptomus peregrinator *
Diaptomus sp. * * *
Mesocyclops leuckarti N R | *%
Mesocyclops hyalinus s -
Mesocyclops dybowski > *
Mesocyclops inversus - xx
Mesocyclops distinctus e e
Mesocyciops sp. o gx
Cyclops nanus . = - I ks i wkx I A
Cyclops varicans rubellus : Rl LI '
Cyclops varnalis o *
CLADOCERA ' '
Daphnia longiramis *x *
Daphinia lumholtzi .. S ol *
-Daphnia similis * S £
Daphnia magna . *x
Daphnia galeate : * .
Bosmina longirostaris. ' RX * *
Bosmina coregoni . xRk *
Cericdaphnia rigaudi R e 1 N
Ceriodaphnia laticaudata wx
iChydorus globous - *EEE ki
Chydorus gibbous: *
: Diaphanc‘;s'oma brachyurum *
Diaphandsoma leuchtenb-
" -ergianum kel * * *
Moina brachiate_ LlE L [
Moina micrura = *x *
Moina macrocopa xx
Moina affinis l
‘Moina dubia *
Bosminopsis deitersi *
" Scapholeberis kingi * i
Scapholeberis mucronate *
Simocephalus serrulatus wrx
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Table 4.27 (B) * Checkdist of the Zoaplankton Species of the North West Region

.ROTIFERAL _ Beel River 'Permanent Temporary
L ~ |Ponds ~ {Ponds

“Keratellatroplca FRH i

Keratella cochlearis ' j

Polyarthra vuigaris ' R T 2

AR T

- Filinia opolinesis

Filinta longiseta

Trichocerca cylindrica

E3

*

Trichocerca longiseta *
%

Trichocerca similis *
*

-Trichocerca cochlearis

‘Brachionus forficula ‘ *k

Brachionus calicitlorus - TE

Brachionus falcatus . wE

_Brachionus budapestinensis o **

Brachionus dimidiatus: - *

Brachionus diversicornis . * 1F

Brachionus quadricornis *E,

Brachionus angularis . kel

_Brachionus caudatus ® . TEE

Brachionus urceolaris -~ . * *

Brachionus quadridentatus 1 *

.Brachionus zhniseri LE]

Brachionus havanensis ®

Brachionus forciculata : ki

. Brachionus plicutilis

Brachionus variabilis.

Hkkn

al # % o*

Synchaeta sp..

Hexarthra-mira

Hexarthra intermedia -~ -

Cephalodelia megalocephaly

Columella obtuse

Lepadella ovalis

Lepadella patelia

* A&

" Testudinella patina

Notholca sp.

ESRE T I S S A

“Lecane ohioensis

Lecane luna

Asplanchna pricdonta

Notommata pachura -~

Horaella brehmi

Monostyla quadridentéta '

Monostyla sp.

“Epiphanies sp.

Rotarian neptunian

_Pompholyx suicate

M oW o oW W
*

Anuraeopsis fissa

Anuraeopsis coelata

Linda sp.

Pseudoharingia sp.
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CHAPTER §

ANALYSIS

This Chapter provides 2 more spec:ﬁc analysis of the results of the Survey, and mtroduces a number _
of concepts which are expanded upon in the next Chapter.

5.1 = Water Quality Standards Compliance

The quality of the water at the field sites is recorded in Tables 5.1 - 5.3, whilst current water quality
standards are shown for various uses in Table 5.4. The latter draws on data from both the North West
- Region and from the Jamalpur Priority Project area (FAP 3.1) across the Jamuna. Within the Study
~Area, most water sources ‘meet the requiréments for most uses. However, ground water has
consnstently lower dissolved oxygen levels that an are stipulated for all uses. This is irrclevant, in fact, .
and the purpose of setting a standard which is consistently breached by the only reasonably reliable
source of drmkmg water is Obscure. Slmllarly, BOD and ammonia levels in ground water are
commonly higher. than the stipulated timiis for domestic use, yet groundwater is unquestionably the
preferred and safest soucce, Surface water ammonia levels are also significantly above the standards
set for fishing waters (presumably established to prevent toxmty problems to- fish), yet there i$ no
mdlcat:on that the fish suffer as a consequence, :

Of the other variables, the failure of all water sources to meet the minimum hardness level (hardness
is the only standacd in which a minimum acceptable level is set) is hardly surprising, since the
Jamuna is a soft water, with a calcium carbonate hardness of less than half this standard (FAP 3.1
dafa). The reason for estabhshmg a standard which can only be met by adopting a chemical fix to
- increase the amblent level - a technology which is hardly accessible to the rural poor - is obscure.

8.2 Iodme Defi Ctency

of far ‘more sagmﬁcance is the exlraordmarlly low level of 1odme available from all ground and
surface water sources. The severe iodine deficiency which exists in-a large area of the Region is
undoubtedly related to this factor. However, since the actual concentrations appear to be more or Tess
" constant regardiess of source, yet iodine deficiency is noticeably more common in soine areas than
others, it is possible that some biological source is able to’ coricentrate the element, and may be used
unwittingly in human diets in sonie areas but not others. In view of the serious medical and economic
effects of iodine deﬁmency and the continued inability to provide iodised salt on a regular and reliable
basis, this possﬂnllty is one which shouid be investigated and is further discussed in the Public Health
and Nutrition Study (Voiume 14).

5,.3 . Fertihser Ennchment of Groundwater

It has often been. clalmed that the mcreasmg use of mtrogen—based fertlllsers for agnculture presents
a threat to- groundwater supplies. The most widely used artificial mtrogen—based fertiliser is urea,

which releaﬂes ammonium-ions to the soil. Oxidative processes in the soil convert this to nitrate,
which is directly available to plant roofs, The reason for this concern is that high nitrale
concentrations in. drinking water are known to cause the dangerous blood condition
methaemoglobinaemia in infants, The upper acceptahle limit for mtrate nitrogen in groundwater has

therefore been set at iﬂmgll
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In all wa;er sources tested in this study (except for one surface water contaminated with factory
was_t.es) nitrate was undetectable. Nitrogen in the form of ammonium was generally acceptable, with
maximum levels of only 1.3mg/l, notably in groundwater. However, this is accompanied by low .
dls:solyed oxygen levels in groundwater and slightly raised chemical and biochemical oxygen demand.
This indicates that the small quantity of ammonium which reaches the . groundwater aquifers,
presumably from urea fertiliser use and possibly from livestock ad human urine, is not oxidised to
nitrate in the low-oxygen groundwater in the aquifers. Since urea clearly has a positive visible effect
on crop growth, it is suggested that much of that which is applied is rapidly oxidised in the aerobic

horizons of the upper surface of the soit and taken up by the crops. '

That small fraction which does leach downward rapidly enters groundwater aquifers close to the
s_u_rface, and remains as unoxidised ammonia. We therefore conclude that there is no evidence from
this study that nitrate contamination of groundwater represents any material theeat to human health
in the North West Region. ' -

Conversely, the ¢omparatively low nitrate levels in groundwater suggest that plant growth may be,
fimited by ni_tr_og_en a‘.{ailability; and crops certainly do respond to the addition of nitrogen. However,
that this is not a sufficient explanation is supported by the fact that natural vegetation is capable of
rapid and vigorous growth without having to rely on the addition of chemical fertilisers, once the
‘monsoon season arrives. This suggests that there is another source of nitrogen available to plants
which is independent of human intervention. Since the river and flood waters themselves have only
modest nitrate levels, this nitrogen is almost certainly obtained by nitrogen fixation from the air by
" the Cyanophyceae during the flood season, and by other soil biochemical processes during the dry
season, This topic is discussed in more detail in Chapter 6.

5.4, 'The Major Habitats of the Floodplain
54,1 The Eéo.logical Importance of the Highland Areas

The division of the terrestrial habitats into highland, floodland and lowland has a sound ecological
basis, Each zone has distinct characteristics, and these:are reflected by guite separate, species
assemblages. Viewed from the air, these divisions are immediately clear, with the "distribution -
highland areas forming a discontinuous pattern of trees and homesteads, interlaced with the river
channels. The diversity of terrestrial ‘communities, as shown by the plant species abundance plot -
(Tables 5.5 and 5.6 and Figs 5.1'and 5.2) clearly reveals the tremendous gap between the complexity
of the highland communities compared with those in the floodland and, particularly graphically, the
barren agricuitural fields of the floodlands. S ' _

In this ecosystem, the ecological role of the highlands is paramount, despite their ‘often small
proportion of the total area. The diversity of terrestrial plants in the highlands far exceeds that of any
other habitat, and there are of course many more terrestrial vertebrate species associated with this rich
. fiora. Man also is intimately associated with this habitat, .

" It is not simply that flood free and is the ideal place for permanent shelter, although this i$ of course

~ of great importance. But the ecological significance of the highlands to man is centred on this very
diversity. The Study clearly shows that a very large majority of the plants growing in this habitat have
uses - and often multiple uses - which make rank highland as the second most important scurce of
resources after the agricultural fields themselves. -
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. The ﬂopdplain_ fish are increasingly becoming recognised as a common resource - in tegal and
economic terms, a common good - which is available to everyone regardless of landholding or social
status. :But what is not widely recognised is the undoubted fact that the highland floral resources now

_tepresent an even more significant common good than do the floodplain fish stocks. Despite rural
property rights, the collection of wild plant products is a vital survival strategy. Plants provide
construction materials for shelter, raw materials for a range of domestic and commercial crafts, fuel
for cooking, fodder for livestock, fruit and vegetables, and medicines for a remarkabie range of
common ailments. The value of such resources in real terms is far higher that of the few gramimes
of fish available rarely to-all but the most affluent. ' '

It is theretore relevant to point out that FCD interventions have very little capacity to affect this most
diverse and valuable habitat negatively, except where they directly destroy highland by constructing
banks or access roads to them. Indeed, they may well provide a positive impact, by reducing water
tables during the flood season, and therefore stimulating beneficial hiochemical ‘ processes and
symbiotic biological associations in the soil. But in general terms, the purpose of FCD is to limit
flooding on the floodland - so by definition, it is can have only minor impacts on people’s access to
highland resources. : ' o

5.4.2 The Eco'.iogical Significance‘of Embankments

Terrestrial plant and animal species abundances are high on embankments. Although nominally part
of the floodplain, these represent new highland areas which can be used as refuges during the floods
by a wide ra'nge" of vertebrates as well as man. Whilst the soils of the embankments may be saturated
for short periods at times of the peak floods, they soon drain and provide a suitable habitat for shrubs
and trees which are unable to colonise the floodlands. '

Embankments therefore provide linear habitats which act as migration corridors for many terrestrial
species. By linking highland areas, they permit genetic interchange between populations which would
otherwise become isolated and subject to local decline. Moreover, because these highland habitats are
the centres of diversity on the floodplain, embankments represent a very important element in the
_maintenance of wildlife colonisation and dispersal throughout the -year, in exactly the same way as
rivers act as corridors for the migration and dispersal of aquatic species.

A second tunction.of embankments, especially those used for compartmentalisation, is the provision
of retuges for species which-are important in pest coatrol. The high proportion of insect-eating birds
in the fauna of the embankments indicates their role in natural pest management. Similarly, the high
frequency of insect-eating reptiles such as the common geckoes reveals the value of these habitats for
the control of flies and mosquitoes in and around dwellings situated on the embankments.

5.4.3 Ecdlogy df Disease in the Drier Environments -

 The possibility of discovering disease vectors during this Study has been slight, due to the focus of
attention on terrestrial vertebrates and macrophytes rather than on insects and similar invertebrates.
However, in some pathologies the collection of such data has already been demonstrated to have been

~ of direct value.
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Visceral leishmaniasis (Kala azar) has become progressively more common in the Chafan Beel B area
over the last twenty years, since the construction of the poldérs. Detailed data on long-term trends
in the incidence of this disease are unavailable, and it is therefore not possible to state with certainty
whether the present high incidence in the Chalan Beel/Singra area has been specifically caused by
poldering the area, or is in fact a phase in a cyclic morbidity pattern of the disease.

The disease is caused by a blood parasite which is spread by female Phiebotamine sandflies. It is
generally believed that in Bangladesh it humans without the presence of an animal reservoir. In other
countries natural reservoirs of wild animals are known to exist; these are usually carnivorous

mammals, although it is commonly found in desert rodents in Africa. During this study, it was not
possible to establish whether field trials aimed at confirming the absence of a non-human reservoir
have been carried out in the Study area in recent years. Consequently, the refevance of potential
animal reservoir species in the epidemiology of the disease in this specific area is unclear, although
it may be reasonable to suppose that, if there is a linkage present, this is not at present demonstrable.

However, the potential for wild reservoirs to become established in the future cannot be entirely ruled
out, and it would appear sensible to confirm that the absence of a natural reservoir before introducing
any large-scale treatment and eradication programme in the Chalan Beel area. Reference to the site -
“and habitat species.lists shows that mice, bandicoots and the mongoose (Herpestes auropunctatus) are -
more common in homestead and embankment areas, but less so on floodtand which is unprotected
from flopds. These therefore represent potential reservoirs of Leishmaniasis which may alter
‘'susceptibility to the djsease in flood-protected areas. '

Similarly, the use of the plant database also shows that at least two of the species of plants known to
attract the vector occur more frequently in homestead areas than in floodland areas. Of these both
Musa and Amaranths spinous are commonly cultivated, whilst the latter is also used as fodder and
for veterinary purposes. Their increased availability as a nectar source for the vectors may thus
* increase the habitats colonised by them.

Clearly, such deductions need careful field research before any conclusions can be drawn; but they
do illustrate the value of recording field data in this form to stimulate hypotheses about ecologicat
linkages which may be completely obscure without access to the field information, For this reason,
a complete set of ecological field records is provided as an Annex to this Report.

5.4.4_ The Signiﬁcanée of the Beels in the 'I‘er_r&etrial Context

" The remarkably low species abundances of vertebrates and macrophytes in and around the beels when
compared with the true terrestrial habitats indicates that, whatever their ecological importance may
be, it is unlikely to be significant in terms of the hierarchy of terrestrial habitats. This lowly_pgsition
may provbke' some surprise, since wetlands are generally considered to be particularly diverse
habitats. However, in the specialised conditions of the Jamuna floodplain, where waterfowl play a
very restricted role and where all available land has been converted to agriculture, the beels are now
but a shadow of their former selves, and most of their natural community has long since departed.
_ The‘pres‘e'n't' signiﬁ_canc‘e of the beels as a terrestrial macro-habitat has been subsumed in very many
" cases by the demands of agriculture. Beels represent a very convenient: location for low cost rice
 cultivation, since the soils are inevitably very wet and there is a immediately available surfa_ce water
supply close to the fields. So many beels are rapidly _befzoming encroached on by rice-based
agriculture, and their natural flora and fauna have all but vanished.

: L _ 12 Ociober, 1992 .
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So great is this disturbance that the value of the beels as conservation areas in the traditional sense
has_ almost disappeared. Water birds are now scarce or absent, fish have been seriously over
9xp_l_oited, and those animals such as the otter which depend on them are also under pressure. This
is particularly unfortunate since an alternative source of irrigation water as abundantly available from
tubewells, and the continued encroachment of the beels is by no means essential, especially in view
of the fact that Bangladesh now has a rice surplus. '

However, the value of the beels in the management of both the floodland and the river fish stocks is
a separate aspect to the consideration of their role in the macro-ecology of the floodlands, and this
aspect is discussed in more detail in Chapter 5. - :

5.4.4 The Riverine Habitats

The river banks themselves show remarkably poor plant species abundances. This is likely to be due
to the erosive capacity of the rivers during the flood periods, but the open access (o such land as a
common good may also be a factor, since this provides grazing and browsing by cattle and goats
which soon reduce the floral diversity of habitats. The animal diversity is also extremely low. This
is attributed to poor cover and exposure to disturbance. - :

In marked contrast, the charlands animal and plant diversities are high, being very close to those of
the' embankments. The plant species association -includes a number of pioneer species which are
extremely distasteful to animals (for exampie Ranunculus scleratus), and which play a central role in
the early stabilisation of the river chars. The number of plants which actually have a major functional
role in human communities (ie. are not used solely for medicinal purposes) is proportionally rather
low, indicating that charland has a low resource value to man.

Birds make up the .majoritf/ of the charland vertebrate species. During the Study, the actual frequency
of even species usually regarded as common was low. This may reflect the poor productivity of the
charlands. ; : '

5.4.5 The Padma Riverine Habitats .

The Padma River site is dramatically different to th¢ Jamuna sites examined. Whilst the charlands are
* broadly similar in their low species diversity, the river bank habitat provides a home tor much larger
numbers of plant and animal species, despite its proximity to the city of Rajshahi. The most
significant difference between the Padma and Jamuna Rivers is in their plankton communities. Whilst '

that of the Jamuna is characteristic of fast-flowing, extremely silty rivers, that of the Padma more
closely resembles the plankton of waters such as Andasuria and -‘Bamandangha Beels.

This difference can be attributed to the very great reduction in flow rates in the Padma below the
Farakka Barrage, allowing silt to settle and light to penetrate more deeply into the river water. The
“resultant heavy phytoplankton populations promote strong zooplankton population growth, and this
is reflected by the high productivity and the presence of larger numbers of riverine birds which feed
on fish, frogs and other aquatic species. - :
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5.5  The Dynam.ics of the Plankton Populations
5.5.1 The Cyclic'F!uchmtiom in Species Aliundance

Tables 5. 7 t0.5.14 show how pIankt()n dommance in the main aquatlc habitats ﬂuctuates rapidly from .
month to month. The plot of the analysis of species abundance of the aquatic habitats (Fig 53.)1s
based on data collected in March. it shows the major rivers (apart from the Padma) in a group
characterised by comparatively small numhers of species and of total numbers of individuals. The

Teesta River stands out for its very low scores in both variables, as it falls in diversity earlier than
the Jamuna,

anmination of the field data shows that there is considerable monthly fluctuation in species
abundance in both the phytoplankton and the zooplankton, This will be reflected in the positions of
individual sites on this type of plot - the spacial distribution of these values will change markedly
throughout the year, in a very well defined fashion. In the principal rivers, the positions of the
Jamuna sites-will fall back towards the position of the Teesta by April, and the values for both rivers
will reach the origin by May. This is indicative of the loss of the plankton, and reflects the increase
in silt transportation at the start of the flood season. The effect of the Farakka Barrage on the Padma
will be to maintain the spec:es abundance value at a high level until the Barrage is opened, when the
value will fall to zero almost instantaneously.

The temporary river indekes wilt also fall in a similarly abrupt fashion as soon as they begin tv be
affected by either floodwater or heavy surface runoff, whilst those of the flushed beels will fatl
slightly later. However, the index of those beels which are less stmng]y flushed or which only receive
rainwater or surface run-off, may weil not fall so markedly, since silt tramportablilty will fall as the
current velouty reduces, and phympianklon growth will be maintained,

In the beels, the values will move vertically in this type of plot reﬁectmg the very marked short-term
blooms of individual phytoplankton species populations, and the corresponding slightly delayed
blooms of the zooplankton in response to them. Species richness, however wnll be comparanvely _
stable during the dry season.

However, with the onset of the floods, this situation will change rapidly. In the ﬂushing beels, the
species abundance values will move towards the origin at rates which will depend on the current
velocity and origin of the water which flushes them. Where there is a sudden onrush'of river water
because of a breach in an embankment, the species abundance value will fall rapidly towards zero,
~and the plankton will disappear almost instantly. However in gently. flushed beels, the effect will be
less marked, as the slower-flowing water will deposit its silt load and become more transparent.

§.5.2 Plankton Cycles and the Tiﬁ:ing of Fish Reproduction

'Successive monthly species abundance values far the plankton of different types of site can therefore
be expected to exhibit quite characteristic cyclic patterns of variation during the anaual inundation
cycle. These undoubtedly have considerable implications for the ecology of the floodplain, and
especially for the fish stocks, which need to be more fully investigated before further major
interventions are adopted which have the power to affect thie ecology of the aquatic habitats.
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For example, the ilmmg of changes in composition of the zoopiankton is crucial for the newly-hatched
fish fry. All fish species, regardless of their food requirements as adults, feed on very small members
of the zooplankton immediatety after they commence feeding. The yolksac which provides their food
aﬁer hdtchmg consists of a h:gh-protem food which is essential for rapid growth. This high energy
content protein requirement continues for some days, or even weeks, after the yolksac is absorbed,
so fry at this stage always feed first on Rotiferal, then on the larger Crustacea (Copepoda and
Cladocera).

F!oodplam fish therefore. requlre access to relatwely sheltered ‘waters in which the current veloc:ty
is low enough for tight penetration into the water and phytoplankton growth is possible. This allows
the development of the Rotiferal populations, and subsequently of the Crustaceans which feed on
them. The timing of the arrival of the fry is therefore crucial, and it is noticeable that Rotiferal tend
to be more frequent in the beel zooplankton in May, about the time that the rivers start 10 rise sharply
- (see Table 5.15. )

The resident beel ﬁsh specxes are reported to spawn eariler and many of them lay rather larger eggs _
than those of the major carps. The fry are therefore able to take advantage of the earlier Crustacean .
populations of the beels and temporary river pools. But mev:tably, they then represent a considerable
hazard to the fry of the later-spawning river migrants, which are a very convenient size for them to -
use as their food
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Tabla 5.1 Summary of Water Quality Data for Wells in the North Wast Reglon (Feb.-March, 1892)

Site cod Locatlon Type DO | BOD| cobD] pH | NH4] CI | 804} Fo | :Coliforms.
: S : mgfl§ mafi mall. migh | mgh | mga | mgh] nofi00m}

G6 Chandipur (TRE) DW 0.3 ag.“s ga 8.7 33 QE - 1?1 : 5?8 120
Rto Natore (Ananda Nagar) STW 2.6 7.5 22 6.7 1 20 1494 0.9 160
R19 Galbandha {(Jumar Bari) STW : .91 851 50 7 2 as | 4151 241 - 120
Ri7 Hal_ti Beél (Piprul) 18TW 2.4 g 55| 72104 13 ] 352 i 110
G2 Harudarmg’ Bool STW 0.8 1217 ‘] 65 1.2 6.8 0] 29 . 50
R& Natore (Singre) HTW 221121 42| 68] 1.3 221 851 18 300
G5 Bamandanga Beel STwW 2 22 40 6.7] 1.6 14 0 8 100
G7 Chandipur {TRE) HTW B 40 8] 85| 0.2 4 0] 1.2 100
: Range : Min 0.3 25 o2 6.5 0.2 4 o 098 50

Max 2.6 40 58 7.2 16 38 415 58 300

HTW = hand fubewsell; STW = shallow tubewel! (machine operated); DTW = deep tubswall.

Table 5.2 Summary of Water Quality Data for Beels and Temporary fivers in the North West Region {Feb-March, 1§92)

Sitleced] - Locefion _ Water 0O | BODT COD] pH § NH4| "CI } SO4| Fe | Colitorms
s I : source typs mgfl | m main| - "mgA | mgA | mgh| mgA| no/100ml
Gt |Harudanga Besl - Permarient beel g 4 0} 11 116
R4 . Utraeel Beel (S Central) - Flushed beel Spanianant
R16 Halti Beel (S Centraf) Flushed beel SRR
G4 Bamendanga Beet - Flushed beel s
|Ri18 Gaibandha (Kumir Daha) Flushed beel A
R7 Natore (Singra) Nandokuka R TV | - -
R5 Natore (Solakura) Gur R. (Temp) 80 ;-
A2 Naogoan (Choubaria) Sib R, (Temp): ]
Ra Natore (Chaskor Bazar) Atrai R (Temp) - - 70
Ra Natare (Chaskor Kheaghat) | Nandokuja R (T) 34
G8 Gobindapur Ghagot R, {T) . 40
Range : Min 54 25 12 4 0
Meax 84 BB B85 19 250
Fiushed beels e
Table 5.3 Summary of Water Quality Data for Permanent Rivers
Site cod [ocation Water - . GojBooTcony pH I NR4| Q1 ! S04] Fe 1 Coliforms
oL : source type mgfl ; mgf | maf mgfl | ‘'mg/i | mgA] mgA | no./100ml
Ri2 Sariakandi Fetry Ghat | Bangali B. 83| 115 28t 82| 02 - ¥[ 0O 09 60
[2}] TKurigram [Jorgas Ghaf) . |Jemuna 8. 87]: 26 25] 821 01 6 11.3]| 07 130
G3 Firgacha (Peina! Ghat) - | Teesta R. 845 18 {121 774 02 8} :0] 18 160
Ria | Pabna {Char Pechakala) Hurasagar Fi, 8] 39| 38 8] 03}. 9| 0.1 1T 150 |-
Ri1__ |Rajshehi (Dargarfara) | PedmaR. 82| 4| 40| 81| 02| 14| 225] 7 1000
A15  |Gaibandha (Manos Reg) Jamuna R. 86 . 3] 21| 81| 03 7 0] i6 1000
R14 . |Pabna (Nakalia Bazay) Jamuna B. - 85| 58 30 8] 0.4 41182 12 120
Range : Min ) 8 18 12 77 04 4 0 07 . 60
. Max ) 8.7 i2 40 82 04 14 225 1.8 1000

Note Coliforms = 1000 (actual no. “too numerous to count}
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Table 5.5 Terrestrial Plant Species Abundances.

Code Habitat No of Class
sop Totals
H Homestead (hightand) 72 183
Rt Refuge woodland clusters 22 50
Cw Char wet plain- 22 60
E Embankment 29 60
(ALLL) Ricefield margin- 19. 58
Cb Char wet banks - 18 55
Wm Wheatfield margin_ 47 47
D Char dry plain 16 38
1B Beel i2 43
Po Pond banks - . 12 28
P Homestead (Protected floodland) 10 27
X ‘| Homestead (Unprotected floodland) 10 24
Cc Char. cultivated 8 21
Av {River channel 6 i5
W Wheatfield 3 8
Bb - Bambuo clusters 1 5
~LLR Ricefiald 1 5 |
Table 5.6 Terrestrial Animal Species Abundance
Code : Habitat No of Sp. |individual
H Homestead (hightand) : ‘59 147
E Embankment : 437 108
Rv River channel 42. 107
Po Pond banks . 22 )
X Homestead (Unprotected floodland) 18 46
1P Homestead (Protected floodland} 15 45
Bm Ricefield margin 9 26
W Wheatfield - 6 19
TR Ricefield .5 12
8b Bamboo clusters 4 10
W Wheatfield margin 4 10
B Beel 4 1a
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Tabte 5.7 Phytoplankton Dominance in North West Region Waters in Feb. 1892

GROUP SITE No of |Index Dominant sp Type
sp o
Permanent river BUR 8 1.33 | Microspora . Chlor
Phytoplankton JA2 3 ~ 2 | Spirogyra Chlor
JA3 19 2,64 | Microspora Chior
JA4 13 2.36 | Microspora Chlor
PAD - - 15 1.15 | Microspora Chior
: TEE 8 11,2 | Spirogyra Chlor
Averages s 1] 34 Chlor
Temporary river AT1 19 2,98 | Synedra Bagil
Phytoplankton AT2 2 2| Synedra/Microspora ___|Chl/Bas
L SiB © 10 1.84 1 Ceratium Dino
Averages 158 3411 Mixed
Permanent BEBB. NS - I .
Beels _{HAR i3 2,22 -| Microcystis Cyan
Averages 1 85 222 -
Flushed AND . 13 1.91 | Ceratium - |Dino
Beels BAM - 9 1.1 [Ceratium’ Dino -
HAL - 15 | - 1.97 |Microspora - Chlor
KUM 41 © 1.72 |Ceratium Dino
MAD 11 3.96 jKirchnerielia - |Chior
{Averages - 10.4 213 Mixed
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Table 58 Phytoptankton Dominance in North West Region Waters in March, 1992

GROUP SITE No of [Index-] Dominant sp ~ [iype
. sp : L
Parmanent river BUR 9 1.46 |Microspora Chlor
| Phytoplankton JAZ 3 11.73 . |Bplrogyra . Chlor
: JA3 9. 2.05 |Microspora = - Chlor
JA4 7 213 | Glosotila - Chlor
|PAD 6 11.13 {Microspora Chlor
TEE 3 1.33 |Synedra ' Bac
Averages 3 6.167 [1.64 B Chior
Temporary river ATH 4 1.45 | Ceratium Dino
Phyioplankton . AT2 5 1.46 {Surirella e Bacil
o SiB 2 1.19 | Ceratium _1Dino
Averages ‘ ' ' 55 2061 . L Dino
Permanent beel {888 2 111 [Ceratium - Dino .
Phytoplankion HAR 10 2.2 |Anabaena Cyan
Averages 6 1.656 o o : Cyan
Flushed beel . AND |14 1.02. | Ceratium Dino -,
Phytoplanidon BAM . [10  {1.59 iMicrocystis - Cyan
: o HAL. . 4 2.83  |Euglena Eugl .
KUM - |1 1. |Ceratium . Dino
TR MAD 3 2 . |Microoystis Cyan.
Averages . . _ 64 (1688 - - . .| Mixed
Temporary pond - - |[POND1 |4 214 ]Euglena - JEugl -
Phytoplankton POND4 14 212 jEuglena - - - |Eugl
Averages : 4 213 ] Eugl -
Permanent pond POND2 |1 1 Trachelomonas Eugl
Phytoplankton POND3 i3 1.67 : | Pediastrum Chior
.' POND5 |5 213 |Microcystis. ~ |Cyan
PONDE |4 1.95 |[Ceratium Dino
POND7 |8 2.65 |Pediastrum Chior
Averages 4.2 1.88 Chlor
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Table 5.9 Phytnpla'nkto'n Dominance in North West Region Waters in April, 1992

Graup Site Mo of findex [Dominant sp Type
: S
~ |Permanentriver . {BUR Op 10 None -
Phytoplankton JAZ 3] 0. None _ -
' JA3 7. 134 Gomphonema/Synedra Chlor
JA4 1.0 Synedra Bac
PAD 14 - 2 .| Dinobryon Chryso
: . TEE 4 1.93  {Synedra Bac
Averages : 4.333 [1.3883 - Bacil
Temporary river AT 3 1.9 Surireila Bail
Phytoplankton AT2 B 1.76 |Microcystis Cyan
SiB [¢] a . None
Averages : 1 4.5 1.83 _ Cyan
Permanent beel BEB 5 1.28 ‘| Ceratium “|Dino
Phytoplankton HAR 115 - {14 Microeystis Cyan
Averages - 110 - 1184 | . - Cyan
Flushed beel AND 110 .. §13.65  [Ulothrix . | Chilor
Phytoplankton BAM 12 - 11.76 | Ceratium Dino
HAL 0 1o Dry -
KUM 4 1.54 |Microspora . - {Chior
MAD 7 1.26 =~ jMicrospora Chior
Averages 6.6 | 1.65 : {Chlor
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Table 5.10 Phytoplankton Dominance in North West Region Waters in May, 1992

GROUP SITE No of|index [Dominant sp Type
. - sp .
Permanent river BUR 0 - [o - |None (silty) o
Phytoplankton JAZ 7 1291 [Microspora/Nitzschia Chlor/Bac
' JA3 14 1.9  |Synedra: : Chior
JA4 0 0 None (silty) - , .
PAD 11 |14 |Microspora Chlor
o TEE iR 1 . |[Pediastrum Chlor
Averages . 383 [1.202] Chior
Temporary river AT1 2 1.56  [Microspora Chlor
Phytoplankton ATZ. 4 1.14 [ Microspora Chlor
L SiB 3 [1.61 [Microcystis . Cyan
Averages - 4.5 (2155] Chior
Permanent beel BBB 8 1.07 .| Microspora Chlor
| Phytoplankton HAR 4 112  |Microcystis . Cyan
Averages . . 6 J114 | Chlor -
Flushed beel AND 12 . ]2.71 " jAnabaena Cyan
Phytoplankton BAM 12 1163 | Microspora Chilor
- . HAL .. .\Dry _
KUM 5  |1.17 [Microcystis Cyan
[ MAD 8 1.05 [Microspora Chior
Averages 74 11312 Chlor
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Table 5.11 Zooplankton Dominance in North West Region Waters in February, 1952

-\SPOONER\FIELDDATIETABS.11.WQ1

Group Site No. of{Index | Dominant Sp. Type
. : Sp. ] : .
Permanent river BUR 13 [3.45 [Keratella Rot
Phytoplankton JA2 5. [2.16_ |Cyclops Cop
- |JA3 R None. ™ _
A4 8 1519 [Many Rot
PAD . -11 |3.39 |Brachionus Rot
= TEE 3 (1.5 |Geriodaphnia Clad
Averages .1 6.667| 2.615 .7 Rotif
Temporary river AT1 5 . 1266 |Horella Rot
Phytoplankton ATZ 1147 12,567 |Heliodiaptomus |Cop
' SiB 10 |2.48 |Heliodiaptomus . | Cop.
Averages . 9.667| .2.57.| - . 1Cop
Permanent beel BEB ND - IND [Not sampled o
Phytoplankion HAR 16 [4.52 |Bosmina. Clad
Averages 16; |4.52 . Lo Clad
Flushed beel AND 6 }2.08 |[Heliodaptomus {Cop
Phytoplankion BAM i3 |2.61 . |Keratella Rot
HAL 8 [1.96 [Notholca Rot
KUM 14 12.38. {Ceriodaphnia Clad
5 MAD 6 |[3.43 . |Ceriodaphnia Clad
Averages . 9.4 | 2494 Crust/Rot







Table 5.12 Zooplankton Dominance in North West Region Waters in March, 1992

' CASPOONERIFIELDDAT\ETABS. 12WQ1

Group Site No. of [index | Dominant Sp. Type
: Sp. o o
Permanent river BUR 19 1.46 |Bosmina Clad
Phytopiankton JAZ 7 12.86 [Polyarthra Rot
JA3 10 {65 |Many Cop/Clad/Rot
JAd 4 4 Many Cop/Clad/Rot
{PAD 16 1.6 :|Brachionus Rot
: TEE 1 1 . {Bosmina - Clad
Averages 7.833| 2.90 ' Crust/Rot
Temporary river AT 10 252 |[Mesocyclops: Cap
Phytoplankton AT2 15 2.04  |Heliodiaptomus Cop
. | SIB 8 2.87 |Diaphanosoma Clad
Averages i1 | 2.477 L Cop.
Permanent beel BBB 6 2.22  |Necdiaptomus Cop.
Phytoplankton "[HAR . 5 |3.59 |[Keratella ' Aot
Averages. - 155 [2.91 o Cop/Rot
Flushed beel AND 11. - |1.6 . |Diaptomus. Cop
Phytoplankton BAM 13 13.88 - |Heliodiaptomus Cop
' HAL |7 @ |2.06 [Mesocyclops ~ "|Cop
KUM- g 4.08 |Ceriodaphnia Clad
o MAD - |6 2.1 . |Cericdaphnia Clad
Averages - _ ' 18.2 2.7441 ' 1Cop
Ternporary pond POND1 - |8 1.61 |Brachionus Rot
Phyteplankton POND4 " [12 1.21 |Brachionus Rot
Averages = 6 1.41 : Rot -
Permanent pond POND2' |18 2.43 |Hexarthra - Rot
Phytoplankton POND3 116 5.57 |Filinia. Rot
B PONDSs [12 2.31 |Simocephalus Clad
POND6 |8 3.04 |Simocephalus Clad
_ POND7 (13 - |1.99  (Brachionus Rot.
Averages 13.4 " [3.068 Rot







Table 5.13 Zooplankton Dominance in North West Region Waters in April, 1992

Group |Site [No. of [Index | Dominant Sp. Type
: : R ~18p. .
Permanent river BUR |11 1.77 Keratella - Rot
Phytoplankton JAZ2 2 2 Bosmina/Mesocyclops Clad/Cop
L JAS 0 0. Norie
JA4 g °jo0 None _
PAD |6 2.66 Brachionus/Keratella Rot .
T TEE 0 0 . .
Averagss L 3.167|1.07 5 Rotif
Terporaty river AT1 5 1.48 Diaptomus Cop
Phytoplankion AT2 6 1.24 Mesocyclops Cop
. _ : SiB 6 2,57 Diaphanosoma Clad
Averages - : 5.667|1.76 -
Permanent beel BBB |4 1.88 Trichocerca Trich =
Phytoplankton HAR |5 2.85 Basmina Clad
Averages - . 145 1236 , _ B Clad/Rot
Flushed beel “]AND |7 1.49 Cyclops .. Cop
Phytoplankton BAM 113 - |1.76  |Heliodiaptomus . {Cop
L _ HAL |0 |0 . '
KUM 7 |2.86 Heliodiaptomus Cop
_ : -|MAD |4 1.43 Polyarthra Rot
Averages 62 [1.508 | Cop
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Table 5.14 Zooplankton Dominance in North West Region Waters in May, 1992

Group Site No. of }index |Dominant Sp. . Type
: : Sp. ‘ - L :
Permanent river BUR |0 0 No Jamuna/Teesta None
Phytoplankton |JAZ2 0 ] Species due to
JA3 0 |0 Heavy silt loads
JA4 0 To s .
PAD 6 3.39 Keratella. Rotifers
TEE 0 10 o
Averages 11 - 0.565
Temporary river ATT i3 13 Keratella Rotifers
Phytoplankton AT2 7 2.38 Polyarthra Rotifers
e SIB 9 1.55 Polyarthra Rotifers
Averages 9.66672.31 : ;
.|Permanent beel BBB 4 2.57 Moina/Ceriodaphnia Clad
Phytoplankton HAR 8 4.23° Bosmina/Keratelia Clad/Rot
Averages : 6 . ... [34 .
Flushed beel AND 12 {275 . |Keratella .- Rot
Phytoplankton BAM 16 - |1.63 Heliodiaptomus -1 Cop
L HAL 0 0 Dy o e
KUM 18 2.91 Ceriodaphnia/Mesocyclops .| . -
_ MAD 9 218 Neodiaptomus 1Cop
Averages 7 1.894 Cop/Rot
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CHAPTER 6

DISCUSSION

This Chapter prov:des a descrlpuon of the functional ecology of the floodplam based on ecological
energetics and generalised thermodynamrcs theory and the interpretation and application of the
ecological data collected during the survey.

6.1 Limitations of the Study

: Compllmg a report on the ecology of the Reglon presents a con31derable dllemma The range of data

“collected during this short study illustrates the great complexity of the floodplain.: To provide even

~ asketchy outline of the Region as a functional unit would entail the preparation of a very substantial
volume of analysis. The requirements of this Study, however, indicate that the discussion should be

focused on the interpretation of the potential impacts of proposals for altermg the existing flooding

: patterns in specrﬁc areas. '

This report therefore represents a highly selective examination of the functlona! reiatronshxps of the
terrestrial and aquatic habitats, and of their interactions with the human population, It is in no sense
a comprehensive assessment of the total ecology of the' Region, and should not be assessed or
interpreted as lf it were. -

To provrde a background for the mterpretauon of the data the tuncuonal ecology of the ﬂoodplam id
defined. Only with the benefit of an understanding of the inter-relationships between the two major -
domains - the land and the water - can the role of the human population be defined in a meaningful -
way. This Chapter therefore briefly describes the basic ecologxca! processes on which the integrity
of the floadplain ecosystem depends, and shows how man’ s actlwtles affect those processes.

6.2  Functional Ecology of the Jamuna Floodplain

 6.2.1  Historical Changes'

The Jamuna ﬂoodplam has been profoundly altered by human activities, espec:lally over the past two
. centuries. Human population expansion exerts ;pressures on plant and ammal communities through
exploitation and disturbance, as well as through the more profound disruptions caused by his adapting
the land for cultivation, irrigation and the expansion of seftlements. But whilst the floodplam ecology
has been profoundly changed by man’s activities, the bloioay of those species which remain is strll
intimately - related to the env1ronmenta1 condmons which tormerly existed there.

6.3 An Energetucs Approach to the Anaiys:s of the Fioodpiam Ecosystem

6.3, I The Need for Energy m Bloloycal Systems

 The key concept in ecosystem analy31s is energy flow. AII orgamsms need a renewable source of
energy in order to replace that which they constantly use in respiration, -growth, reproduction and

other activities and processes. The primary source of energy is sunlight, and only plants are able to

utilise thls energy directly. Smce there is virtually no rmportat:on of energy as brochemrcals in the
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main rivers, the ecology of the floodplain is totally dependant on energy capture by plants resident .
there, and the efficient transfer and redistribution of this energy, as biochemicals, through food chains
and webs. The major issue to be clarificd is the location of this energy capture source, since the

whole ecology of the floodplain is dependent upon it. e o :

A detailed analysis of the pathways and magnitude of energy flows within each part of the floodplain

is not feasible. However, a general appreciation of the thermodynamic characteristics of the floodplain

ecosystem is capable of revealing a great deal about the basic processes which govein the direction.
and magnitude of environmental impacts. -

Fn their original state, the species of the floodplain ecosystem, both terrestrial and aquatic, formed
interlinking paris of a stable, highly organised open system which was far ‘from thermodynamic
equilibrium. This system maintained itself in this state by actively accumulating energy from external
‘sources (photosynthesis) and reducing its rate of entropy production to a minimum by efficiently
recycling afl material which had usable chemical energy levels. This is the most prominent and
important of all ecological processes. ' :

" 6.3.2 ‘The Effect of Human Interventions

~Human activities have significantly disturbed this relationship. It is an integral property of such
systems that when they are stressed excessively, they reach a crisis (or bifurcation) point, at which
they undergo a sudden réadjustment to a new steady state. In this new state, the efficiency of energy
transfer is greatly depleted, and the rate of entropy production increases substantially. Whatever final
state may be adopted by the system, the process is irreversible - the original state of the system cannot
be recovered (see, for example, Glansdorff and Prigogine, 1971; Coveney and High field, 1991).

'There are complicated non-linear relationships between the living biotic communities and the
environmental variables which affect them. In the Jamuna floodplain ecosystem, fish form a vital
major energy pathway which links the aquatic and terrestrial habitats. They act as an energy
- harvesting and transfer mechanism, gathering the residual energy left on the flooded lands at the end
of one dry season, and transferring it to the aquatic habitats at the start of the next dry season (Cross,
1992). : ' B ‘

" If the dynamic balance between energy production on the floodlands during the dry season and its
transfer to the aguatic habitats during the floods is destroyed, then the aguatic system will become -

“- unstable. . Agriculture itself diverts most of the energy capture potential of the floodplain away from

the aguatic habitats. The photosynthesis of his own crops stores energy which he then harvests with

. the maximum efficiency - consequently, this energy is no longer available to the aquatic species. .

6.4 _Priméry Energy Capture in the Terrestrial Habitats
6.4.1 The Cycle of .Energ_y Cépture on the Flood lands

" As the present Study has shown, energy capture is by no means uniformly distributed. across the
" whole floodplain. Even in jts original state, before the invasion of the region by the human species,
there was. a substantial spacial disparity. On the highlands and floodlands, the terrestrial plant
* communities are capable of using sunlight to accumulate iarge biochemical resérves, which form the

' primai‘y«énergy source for the whole animal and microbiological com_munities. During't}?e flood
| is interrupted on the floodlands (but not the highlands), because terrestrial plants

season this process I JEUBIAEES . : . :
cannot respire under water. Moreover, the water transparency is too low for effective photosynthesis -
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by the phytoplankton, and only very low populations develop. However, energy capture does not
cease entirely in the floodlands during the flood season. About one third of the species of an
apparently insigniticant class of organisms known as the blue-green algae (the Cyanophyceae), whose
systematic position is not entirely clear, are able to.fix atmospheric nitrogen dissolved in water in
order to produce the protein they need to grow, S |

Thin skins of blue-green algae develop on the surface of wet or shailowly flooded land during the
ﬂood season, and these continue to capture energy when almost all other plants are dormant or .
suppressed by unfavourable environmental conditions. In some sheltered areas some populations of
phytoplankton undoubtedly develop, and augment this energy capture process, but the Cyanophyceae
are probably the most significant source of energy capture on the floodlands during almost half of the
year. : S :

' 6.42 The Role of Soil Organisms in Tervestrial Habitat Energetics

Whilst the detrimental effects of waterlogging on soil chemistry and physics are widely appreciated,
there is a surprising neglect of the biological implications of seasonal flooding. The role .of soil
organisms in recycling the stored chemical energy in crop and other residues after harvesting is
complex and not completely investigated, but it is known that soil energy transfer pathways are.
dramatically affected by changes in the aeration of the soil when they become waterogged. Since
some of these processes are vital to effective nutrient uptake and the oxidation of crop residues in the
soil, these processes are of great economic importance, and are considered below.

6.4.3 Recycling of Biochemical Residues in Floodplain Soils

Just as fish transfer energy captured on land to the aquatic habitats, so soil organisms convert raw

materials in the soil to forms in which they can be recycled. The recycling of biochemical residues

is an important survival strategy used by the biological community as a whole for reducing entropy,

and therefore avoiding the state of final thermodynamic equifibrium represented by death. Only by -
reducing entropy production can an individual, species or biological community increase its energy

content, in apparent contradiction to the second law of thermodynamics - this is the most significant
property of biological systems. : . :

On the floodlands, the most obvious source of energy capture is the process of photosynthesis by the
terrestrial plants, whether they be the wild plants or their modern replacements, the crops planted by
man. But there are three other essential processes, too often overlooked, which must occur if the
efficiency of energy utilisation is to be maximised. These are the recycling of residual biochemicals,
the fixation of atmospheric nitrogen, and the promotion of soil nutrient absorption by trees.

6.4.4 Oxidafion and nyco!ysis

Photosynthesis involves the fixation and: Qombina_ti_on'widl water of atmospheric carbon Eii_.ox_ide,
forming carbohydrates, These contain energy, but are of no vatue to [?lant§ themselves. To utlhse_tpe
energy in carbohydrates, plants use more complex compounds containing nitrogen, but most tlerre'stn:.al
planits are incapable of obtaining nitrogen from the air. Instead they have to use nitrates in soil as their
primary source. Nitrate concentrations in ground water may be too low for ‘maxm.]all growi}.), 50
- farmers have to apply nitrogen (usually, in Bangladesh, in the form of urea, which oxidises to nitrate

in the soil),
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Wh.en plants and animals die and decay, there are substantial reserves of nitrogen locked up within
tl?eu‘ biochemicals. The recycling of these chemicals is achieved by soil bacteria and fungi, using.
different chemical processes, depending largely on whether free oxygen is available. During the
fll}nuai ‘cycle of inundation and dry season, these two processes alternate, but the energetic
implications are substantial, particularly where FCD interventions are likely to result in a significant

: Ch_ange in the air/water ratio in the soil. -
Aerobic prqcesses refated to decay are pre\}a'len_t in Weilfdrained land, whereas 'anaerobic processes
may be more important in waterlogged land. The former involve respiration, which is an oxidative
process fuelled by_ oxygen from the air. They provide an energy-efficient transfer mechanism by

which organic residues may be converted to forms which can be made available to subsequent-plant
growth in the soil. : '

In contrast, anaerobic decay and -recycling draws on the biochemical process of glycolysis. This
- produces far less amounts of the essential biochemical energy transmitters (adenosine triphosphate -
ATP) tha_n are: produced in respiration. The ratio .of ATP-production in aerobic and anaerobic
processes is 18 to 1, although self regulatory processes may compensate for this to some degree under
conditions of fluctuating soil acration, as fungi switch between respiration anid glycolysis.

Consequently, the effect of changing the soil oxygenation regime through the development of seasonal
flooding is the substitution of an energy-efficient transfer pathway by an inefficient pathway, The
incorporation of bipchemical residues into the soil complex in forms which can be utilised by plants

_becomes far less efficient during the flood season, but this is compensated for by the efficient
harvesting of plant and animal remains by the fish during the floods. There is therefore a seasonal
rotation of biochemical degradation, which optimises the conversion efficiency of biochemical
residues, and avoids at least part of the inefficiencies represented by the glycolytic oxidation pathway,

6.4.5 Nitrogen Fixation in the Soil

Many crops and witd plants obtain pact of their nitrogen requirements from a symbiotic relationship
with bacteria of the genus Rhizobium, which are able to chemically fix atmospheric nitrogen as a
primaiy source for their nitrogen requirements. Moreover, the energy efficiency of this: hatural
biological process, which relies on catalysis by organic intermediates within the bacterial cells, is
much greater than that of the Haber-Bosch process used in the industrial manufacture of ammonia
fertilisers.

Rhizobium of various species are able to infect their hosts by establishing functional colonies within
nodules which develop on the roots, a process which is fairly species-specific and is controlled by
specific chemicals (lectins) similar in function to antigens, which are secreted by the host plants
(Bauer, 1977). '

'Some thousands of species of the sub-families Papillionacae, Mimosoideae and Ceasalpinoideae within
" the superfamily Leguminous form this association, and some are both ecologically and economically
_important in the Bangladesh floodplain. The family includes a number of common trees such as the
Acacia widely planted on embankments, and & number of small crop weeds such as the vetches and
. clovers which, are locally common on agricultural land. It also comprises valuable crop and fodder
p]anfs‘ such as clovers, alfalfa and lucerne, and chickpeas, as well as peas and beans used for direct

culinary purposes.
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But whilst neither the wild legumes nor those of agricuitural importance may be actually kilted by.
seasonal waterlogging, provided that immersion is onty short-lived, the root nodules are unable to fix
hitrogen when they are immersed in water.

The developmment of a strong Rhizobium symbiosis in legumes can result in the fixation of 65-335
kg/hafyear of nitrogen (Alexander, 1977). For a review of research on nitrogén fixation by crop
symbionts, see Subba Row, (1988). Not only does this greatly increase the productivity of the plant
itself, it also has a substantial beneficial effect on crops which may subsequently be grown on that
soil. When leguminous crops and fodders are harvested, some of the fixed nitrogen remains in the
soil, as a component of the root nodules. After decay of the crop residue, this nitrogen becomes
available to subsequent crops, so reducing the amount of nitrogenous fertilisers required. | '

Moreover, .this fixed nitrogen is partially in the form of complex nitrogen-containing organic
molecules which are not easily leached by soil water. In contrast, it is common for up to 80% of the
nitrogen fertilisers applied to crops such as rice to be lost from the soil by leaching before it can be
- used by the crops; in some countries this has lead to nitrogen enrichment of groundwater and
subsequent problems-in the aquatic domain..

6.4.6 - The Mycorrhyzal Association of Fungi and Trees

Most trees are capable of forming a commensal rélationship with mycorrhyzal fungi. Some are known
to be capable of symbiosis with both ectomycorrhyzal and endomycorrhyzal fungi, whilst almost all
associate on occasions with the VAM (vesicular arbuscular mycorrhyzae). The ability of many trees
to_obtain nutrients from the soil is enhanced by this association. VAM have been shown to increase
- sulphur, phosphorus and zinc uptake in a variety of trees, including citrus (Gray and Gerdemann,
1969; 1973; La Rue et al, 1975). This capability is lost when soil becomes waterlogged.

6.3 PrimaffEnergy Capture in the Aquatic Habiiats
§.5.1 The Principal (Permarient) Rivers.

Within the river habitats themselves, the availability of energy is highly problematic. The principal .
rivers contain a high silt load, even during the dry season, which enormously reduces light
~ penetration, and this prevents the development of a significant phytoplankton community in these
waters. Only for a short period - perhaps no more than three months each year, between November
and February, is there any significant energy capture by the river phytoplankton. Since light intensity
is at its lowest at this time, the potential for phytoplankton productivity, even were the silt load to be
- reduced, is also at its lowest.. Whilst is not correct to suggest that there is no primary energy capture
in these rivers, the amount acquired from this source is far lower than that captured in an equal area
of the floodplain or the beels during the year.

| 6.5.2 .Energy Capture in the Permanent Beels o

" Unlike other aquatic habitats, the phytopiankton of the permanent beels is dominated by the
Cyaﬁophyceael At least 30% of these ‘blue-green algae’ species have the rem.arkable abi_iity to fix
atmospheric nitrogen dissolved in the water, and they a‘rc? one of the most important sources of
nitrogen in the floodlands. Many form an almost imperceptible skin across the bottom of the shallow
water, releasing oxygen into the water which is required by all aquatic animals. '
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U}‘:fm_ﬂmﬁfﬂy, anumber such as Microcystis and Anabaena occaSionéily release powerful neurotoxing
which can cause sudden fish mortalities, as well as severe reactions in humans, These toxins are quite

capable of killing small children who are already weakened by diarrhoea and other chronic illnesses
if they drink water contaminated with the toxins. '

6.5.3 The Temporary Rivers and Flushead Beels

During the dry season, the minor rivers degenerate into a series of pools of standing water. In these
and the still’ waters of the permanent and temporary depressions known as beels, substantial
phytoplankton poputations develop. These are then heavily grazed by the zooplankton, which develap
slightly out of synchrony with them. This reduces the phytoplankton density, ‘increases water
transparency, and reduces the efficiency of light capture. Populations of phytoplankton and
zooplankton oscillate violently, and these temporary aquatic conmmunities develop 2 short-term cyclic
periodicity, exhibiting fast-changing dominances by different species during the short dry season.

In the temporary rivers and flushed beels the phytoplankton is more balanced, and is usually
dominated by Chlorophyceae. Whilst these are more benign, they are unable to carry out nitrogen .
fixation. So whiist the temporary river dry-season pools and the flusked beels rely on the importation
of nitrogen with floodwater or run-off from the land, the permanent beels are able to capture their
own by using fixation of atmospheric nitrogen by the Cyanophyceae, N

The temporary river dry-season pools and flushed beels are therefore more likely to experience nitrate
limitation of their phytoplankton populations than are the permanent beels. This is likely to be
reflected in their total productivity levels, a factor which it has unfortunately not been possible to
investigate in this Study.

6.6 'I‘hé Anumaly_of the Jamuna Fish Diversity

Despite its low rate of primary energy capture, the Jamuna River is notable for the very large number -
of species of fish which live in it, and for the high apparent productivity of the river, which canriot
be explained by the energy capture capacity of the river itself, The astonishing diversity of the fish
fauna - over 200 species have been described - is also inexplicable when compared with the
remarkably small number of types of habitat which the rivér contains. o

It is clear, therefore, that there must be another energy source which the river fish'are able to exploit,
and that this source must be extremely large if it is able to support such large populations of fish. It
miust ‘also be ‘very diverse, since the fish are clearly adapted to exploiting a very wide range of food
supplies, as is demonstrated by their wide range of food preferences and their varied anatomy and
" digestive physiology.. = : o -

This energy source is the floodplain. When the floods rise in June, the terrestrial vegetation which
has developed on the floodlands during the dry season is suddenly covered with water, as also are vast
numbers of small invertebrates which have made these planis and the soil their homes - insects,
‘spiders, and many more are drowned and start to.decay. The biochemical energy available in these
dead organisms is exploited directly by the fish which invade the floodlands, and this is the source
_of the apparent productivity of the river fisheries. It is also the solution of the anomalausly high
diversity of the fish species, since each is adapted to its own specific source of food supply on these
flooded lands. e | | |
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6.7 The Management of the Jamuna Floodplain Terrestrial Resources

The channelling of energy: flow towards buman ‘needs, by resource exploitation and habitat
conversion, inevitably means that less energy is available to other species. And since the survival of
a species is in great part dependent on its ability to gain access to the energy. sources in its habitat,
thos*_" which are least able to maintain their energy sources become weakened, and will die out unless
specific methods are used to maintain this access artificially, through the deliberate and active
processes of conservation and energy management. . :

Within the present ecosystem, many of the remaining autochthonous (i.e. indigenous) species appear
to be able to exist only if they are tolerated by man, and allocated a share of the energy resources,
either because they are useful or because they inhabit areas not seen as presently usable for human
activities. The remarkable range of uses to which terrestrial plants are put demonstrates the very close
relationship between the rural human population and the flora of the floodplain region. There are very
few plants which have no recorded use, and these are generally so persistent or noxious that it is not
yet worth the human effort of eradicating them entirely.

6.7.1 Biological Energy Management
_ (a) Aquatic Nitrogen Fixation

Yet in comparison with some other countries using similar agricultural production systems, there
seems to be a rather poor appreciation of how the allocation of energy and space in apparent conflict
with the objective to maximise production can actually improve total productivity. The use of the
aquatic fern Azolla has been found to increase overall productivity in rice fields dramatically. This
tiny floating plant forms a commensal relationship with an alga which is able to fix atmospheric
nitrogen - incorporated into rice field soils during iransplanting, it provides a substantial and cost-free
reserve of slow-release nitrogen as well as improving the quatity of the soil.

It can also be used as a source of high protein dried meal, by harvesting it and drying it in the sun.
This product can be stored for a considerable time, and used as a component in both human and
livestock nutrition. It is quite common in parts of the North West Region (for example, many ponds
in the Chalan Beel area are completely covered with Azolla, yet its value is unappreciated.

(b) - Dry-land Nitrogen Fixaiio_n '

It was notable during this survey that leguminous plants able to form the symbiotic refationship with

- Rhizobium and similar bacteria are infrequent on agricultural land. It appears that the pressure on land
resources for human and livestock use is now so heavy that such plants are treated either as weeds,
to be removed before they compete with the rice or wheat, or else they are harvested as soon as
passible to provide fodder for the livestock. o

Yet the absence 6f_leguminous piants as inteit-érfops:in the wheat and véget'able fields results in a loss
_ of the completely free nitiogen which is available through the Rhizobium association. The legumes
do not, of course, compete with the crop for soil nitrogen, since they fix rather more than they need

" through the activities of Rhizobium in the root nodules.
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