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Chapter |

GENERAL INTRODUCTION AND OBJECTIVES

Apatani Plateau of lower Subansini district of Arunachal Pradesh (26° 35" to 28°21' N and
9% A 10 94° 21' 1) dominated by Apatani tribe are involved in Integrated Agriculture
Agquaculture (IAA) in their wet rice fields since many years. The plateau is bowl-shaped
surrounded by high hills and interspersed with paddy fields and bamboo—pine groves. Inhabitants
of this valley are divided into a number of clans and each clan lives in & clearly defined part of
the villuge, They worship the sun (Danyi) and the moon (Pala) and there are several fascinating
myths attached 10 their deities and their origim which serves 1o reinforce their uniquenéss as
compared 1o the neighbouring communities, Almost all their festivals are connected 1o nature
conservation and community welfare,

The Apatani tribe practice the culture of fish in rice fields merged with their traditional
agronomic practices over the past 50 years. This IAA is free from the use of agrochemicals and
additional input of supplementary feed for fish and is popularly known as ‘aji ngui assonii”
(Saikia and Das, 2004). They basically follow the traditional agronomic practices for rice even in
rice-fish combination pertaining to field preparation and maintenance. Field preparation starts in
April, occasionally continues up to lste May, and rice seedlings are planted in May-June, The
straing of common carp (Cyprinus carpio) are stocked at fry stage (3—5 ¢cm), after just ten days of
transplanting the rice and reared in the field for about 3 1o 4 months. However, limited
availability of natural feed and short duration of the rearing period do not allow the fish to gain
much biomass (Halwart and Gupta, 2004), As a result, only 150 10 250 kg ha™ of fish (Coprimus

carpio) per Season are harvested from the system (Saikia and Das, 2004), which is much lower

camparing to similar systems in China (Zhang, 1995; Halwart, 1998),
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Administering supplementary feeding material o the fish the puddy ficlds may
increase the sccondary productivity (Halwart and Gupta, 2004). Laocally availsble ingredients
such as agro-based by-products and other orpanic wastes may be used #s feed input in the
system, which may a promising solution from the perspective of the rural cconomy and
sustainability.

The present research project had the following ohjectives:
. To investigate the environmental quality and the availability of natural fish feed in rice
environment,
2. 'To characterize the feeding habit of the stocked fish along with their food preferences,
3. To select available resources from the agro-based by-products of the Apatani plateay
4. To determine the nutritional values of the local feed ingredients,
5. To formulate the suitable feed using composite mixture of local ingredients,
6. To conduct efficacy test for formulated feed under laboratory candition

. To prepare an extension manual on processing and formulation of the fish feed 1w

promoie rice-fish based farming systems of the area.




Clapter 2
DESCRIPTION ON THE STUDY AREA AND LAYOUT OF THE STUDY
Location

e Apasamt Platean, efineated by the ver Kele, i located m oo Subansin Distoet,
Ziro, Aminachal Pradesh. The platean s bow b-shaped sumsmded by high hills and interspersed
with paddy felds and bamboo-pine groves, The valley hes at an altitude of 1524 m with
tenperatuees on the covler side and s papulation density s 354 person ki The valley enjoys
cool subtropical elimate with L3530 mm anual ramfall. Zino is famons fior padddy-cunm-fish
cultivation. Tt may be mentioned here that the agrarian Wl tribe m this region has enltured fish m
rice fields merged with theie traditional agronomic practices over the past S0 years. Ther
practive, locally termad aff mgud aseonii, free from the wse of agro-chemicals and additional
input of supplementary feed for fish (Saikia and Das 2004). The Apatamis belong 1o the Tibeto-
Mongolid stoek (Haimendorf 1962). Literally the word Apatani is from *Apa’ means addressing
somecne out of attection and “Tani® means the descendents of Abotani, who 15 considered as the
forefather of the Apatani Apatani people perform ditferent ritual ceremonies ke Myoko,
SMurng, and Dree of which Myoko is the most imporiant festival. There are seven major villages
namely Hong, Bulla, Hari, Hija. Bamin-michi, Mudang-Tage and Dutta (Dollo ¢ al., 2009). For
the present study five stations from Apatani plateay were selected (Long. 27°33-27°35'E and Lat.
093°49" 1o 093"30'N). These were Bamin-michi, Hari, Bulla, Hiza and Hong (Figure 2.1). The

study was undertaken to formulate fish-feed using local resources for enhanced fish productivity

in the rice-fish system of Apatani Plateau.
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Figure 1. Map showing the sampling stations
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Climate
Ziro experiences a temperate climate, Summers ane cool, though the area WHRERSES
extensive rainfuall during the monsoons snd winters are cold. The summer scason stans if Apnil
till the end of June and the monsoons start in July and end in September. Winter nets in by
November and lasts throughout February. The climae i largely influenced by the puture B
terrain depending upon altitude and location of place. Annual rainlall in the south is heavier than
that in the northern areas of the district, During the mgsoon prerined more than 70 percent of the
min over the southern hall oceurs while in the northern portions it 14 ghout 6 peroent
Variability of rain fall for the monsoon and the year, a3 whale, are relatively small. Avernge
annual rainfill of the distriet headquarters, Ziro recorded un average rainfull of 59.45 mm and the
total rainfall was T18.2 mm during the year 2012, In the year 2013 the average rainfall was 60.28
mm and the total rinfall recorded was 723.4 mm, Relative humidity 15 always high throughout

the year excepl in the winter months being sliphtly less humid,
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Layout of the study
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Chapter 3

MATERIALS AND MEPTICES

Pl sico-chemical propertics of the viee fiehil waler

Ty omler by dssecss the matural labitat conditimm ol tye stocked Tish e c-lish sysiem
water samples of e vice Nshsystem dunng the fish stowhing sty Wk collered at monthly
intervals from the selected sampling stotwis Il s bemieal panmielers ol the vice-fickl
witter were analysed Tollowing Michael, 1954, Vitowy et aal, THE, Rammesh sl Anbu, 1O
Chapia, 1989 Prapathi and Gowil, 2001
Biologieal parameter of the rice field: plankton and rice-stem periphyton
communnilies

lor quantifative estimuion of plankion and nee-stem periphiyion Lackey's drop
methid (Lackey, 1938) was tollowed Poth the plankton amnd periphylon were sorted out and
identified 1o the lowest possible taxonomie level using light microscope (Magnus MK
pinoculss microscope).  Ientification of phvioplankton and  periphylon was done  at
magntfieation 0% and tha of sooplankton st 10X following Meedham and Mecdham, 1962;

Pentecost, 1984 Rattish, 1992; Anand. 1989, 199%: Bilgrami and Saha, 2004; John er al,

2001 andd APHA, 2002 ete.

Feeding habit and food preferences of stocked lish
To find out the feed preference of the stocked fish in the rice-fish system fish samples

were collected from the rice fields of the study area during three hours of the day ( i.e. 8am-

gam, 11am-12pm, and 2-3pm) and were preserved in 10% formalin. Later on the samples
were brought to the laboratory and iheir respective lengths and weights were noted down,
Intact ssomach was separated from the fish and weighed using an electronic balance
{Shimadzu, Ax200.MNo 1440420098}, Aflterwards, the stomach was dissected and its contents
were preseeved with dml 10% formalin in test tmbes, Later on the weight of empty stomach

?wm also noted. The gut eontents were examined following Lackey's drop method (1 .ackey
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19ARY using b mveroescepwe (Mg MG Binosn b oo rsonge ) Idennificatpey ol gl
comtent of the (sl was dome following stombid ey Wl aml Whipple, 1955 Necdba
aned Meedhom, 19720 Wiswas, 1980 Cild ool Songnipta, 10620 S |48, Vg
VOR4; Golan, 1988 Anamd, 1989, 100K Sonilumam of of PR, Battindi, 19092 Sunben, 199
Cabenlation of dilTerent Teedding inlices were done Tollowing Levinn 1965 and Hoboon, 197
as Tollows;
LUy Bk Drewihs OF ev s, 12060%K)
W )
Wiene,
s b evin's dietmche bremhih,
s Temetion o b o m the alict that are ol vl cotepoy )
I value ramges fronn 1O, shaewn U populintive mmder study iy one resource stale
exclusively amd eoqual i B Ghe. the mmber of axonomic wentity or siee calegnry or
anythmg eategoriomg resonrce or foody whon the poprilation uses ol resource stales.
(2 Rambang bndes (FHohson, 19743
Ranking index of each prey ilem
(Volumetrie scale of prey item! Volumetne scale of all prey iems eombined) x100)
Growth of the stoeked Osh and its nalvient contents

In order o stady the growth condition of the socked sl in the rice field, fish

samples were collected from the rice fickds at monthly inteeval during the fish stocking sta
= HI,':
(May 1o Aupgust) during 2004 by drining the waler from the rice leld through the outler

pipes. The fish samples were kept in bee box lined wilh jee cubes and brought 16 the

and welght were noed down in order 1o
get information on their growth patiern, Total length of the

laboratory. In the labormtory their respective length

fish samples was noted with the

help of o measuring scale in contimetre, The weight of the fish was foied down usi
{f using an
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electronic balance (Shimadzu, Ax200. No 1D440420008) afier drving it with tissue paper. | he

growth pattern of the fish in terms of its body length and body weight was noted Tollowing,

Bhutvan and Biswas, 19832,
MNutrient contents of the stocked lish

Far delermination of nuirient conlents in the bady of the stocked fish in the rice-fish
system, fish samples were collected from the rice ficlds at monthly interval during the fissh
stocking stage (May to August) during 2014 by draining the water from the rice field through
the outlet pipes. The fish samples were kept in ice box lined with ice cubes and brought to the
labaratory. In the labaratory the fish samples were dried in an oven at 60°C for 24 hours alter
which these were transferred 1o desiccators and kept for ancther 24 hours, The samples were
powdered with the help of mortar and pestle. Finally subsamples of the powdered Torm of the
fish carcass afier homogenization were used for determination of nutrient content of the Tish
samples, Determination of the body nutrient of the stocked fish in the rice-lish system
comprised of proximate componenis like carbohydrate, protein, fat, and mincral components,
like sodium, petassium, calcium and phosphorous. Determination of carbohydrate was done
by Anthrone method, Determination of protein was done by Kjeldall method after aciel
hydrolysis (erude protein= total nitrogen x 6.25), Determination of Tl {crude fat) was done
by extracting it by petroleum ether in a Soxhlet apparatus. The macro elements like sodium
(Ma), potassivm (K) and caleium (Ca) were determined by fMame photometer method.
Phosphorous (P) was determined by spectrophotometric method, Determination of al|

[he
above mentioned nutrients were done following standard references as per Raghuramulu ef

al. (1983), Okalebo ef al. (1993), and Sadasivam and Manickam {1996,
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Varmulathon of luw-cosl fish feed

A Nedwidioon wof piewe piderlaly

1 1 !'I.'
e wonly availabie n e
Ve Bormnmbistiig (e Fishi-fesd, v posteeits diich sre commonly &

: , e nd
Aquitinnt Phudenii i bl s (e dgereatients. | hess sre (1) the lehover of processed 3

; ey i in as
ferniienited phoe alie pavgaalitn ul the leal rice heer Aprinizy (4] algae which remain

i l”"lll ”'.'“' |.I|" 11"1" l'-[lhf-r" 'II “I'l_ fpa I]!.'t“l I“ Ih"'. I]‘ﬂ.l'i-"_l"nl l":l‘i. ﬁ,hr’ 1’:‘:‘1 ga:hlt ‘i'{l"!!uﬂ _‘I'-:‘..I'“'ﬂ.l'ﬂ”

it il e ol

W Fornhation af fiske feed
Il wivs umlr.nnll. i lelleer il T,.ru,d;nu',:ii il !urm-:hlul e and a]ga:t: WErns dried

megrrately in el al PG T A% b, Tedlowed by this, esch of the components Were

yepppnlely grinded 1ooa prasedered form in o prinder. The powdered ingredients were then
aibeend in e progeartions (10 gm lefiaver of processed and fermented rice) + (50 gm
e gl i T the pice Deld ) V6 | g parlic paste), Soft dough was prepared using waler
al dsrinind g feanperature, Thin wis followed by pelleting the dough using & pellet
wchine, Vinadly, e peliels ware kep fu drying in aven sl 6G°C for 24 hows.

(' Diviepadination of proxinuee compesifion of the raw materialy and the prepared fish-feed
e watribiensal walue of the raw materialy wied for the fish-feed formulation and of the

Ginsnl prehint, wer vl Tor their prosimate compasition following standard methods of
(gl of e, (19, ¢ Menbebas e e, (1993, and Sadasivam and Manickam (1996)

1, B ffiveey et of the [ish-fred wnder liboratory condition
Aquialtare axperiment wis performed 1o st the efficacy of the fonnulated fish-feed

on fah growtli, Par this, fish fnes were collected from the nearest fish farm, and were
weelimatiaed for A% howrs in an squirium, The feeding trial was conducted for four .
(Ureccniber, 2004) in four experdmental squariums (30 L capacity) @ 12 individuals o
gt b, Vi findies were fed dwice per day st 0830 e and 17:30 hr with three feeding

trentimenin (1, & sipplementathon ol the preparcd D Teed &
\ 1 Y%, 5%, and 7% of the initial

‘-‘Jl,
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body weight of the suscked fish in three differemt experimental aguaria) and Gne control

(where no supplemental feed was given and it is presumed that the fish survived only on the

gvailable plankton in the experimentzl squania). At the end of each week the stocked fish

(three replicates) in different experimemal aquaris were tested for different growth

parameters. The water in the experimental aguania was changed once on the 15" day of the

feeding trial. Growth response, feeding response and survival parameters of the stocked fish

under different treatments were recorded following Fulton (1911), Bhuiyan and Biswas
(19%2), Faturotl and Akinbote (1986) and Lovell (1988).
Water quality parameters which are required for aguaculture experiments were also

enzlvzed for two times- ane set of analysis was done during the 14" day and the other on the

28" day of the experimentz] set up in different aquaria under differem treatments Tollowing

APHA (2012}
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Chapter 4
WATER QUALITY OF RICE-FISH SYSTEM OF APATANI PLATEAU

Introduction

Rice today is grown in 113 countrics in the world in a wide range of ecological
conditions and water regimes. The cultivation of most rice crops in irrigated, rain fed and
deepwater systems offers o suitable environment for fish and other aguatic organisms. (Iver
90% of the world’s rice, equivalent 1o approximately 134 million hectares, 15 grown under
these Nooded conditions providing not only home to a wide range of aguatic organisms, bul

also offering opporiunities for their enhancement and culture (Halwart and Gupta, 2004 ).
Fish cullure in waterlogped rice fields have been known to be practiced in Asia for
5000-6000 years. The earliest record of rice fish culture was criginated from China 2000
years ago (Li, 1988). An early review on rice-fish culture showed that by the mid-1900s it
was practiced in 28 countries on six continents, namely, Africa, Asia, Australia, Europe,
North America and South America (F.A 0., 1957), Countries with a recorded history of rice-
fish culture are India, Indonesia, Malayasia, Thailand, Japan, Madagnsscar, ltaly and Russis

(Halwar, 1994).

Rearing of fish along with paddy is an old practice in India (Alikunhi, 1955} Rice and
fish are immensely imponant to the livelihoods of the rural poor in India as both o source of

nutrition and as a source of income. Rice and fish are considered 1o be the main sources of

food in this region. It has been estimated that rice constitutes as much as 60% of the daily

food intake of the majority of Asians.

However, in this regard, mention must be made that the fish production ia rice fish

system of Apatani Plateau, in fact, is far below the carrying capacity of the field in

comparison 10 similar systems elsewhere, And, in order to increase e fish productivit
ivity

research 15 needed 1o undersisnd the pattern of autrient dynamics in relation 1o fisk
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. s e o, ihe
prodisction in the rice- fish svstem and hased on the nformativn o the T I ol
water gualily parameters were analvand

Hisults and discisswnm

Table 4.1 shows the phivsico-chemcal properties of waler i the rice-Tish system of
Apatari Plateau. In Bamin-michi, high values of pil, 130 g least value free C8) anid PO
gives a gencral indication about the presence of less orgamc matker content n that station.
Greater value of SOoN i Mamine-michi was perhaps dug the leks water depth and
subsquently less water volume in the station and hence the: concenirations ol mitrates
narmicalarly due 10 faccal matters of the stovked fish Ueast salue of wotal alkalinty an Itamin-
michi indicates vers fow bullering capacity of the water there and henoe MHe stressd
condition for the stocked fish, Greater values of BOD and PO-P in Bulla indicates presence
of phosphorous-rich organic matters in more quantities and more microbial activities that lcad
16 the relesse of PO-P in greater amount af that station. Hiza had highest value of water and
sediment temperatures, This raight be due to less water depth at this station and also might be
due 10 the reason that sampling in this station was done when the =olar mtensity was high tha

ale lead 16 increase in air temperature thereby rellecting the close interaction of air, water

and scdiment temperatures in the squatic ssskem.  Hiza also had greater value of total

alkalinity thereby reflecting relatively more buffering capacity of the water in this station.
Low values of phl, IXD and ereater value of free CO; in Hong reveals a relatively stressed
condition in this station. This might be due to more density of planktonic organisms {Figure
43 and also the stocked fish. However, BOD was less in Hong. This was perhaps due 19 more
water depth and hence more water volume that lead to the dilution of organic matters in the
w:lnrmdL:sawnlummpumﬂmkadmhﬁmirmhmmmiuhumm;m_m

value of NOy=N i“m““mﬁmmmﬂhﬂmﬂnﬁ!ﬂkuﬁu&,ﬂh
phvtoplankton which had a highest density at that siation.
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Table 4.2 shows the Analysis of Variance for water propsrties i rice-fish system of

Apatani Pliteas. It showed that all the properties water in the ice-fish system varicd

significantly across stations, months and stations months.

_fish system of Apatani
d that

Table 4.3 shows the comparison of water properties i fice

Platean with relevant standard of freshwater fisheries in warm water. I is observe

except for €Oy, all the parameters of the rice field water during the fish stocking stage were

within the range for freshwater fishery.
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Table 4.3, Comparison of waler properics rice-fish system of Apatani Platcau Wi
rebevamt standard of freshwater fisheries m wanmn waler

Hange in water

-'h iy 5 — T o
e peure e SRR i s
pomd freshwater fisherics in TE‘:TH?:'IIW‘
as per Das ef of., 2015 !::'::r drﬂng s aratihig
Bayd, 1998 stage —
Water temperature ("C)  23-32, *25-35 o # 0-35
Water depth (em) =30, *5-25 - 2-11.7
pli 6,585 74 417
Votal alkalinity (mg 1"} 50-300 - 12.6-77.33
DO (mg 1) 5-To 5:15 5.12-11.28
BOD (mg 1) <10 . f),24-4 44
Free CO; (mg 1) <3 I-10 £.59-19.9
Witrate-N {mg 1) 0.1-3 0.2-10 0.11-12.31
Phosphate-P (mg 1) 005 1o 20 0.005+0.2 0.003-0.137

*Siandard of water temperature and water depth for fish culture in rice-fish system as per standard given by
Tamilnadu Agricultural University, Coimbatoie
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Chapter 5

NATURAL FISH FOOD IN RICE-FISH SYSTEM OF APATANI
PLATEAU

Introduction

In rice rice-fish culture the presence and abundance of food organisms are very
important factors. 1 harbours lots of phytoplankton and filamenious higher algac in It
aquatic phase (Fernando, 1993). All these aquatic fauna and flora play important role on the

averall ecology of rice field. Con The term “plankton” refers to those minute aguatic forms

which are non motile or insufficiently matile to overcome the transpart by currents and

living suspended in the open or pelagic water (Greek plankions, meaning wandering). They
comprise of heterogencous group of tiny plants and animals adapted to suspension in (he sea

and fresh water. Their intrinsic movements, if any, are 50 feeble that they remain essentially

at mercy of every water current. The plankton belonging to plant origin arc called
phytoplankton (phyto =plant; plankton =floating) and those belonging to animal origin are
called zooplankton {zoo = animal; plankton = floating) (Eaton er al., 1983).

The plankton can further be divided on the basis of their size viz., megaplankion-
mare than 8%cm, macroplankton-size vary from Imm to lem, mesoplankion- 0.5-1mm,
microplankton- 0.06-0.5mm, nanoplankton- 0.005 to 0.06mm, and ultraceston -0.0005 to
0.005mm ( Battish, 1992).

Planktons are of immense value as food for fishes and play an important role in the
natural purification of polluted waters. However some plankion form a harmful bloom and
they cause high meriality among the aquatic organism and pose a serious hazard in the water

supply for domestic and industrial use. Plankton also play important role as bio indicator of

water quality
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Periphyton is a comphes mistore of algae, eyansbactena heterstivphic wimbes, ol
detritus that 15 attached o submergad surfaces i mst agiati eovmystmms I v a8 88
iportant food source for inyenebries, padpoles, and some findy il 1 o bt an (e L
sorer of comtamimanis Perphyion s alsay s iant find b it o) vl .|,|.|.|.'Inh P e AL LB w
this community o pollutants can be measunsl at 4 vanen Al times swales representing
physiological to conmmuminy -level changes
Resulis and discussion

Table 5.1 shows the distributivn of phatoplankton in the by arva, 1t reveals the
presence of 77 taxa ot phavtoplankton belonging to vlasses Nacillanmphisveeie, 4 Tlorophyvecac,
Crvanophyveeae, Dinophyeeae, Fuglenophyeeas, and Zygremaphyveac ot of which 43 taxa
belonged 1o Bacillanophyeeae, 13 tava o Chlvrophicess, 12 tana w Cvanophiyeeae, § taxa 1o
Zvenemophyeeae and 1 oeach o Dinophyecae and Fuglenaphyecae, Inall the stations
Bacillarophyecae followed by Chiorophyeeae was the most duivinan phivtoplankton class
(Figure 3.1 The dominance of Bacillariophyecac in the rice-fish systom was due 1o mone
sitica content in the sediment and water which i the major nutrient regquired by the diaroms
(Lukaw ¢f @l 2012 The second dominant phytoplankton ¢lass was Chlorophyeeae which
was perhaps due to low emperature of the rice ficld water, moderate nutrients like NO-N
and POL-P (Mustaphis, 2010) accompanied by better substrates, the paddy plants. Among all

the stations, Hiza and Hong had the highest phytoplankion density (Figure 5.4A), However,

phytoplankton taxa were relatively rich in Hiza and poor in Hong (Table 5.1y, Therefore,

different reasons can be ascribed for the greater density of phyvioplankton in two different

stations of the rice ficld systems. In Hiza the greater phytoplankton density with more

phytoplankton taxa might be due favourable environmental condition (particularly due to

more alkalinity) for diverse taxa at that station. In Hong the greater phyvtoplankton density
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with less phytoplankton taxa might be due favourable envitanmental conditin for seleete

taxa at that station

Table 52 represents the distribution of zooplankion in the nee lish system ol the
study area. It shows the presence of a total of 15 taxa of sooplankton in the study arc
belonging to groups Cladocera, Rotifera, Decapoda, Copepoxda, Calanoida and Diplostraca, A
wtal of 8 taxa belonged to Cladocera, 2 cach 1o Rotifera and Copepida bosides | each to
Decapoda, Copepoda. Calanoida and Diplostraca, It was observed that in all the sampling
stutions Cladocera was dominant zooplankion group (Figure 5.2) therehy indicating the rice-
fish svstem to be free from intense pollution which favoured their growth and reproduction
{Ferdous and Muktadir. 2009). Besides, the abundance of Cladocera also indicates the
presence of rich nutrients with weeds and shallow waters (Sharma ef wl., 2012) in the rice-
fish system. Zooplankion density as well as its taxonomic richness in the rice-fish system of
Apatani Plateau was highest in Han and lowest in Hiza (Figure3.4B and Table 5.2). This was
perhaps due fo greater variations in the water properties in both these station that favoured the
growth of zooplankion community in one station (Hari) while in the other station {Hiza) the

water properties were not that congenial for the growth of diverse rooplankton,
Table 5.3. shows the distribution of rice-stem periphvion in the rice-fish system of
Apatani Plateau. It shows the presence of a total of 56 taxa of rice-stem periphyton in the

study area belonging to classes Bacillariophyeeae, Chlorophyceae, Cyanophyeeae,

Dinophyceae, Euglenophycese, Rhodophyceae, Xanthophyeeae and E}rgmmﬂph}-cmu out of

which 34 taxa belonged 1o Bacillariophycene, 10 faxa W Chlorophyeeae, & ¢
2 axa 1o

Diﬂﬂ'PhFﬂﬂE. Ellg:mnphw. ﬂhﬂﬂﬂph}'nm
Xanthophyceae and Zygnemophyeeae. In all

Cyanophyceae, and 1 each 1o

the sttions Bacillariophyceae was the most
dominant periphvton (Figure 5.3). Hari was found 10 have g
e highest density of per:
periphwtic

community which might be due maximum penetrat e

q‘? penetration of solgr radiation into the wystem
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g = | tht
becawe of the shasllowness of the syslem. whick lead W0 periphatic gm“‘lh- While
M . . r column
periphytic communities was lowest in Bamin-michi shich mas be due 10 deep wale

which limits photesynthesis and retards periphytic growth (Figure 3.40)
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Table S.1. Distribution of phytoplankise in different stations of the rice-fish system ol

l I ——
Apatani Plalean =
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FEuiastrum craseans i

Crometisyyo '
Sce e smimy -
Sprragryra spl i
Sprimzyen sl *
{ listhrin 1
Lo mie l
Cyanophyceae Anahaena '
Aphianizomemos J
Mewtoe - 3
Civeiltori sp - !
Phormiclipem i t
Plhow'miclium woswsiicte . -
Psewduanabacsy 1 *
Sprivnilin ) = 1
Dinophycese Massartia i . ¥
Zygnemophyceae  Micrasterios sl ] ¥
Micristorias 52, - 4
Micrasteriay vacoms - 1
Miscrasteriay fafiaas i
_Euglenophyceae Fagtena + +
Total taxa 77 43 il

*4" indicates presence and =" indicates absewee of the taxa concerned
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Table 5.2, Distribution of zooplankton in different stations of the rice-fish system of Apatani

Plateau
Groups Tara B ' Bamiin-michi Hari Bulls Hiza Hong
Cladocera tlona - . ? ; p
Bosmina i 1 + \ 1
Clrydorus + - - - "
Daphnio = + = § r
Levdigiopser . - ' Z :
\oima # - . - :
Pleiroxis - - + : .
Copepoda Chclops - + 4 .
Cianthocampin + . - = =
Calanoida Diaptoms + - # .
Decapoda  Aowells . + + + M
Palemomeics . - 4 = .
Diplostraca Sida erpsraifing - * 3 = k
Rotifera Asplanctimne - ’ = T A
Brachions X + . ot &
Total taxa 15 3 7 6

=" indicates presence and “-" indicates absence of the 1axa concerned
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Figgnre 8.1, Clasy repeesentation af phytiglsnkion in differe statsmy of e eo=fisk systum ol Apatan Pty
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