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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

,::F"*
xﬁi N

22



| _ | . . ategtod
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
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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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Tahle 5.3, Distribution of rice-stem periphyion in differcnt stations af the rice-fish systemt @
~Apatani Plateau
Taxa

[re—— Wari Bulls Hiza Huong
michi - -
Aelprirriaes i N ' 4 >
Amphara ovalis ! j i i ’
Amphidiom 5 S ' -
Axterionella i - .
Cvmibella . j
Cyelotella i
Digirara -
Encyomemsa E
Epithemia i "
-Frﬂﬂ'qur.l-ﬂ' - -
Flagelleria = =
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Goarphoiemo ¥
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Nerviewln viridin
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Chapter 6

FEEDING HABIT AND FOOD PREFERENCES OF STOCKED FISH IN

Introduction

Apatani tribe dwelling in Apatani Plateay, located in lower Subansiri district of Arunachal
Pradesh, Norh East India, are involved in Integrated Agriculiure Aquaculture in their wet
tice fields since 50 years. This Integrated Agricullure Aquaculture is free from the use of
agrochemicals and additional input of supplementary feed for fish and this unique practice is
popularly termed as ‘aji goui assonii’ (Saikis and Das, 2004).  The cropping pattern of the
area includes mono-cropping of wel rice ance in a year accompanicd by stocking the fish
species, Cyprinus carpio, Being a simple production method, both fish and rice grow
synergistically in rice fish system and hamess the environmental resources only. About 1.5
to 2.5 tha of rice and 150 10 250 kg/ha of fish per season are harvested from such system
(Saikia and Das, 2004), In this regard, mention must be made that the fish production in rice
fish system of Apatani Plateaw, in fact, is far below the carrving capacity of the field in
comparison 1o similar systems elsewhere like China.  And, in order 1o increase the fish
productivity research is needed to g&t complete information on the food, feeding behaviour
and growth parameters of the stocked fish in such systems. Based on the information of the
field condition, appropriate management techniques can be adopted which will resuly in rapid
growth and greater production of the stocked fish in the concurrent rice-fish eultyre,
Till now there is no detailed information on the food and feed ing hahit of fish stocked

in this unique rice-fish system of Apatani Plateay loepted

in the Indian Eastern Himalayan

region of Morth East India.

With the above background information the present ehapier
question like:

AN
i %‘"
A 47 19

tries 10 answer some

34
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il Wt isoahe fosod pretercnce ol th stocked Tsh i the rice lish h}-‘-:llr'|1'|'-1
Luh Wit s e Tewding behaviour ol The stocked Fish?
Hesults aml disenssion
Aler constant observativn, Cyprimes carpio was Tound 10 consumed on plinkion,
peniphyton,  detritus,  and - some miseellancons. T Phytoplankton/phyto-periphyton
covmmities belomp W clesies Dacillanophiyveese Chlorophyeceag, Cyanophyceac
Puglenophyvecie, Zyvpencimophyecae, Rindophyeeae, and zooplankions belonging to groups
Pvotosaa, Cladocern aud Copepodin. Gul content analyses of the stocked fish comprised 2
tal of 27 tana belong o Bacillarophyceac, 14w Chilorophyceae, 5 10 Cyanophyceac. 3
Vaplenophveeae, Leach 1o Zypencntophyeese, Rhodophyceae and Protozoa,7 Cladocera and 4
Copaepanda  Tables. 1)

Niche breadth (Figure 6.1 A) was observed 1o be maximum during evening and
morming hours of the day which reflected that the fish prefer 1w feed during these hours.
Wider miche Brendih refects (he Gish © be on opporionistic feeder, while the namow niche
breadth relects an nereased specialization of the fish and this might be due 1o increased size
wmil competitive ability of the species (Haroon & Pittman, 1998), When the niche breadth was
considered month-wise, it was observed 1o be highest during May and lowest during the
menths June and July (Figure 6.1 BY). The reason for highest niche breath during May mighn
b due 1o maximum availability of food resource and also indicated good food preference and
feeding netivity by the young lish stocked in the rice-fish system, which feeds on the
available food resource, which subsequently declines in the succeeding month. due 1o less
avatlability of resowrce,

Ranking index of different food ilems is presented in Table 6,3, Amongst the

phyvtoplankion/phyto-periphyton  commumitics, Bacillariophyceae occupied the |®

rank
followed by Chlorophyeeae,  Cyanophyeeae, Rhodophycene

¥

R

AN 2

Euglenophyceae,  and
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Zvgnemophyeese. Among ooplankion, Cladocera ranked 17 positicn followed by Copepods
amd prvoson. Amengst the phyioplakaon/phyto-periphy ton clis Bacillanophyeese, the
prefermed wna found in e gut of the Tish were Midosira -I‘.I'Jrrruhm’n"h':.--.'fmf.q.r-'*h'rfrH'M'-ﬂ‘
plaventa™Cymbella. The prefencd taxa o the elass Chlorophyecie was { hchefema
“Sranrastrum, e prefered food sem ol fish helonging lo Cyanophyceac  Were
Phormidinn™ Anabacns™ Noastor For the Chass Rhodophyecae, the preferred food raxa of fsh
wis Rarrachospermun, For the class Fuglenophyceae wis f'-'nm’s'"-=-“‘-"3"ﬂ'"-?3" Traclwlomaonms
and the tasa preferred by the fish belonging to Zygnemophyccac was Miserasierias, Anongst
the  sooplankion  group, the  prefermad tasa of  fish belonging 10 Clrdocers was

Rosming™4lom Macrothein® Chidonorss, For Copepoda the preferred taxa was Cyelap =

Mesoevclinps™Napromus. The preferved food belonging to group Prolozoa was Cemiroprym.

The speches which were ruked fiest. indicating to be the most preferred item for the fish.

21
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Table 6.0, Gut coment (Number of individuals per gl of Cprinis e stocked in
dillerent statsons of the rice-Nsh system in Apatani Placan

Fiytoplankion and | Tava | siatiom | Station 2 Station 3 Pouled
For pleyEo-gresigloy Gon i
clasaf
Looplaiibon group [ 1 I I
Phytoplankion e ——]
Bacillanophyecae Aclonemhies SH LR AT T4 242
{112y ey [ysenny s 1-15)
Lirpdiora B 41200 - el Ned
i1 L0213 N .| B
Ligshasy oivaalin g}uﬁn' = Fei 2732 FERK!
{-25) L LT 1 R
Cvclowelle | gkl K14 077 Thile
21179} {i-14) | 13-100) (55-80) |
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{hapdmii R=140 i 13433 Hitd
(f1-25) (0-13). {0-38] ey
{ Wy = g 417 1+2
,_,"',[i"b""" _1"_-[.1-] (0=}
R yae i 17440 1Red i |
(0-75) [13-21) 0-21) (7471
ittt 2EI2 Sk il fill i kK AEE 18
-4} i0-125) {1631 {2851}
Flisgre il - ITF] T | 4471
0=13) (k= (R {11= 348
Eruinglia ENE] : TE] 147 Bid
= (0-23} . 40-13) if13) i4-11)
I!l|1l'l'l,rlli|'-|hl||."|'|l.lll Ei7 . B4 15422 1ike 2
i0-13) (D-25) (f-38) i8-13)
Mo A5G| 52 j K] 19 Azl ] S27+d 36
{AT1=66T) (B=213) F50-13T1) i 10G-976)
Narvicala 104429 183473 B1224 123444
[ 5E-138) [120-26T) (54-1040 (#1-183)
Norvicala 86,463 110x73 T
ety (25=150) [ 54-197) (104-247) :EE-:::;]
Nervicaln 4947 437 _ T
| rlincacephurla {(-83) {0-13) :Lﬁ
1
Piuanrdaria 2064050 Eui.':u:r L) £3-11)
BBI£I1TE 630£37
(104-304) (6251037 *
TP 1 ) 25-2175) 20%-583
Raphalodia 7 : e (0-4)
ifiba {0-13) 40 [NES L
[ rre— [T e ‘5“'75‘1 {0-29)
(=54} it 28429 |
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FHE R [ 8L
g (=211 {13-T5) 1133 Iql 'I":JI
| Tabeliaria 3§22 N384 3343K , n]:.;:; 0%)
(13341 PLEEES T K (h B— e B
Seriure[Ta . - = =1=ih el
- ' (0-631 21} |
l| Chioropivceae | Anbisprodeamus 347 4£7 * j*i
(=131 (013 L. ;
| .!r"ﬁ..m:':nrr:rr.'lr.'ﬂ =36 " =3 7l
| Li=$0 {0-21)
; Closteriam Na19 Iy 25425 Lims
(0-38) (0-13) (0-501 (+-25)
| £ ammperlum 7-31;[1 42442 23+78 3210
| | | 0-58) (D-83) 10-54) (22-42)
I Plpamildivm T=12 A Jid
l 21 - (0-7)
Docidinm Ty 7 17419 16423
0-150) 10-15) ({381 {4-38)
| Gommesygin - R 411722 1£2
I {0-13) (f-4)
. Hedradicnon : 13213 - 47
| | (=254 [0=13)
| Clocyrilh =7 47 - 322
|01 31 (013} {0-4)
I| Sermedermig T8£19 - 12,5040 1210
| (0-3%) (13-13) 10-19)
Spiroinrn LSk =12 4= 14 26219
| {13-38) (0=211 [ 38-63) i 7-46)
Samir et | P35 fid4= 29 17239 S5ed
(Ti-131) (353520 (=50} {17-94)
Staurarirum - - 7=12 144
bengalenia [O-21) -7}
LTathrin - - E=1d =35
(0-253 (0-8}
Cranophyceas Arnabaena 2}+7 E5 23 42238 2011
L13-25) 0 (0-75) (2142}
Microcystia - - :[ﬂ 1 7%
Noator 2140 26234 daT ’ i:EIJ?-:]}!
(21-21) (1354} (=113 {4-26)
Cheilproria - . :;-;1 g ﬁ*ﬁ
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Euglenophyceas Euglinn = 427 1313 s }
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=14 i:5
| Trachelomona: = 3 (0-25 {0-K)
2147 7412
Iy gnemophycese Mfirerasnerian 4+7 7 (13-25) ‘.[ID-BIIH
] - ;-
Rhodophyceac Bairachaspermum ‘Jlﬁ_:ijz LTV T ;ma
= {44
Zooplankion = : Le3-25) (24-100)
Frotosoa Cerfrapmais - =
4+T7 122
Cladocera Alona RTTE - {0-13y (o
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|| Fiiaperiurg d=7 2 5 ot
| wffinis fLavdip) | 0 = ‘,731{,1" —
| g Poagse 5&:.172 IIEH. i15-1441
| | {TE=280) (3R-T21 T
| Chvidaronia | [Tx0 | ]E-::Ill = (017}
| (=184 {l=22) v
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! _ .
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Figure 61. Durmal (A) and monthly (B) veristions in niche breadth of the
stocked fish in the rice-fish system of Apatani Plateau
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Chapter 7

GROWTH OF THE STOCKED FISH AND ITS NUTRIENT CONTENTS.

Introduetion :

Knowledge of nuirient composition of ‘any food item is an imporiant g,
understanding the links between food production, sccess and nutrient intake and in devising
policies and programmes such as development of improved production technologies (Thilsted
and Wahab, 2014) o ensure that the food production fulfils the nutrient requirement of the
population and to enhance their health and socio-economic condition. Fish has an important
role in food security and poverty lleviation in both rural and urban areas. Anulyses of
proximate composition of o fish species helps to assess its nuiritional and edible value
(Prapasti, 1999: Hei and Sarojnalini, 2012). The nutrient analysis of rearcd fish can give an
assessment of its food composition, its physiological condition and can serve as guide for any
future feed formulations for fish in captivity (Dempson ef o, 2004).

In the present study attempt has been made to determine the month-wise variations in
the growth of C. corpio stocked in the rice-fish system. Attempt has also besn made 10
determine the month-wise variations in body nutrient contents of O carpio stocked in the
rice-fish system of Apatani Plateau.

Resalts and discussion

Growth parameters of Cyprinus carpio stocked in the rice-fish sysiem

Maonthly variations in body length and body weight of Cypwrinus carpio stocked in the
rice-fish system of Apaani Plateau are shown in Figure 7.1, The fipure showed that bath the
body length (Figure 7.1.A) and body weight (Figure 7.1.B) of the stocked fish increased
consisiently from May 1o August. Highest values for body length and body weight of the

stocked fish in the rice-fish system during August indicates the stocked fish attained

maximum maturity during August.
4N 1 g
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Nutrient eontents of Cyprinus carpio stocked in the rice-fish system

: L . “ked
Month-wise variations in body nuirient contents (%) of Cyprinus carpio SI0¢

the rice-fish system of the study area during the study period are shown in the Figure 7.2.
Carbohydrate content in the body of the stocked fish was highest in the month of May
and dropped down in June and again increased in July which again dropped during AUgUS!
(Figure 7.2.A). This is due to the fact that due to sufficient food material in the rice field
during May the stocked fish did nol have 1o invest much energy for feeding which lead 10
preater reserves of energy in the form of carbohydrate in their body in the month of May,
However during June and August the carbohydrate content dropped down which indicates
investment of more energy for survival and gathering food from the rice field during those

maonihs.

Protein content in the body of the stocked Cyprinus carpio was lowest in May and
highest in August (Figure 7.2.B). This implies that there was scarcily of protein-rich food
items in the rice feld during May. However during August there was an increase in profein-
rich food item in the rice field may be in the form of detrital matters which deposited in
greater amount in the rice field during Augusl.

Fat content in the body of the stocked fish in the rice ficld was lowest in May and
highest in July (Figure 7.2.C). This is due 1o the fact that with maturity of the stocked fish
there is greater deposition of fat in its body,

Month-wise variations in sodium content of the stocked fish in

the rice fisly system

showed the lowest value in May and the highest value in July and August (Figure 7.2 D)

This indicates greater concentration of Na in the rice field waler in the sy S i
Ceess 0

fish stocking from which the stocked fish assimilate this mineral nutrient

Month-wise variations in potassium content of the stocked fish in the rice fish system
showed its lowest value in May and
¢
/ ';l' \:?"-

l'\EPI
AY o 23

the highest value in Jupe (Figure 7.2 E), This indicates
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lower concentration of K in the rice field water during Mas sad its grealcy value in June, July

wnd August which entered in the rice field with the runofl st

Meosiih-wise variations in calcium content of the soeked fisk i the rice-fish system

showed that the value was same all throughout the months (Figure 72.5).

Momth-wise variations in phospharous content of stocked fish in the rice fish

svstem showed the highest value in August and the lowest walue in July (Figure 7.2.G). This

indicates greater concentration of P in the rice field water in fune due 1o the effect of entry of

silt-rich rumofi water because of intense rainfal| during Jume.

]

o
"{‘\ﬁﬁr “y’h
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Chapler 8

FORMULATION OF LOW-COST  FISH FEED  USING ”:.L'?Ili*
INGREDIENTS  AND  ITS  EFFICACY TEST  ON  GRO
PERFORMANCE OF Cyprinas carpio

Totroduetinn

gk % ; . . develoning countries, Fish
Fish s an important source of food and moome i the: developing

. . i " h wile . kel S
requires Wigh quatity nuteitionally hakaneed dict b provwth and atlinment af and

within the shorest possible tme, Therelore, local prodiction of fish-feed s very erucial 10
the development and sustainability of agquacalinne. Paddy-cuin-fish culture s praciiced in
sy pars of e world o.p. China, Epypt, Tndia, Tndanesia, Thailand, Victmam, Philippines,
Banphadesh, Malaysia ele (Fernando, 19935 Habwart and Gupta, 2004). In Indin, the agrariun
Aptani hill wibe i the bower Subansin district of Arunachal Pradesh also traditionally
practice imegrated agricobure aguacalivre in the wel rice fields, which is the only prevalent
system amongst the Indian tribal furmers. Enerpy subsidics in the form of agro-chemicals o
feed are not administered in the agro-ceosystem during the culture period, which makes it
very unigue in the context of production. The fishes are caliured along with the nce plant in
the paddy ficlds. The fishes depend on the matural feed such as plankion, benthic slpgae, and
other Teeding materials avaiable in the rice ficlds, However, limited availability of natural
feed and short duration of the rearing period do not allow the Tish o gain much biomass
(Halwart and Gupta, 2004), As a result, only 150 10 250 kg ha'' of Fish (Cyprinus carpio) pee
season are harvesied from the system (Saikin and Das, 2004), which is much lower
comparing 1o similar systems in China (Zhang, 1993; Halwart, 1998),
Administering supplementary fecding material to the fish in the paddy ficlds may
increase the secondary productivity (Halwart and Gupia, 2004), Locally available ingredients
such as sgro-based by-products and other organic wastes may be used as feed input in the

'.|'.|
9"\
%

/:__,6% r«;,*\;" 25
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system, which may be a promising solution from the perspective of the il cconbim anl
sustainability,
In the present study. [ishefeed formulation was done using locally available raw
malerials in the Apatani Platcau. This was followed by the analyses ol the proximue
composition of the fish-feed formulation and an aquaguliure experiment o hest: the
effectiveness of the prepared fish-feed on the overall growth and health performance of the
stocked fish, Cyprimes carpin. Efficacy test was performed also to quantily the proportion of
feed 10 be supplemented i (he rice-Nish system that would be appropriate for optim] gronvih
without disrpting the natural ecological balance within the rice-Tish system.
Hesults and discussion
The formulated feed contains higher dietary protein (22.92%) and less carbobydraie
(2.39% ) and lipids (3.35%) (Table 8.1). Higher dietary protein has ofien been associated with
better growth rate in many fish species {Mohapatra and Tatra, 20043, Although not essentiol,
catbohydrates are included in aguaculmre dieis for their binding activity during fewd
manufacturing (Hassan, 2005), A recent trend in fish feeds is to use bigher bevel of lipids/fats
m the diet (Hassan, 2015), Vitamins are organic compounds which ane not synthesized by
fish, ond must be supplied in the diet. Amongst all the vitamins, vitamin C s probably the
Mot impariant, becpuse it is a powerful antiokidant and helps in maintaining the immune
system in figh {1lassan, 2005). In the prepared fish feed, vilamin C was also available in trace
(G.04%) However, if we compare the proximate composition of the prepared fish-feed witly

the general fishi-feed standard (as per Hassan, 2015), we can see that the quantity of lipid is

relatively less, und that of phosphoroas is mare. So, care has to be taken reganding oo much:

impart of B lnto (e culiure sysicm if e feed is supplemented in Breater quantity

Lilicacy test revealed hundred percent survival of the frics in i Ui Wsvent i

with various treatinents (Table 8.2). Body weight, body benpth, standird kgl dad body

p
Y
e

o 26
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T : p : . 13 e fed with
deprh ol the Fries showed betber perfonmance in reatment 2 (e, when the Tish wer fed w

ST . ol ot el i Wi
e prepared feed G0 5% ol their initial body weight) when: thic Teod conversiin ratii Wikl
| i i : 4 ; . s ae fed with the

lowest. Weight poin was highest i Treatment 3 (e, whin the lish were fed

prepared Teed G 7% of their initial body weight) where the e conversion was highest.

A T sreale s in
However, specilic prowth rate and condition Taclor showed sienilicantly greater vitlue
treatiment | (e, when the Fish were fed with the prepared feed @ 3% of their initial body

welpht) where the feed conversion ratio was slightly grester than the lowest value (i

treulment 1)
Different Teeding treatiments in the experimental aguania showed that heody length and
Wody depth increased with increase in the supplementary feed 6 treatment 2. However,
larthier increase in the supplementary feed decreased both the hody length and body depth
(Fipure & LA and B3 SGR showed boter performance when the fecd supplementation
s Jes (Fipure B 1LC ) Condition facior shightly declined when the fish were net given any
feed or when the Tocd supplementation was greacer (Figure 8.1.1). All these therelore show
that Fish can prow oo betler way when they are provided with aplinium quantity of feed,
Therefore, considering all the parameters of growth, feelding and survival conditions,
i may be concluded that the fries of Oyprimies covgpio would prow imoa better and healthier
wary i they are fed with the prepared Teed i 3% of initial their body weipht while stocking in
ppuacu e sysiem.
Water quality was monitored before amd afier supplementation of the prepared Tish-
feed Tor Tour weeks in the experimentul nouaria, and it varied between different s
(Table 8.3) However, when comparcd with the relevamt standard required for fresh-

sl

warm water Tishery (Boyed, 1998 and Das ef of,, 2003; Table 8.3), the water quality in all the

aepuaria were within the standards except the water tomperature. This was due 1o the sensanal
effect, as the experiment was conducied during (he month of December, 2014,
) q']"ﬁ "‘QH
r 27
AR o
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: i and survival parameters of
Table 8.2, Veeding response, prowih response, miricnt utilization and suivival para

Cypreimis carpio T fed with varyimg quantitics of the prepared tisl

wlewd i experimental aguarss

Paramgeicrs I Coutrol | Vretment! Treatmentl Freatmentd P
eeding ia 3% | (feeding (@ 8% | (Feeding (@ 7%
of the {uitial of the iniginl ol the initial
by by anly
welght of the | welght of (he | welght of the
stocked fish) st fish) stacloed Tish)
I'l.‘c'llurq._'ll:n WL a 'I-Iw.;'ﬂ-:r! Gl { H-'l-'_l[, .‘_'_” -
Lirvath ‘] Phasily swenglil () 4.0 508 5,78 51 LE
PSS 1025|1008 1007 0. ——
Wody lenptigemy | 200 | 733 700 1.8 .04
| R | s ]
"!.‘i.l-rilul;li.d.lm}_',luh l_ul.1l'l 543 Bl (R E 574 (LU
O U L1 My 111 —
Ty dhepih (o) e |08 21 207 6.74%
s L0 Hgs LA _
Specilic prowthorme | 207 51K 1.5 4,11 1619
_________________ (" ki) LU S O LR
Walnent Fevd comversion . .26 014 11 £t 1.39
uiiliznbon | rabie for | LONT LIS 10,25
tersime in hasdy
weigh 1 -
 Vewd comversion rutio | - 2668 18720 i 744 3139
for | ki inerease in 122,54 149 (1 L2804 1
besdy weigh n -
Survival | Suevival e i (1111 i 10" - ]
parameters | -
Cpndigion fuctor (LY 1.45 1.32 1.3 f 9% Y
| 008 | 1o 10,08 W

Mean 45E; n=16; **p=0.01; * p<0,05
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Chapler 9
GEN I-",la' A

L DISCUSSION AND CONCLUSION _ ——

) SR inp locally
The present study was underaken 1o formulate low-cost fish feed uSINE

2 FORrr ch production
svailable agro-based wastes, The study was done in context of increasing fish p

; . " : lapdscape in
through supplementation of low cost fish feed in the rice-fish system of Apatani e

Arunachal Pradesh, Norh-cast India.

fn the present study attempt was made 1o know the habitat condition, food

availability, feeding, and growth and putrient assimilation of the stocked fish in the rice-fish
system of Apatani Platcau, Fish feed formulation was prepared using locally available BEFo-
based raw materials in different proportions, This was followed by nutrient analyses of the
feed formulation and an efficacy test of the formulated feed on growth performance of the
stocked fish under laboratory condition.

In order 16 know the habitst condition and food availability of the stocked fish, a total
of five stations {villages) were selected. For gut contenl analysis and snalyses of diflerent
feeding activities of the stacked fish besides analysis of its growth performances and nutrient
nesimilation from its habitat, & 1lal of 3 siations (villages) were selected. In the entire field
study sampling was done at monthly interval during the fish stocking stape. For detailed
analysis of the feeding activities of the stocked fish sampling was done 3 times a day
covering morming, noon and evening hours,

The physico-chemical properties of water of rice fish systems (Tables 4.1 and 4.2)

showed significant variations with respect to stations, months and stations x —
onths. These
51 | . S ¥ r "
enificant variations indicate the system to be highly dynamic in nature both, spatially and
u u : 3 }r nn
tempaorally. Physico-chemical properiies showed that the pH of rice field
Waler

. - in the rice-
fish sysiem of Apatani Plateau slightly fluctuated from slightly acidi i
i€ 1o slightly

alkaline

runpge {4-7.7). Besides, it may be mentioned here
¥ that the valiee of W d
ler depth in the rice-fis
h
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system ranged from (2 to 21.7 em) indicating it to be a shallow system, When the physice-
chemical properties of rice field water in the rice-Tish system was compared with the standard
water properties for fresh water fishery (Table 4.3), it was observed thal the value for €02
was high during some months of fish stacking period which reveals that the stocked fish can
survive under the unfavourable condition which might be partially due to the hardy nature of
Cyprins carpio (Singh ef al., 201 5y and/or partially due o presence of refuge trenches in the
rice-ficlds that facilitate the movemeni of the siocked fish from adverse circumstance in the
rice field.

Investigation of planktonic (Tables 5.1 10 5.2} and rice stem periphytic commuiities
(Table 5.3) present in the fice-ish system of the Apatani Plateau revealed that the
phytoplankton  and phyto-periphytic algae were mare diverse communities than the
zooplankton communities. Bacillariophyceae was the most dominant phytoplankton and rice-
stem phyto-periphyton class in the rice-Nish sysiem (Figures 5.1 and 5.3). (ladocera was the
most dominant zooplankion group in the rice-fish system (Figure 3.2).

Gut content analyses {Table 6.1) revealed {hat the stocked fish in the rice-fish system
consumed plankton, periphylon, and some miscellancous ilems including detritus. The
ph:,rluplanl-:mnfpcrlph:,mn communities present  in  the pul belonged 1o classes

Racillariophycene, Chlorophyceae, Cyanophyccae, Euglenophyceae, Zygnemophyceae, and
Rhodophyceae. The zooplankion communities present in the put belonged 1o the groups
Protozoa, Cladocera, and Copepoda. Gut content analyses of the stocked fish comprised a
total of 27 tuxa belonging o Bacillariophyceae, 14 to Chlorophyceae, 5 1o Cyanophyceae, 3
to Euglenophyceae, | each to Zygnemophyceae, Rhodophyceae and Protozoa, 7 to Cladocera
and 4 to Copepoda. The gut contenl study revealed a close relationship of food
intake/preference with the available food items in the rice-fish svstem. The gut content

analysis of the stocked fish revealed it to be omnivorous in nature,

.e"?;‘ {\
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. ; i veptng and MO
The niche breadih of the stocked fish was maxunum during cvening ant 1

. : SEeeant HEMS
hours of the day (Figure 6.1.A) which reflected that the fish prefer 1o feed on difterent T

. . : s . . dapraage m niche
during morming and evening hours of the day. While during afiernoon the gasreas

o rE 5 T i Ii_ 'h: ﬂ“d
breadth is perhaps due 10 extreme environmental condition due 10 intense suniig

3 ice Meld
increased water temperature which inhibit the stocked fish for free movement in the nce

and most of them take refuge in the refuge trenches of the rice field. When the niche breadth

was considered month-wise, it was observed o be highest during May and Jowes! during the

months June and July (Figure 6.1.13). The reason for highest niche breath during May might
be due to maximum availability of food resource with the onset of fingerling stocking. This
indicates greater food prelerence and feeding activity by the young fish stocked in the rice-
fish system, which feeds on the available food resource, which subsequently declines in the
succeeding month due 10 less availability of the food resource, The wider niche breadth
during May also reflects the stocked fish 1o be opportunistic feeder.

The ranking index of the food items of the stocked fish (Table 6.3) shuwed thal
amongst phytoplankton/phyto-periphyton classes available in the rice field, the fish fed more
on Bacillariophyceae followed by Chlorophyeeae, Cyanophyceae, Rhodophyceae.
Euglenophyeeae and  Zygnemophyceae. Amongst  the phytoplankion/phyto-periphylon
belonging to class Bacillariophyceae, the preferred taxa found in the gut of the fish were
Melasira > Pimlaria = Navicwla > Navienla placenta = Cymbella. The preferred food item
of fish belonging to Chlorophyceae were Docidinm > Staurastrum > Spirogyra, The preferred
food item of fish belonging to Cyanophyceae were Phormidium™> Anabaena >Nastoe. For the
Class Rhodophyceae, the preferred food taxon of fish was Batrachospermum. For the class
Euglenophyceae the preferred food item was Ewglena > Phacus > Trachelomonas and the

taxa preferred by the fish belonging to Zypnemophyceae was Miscrasterias. P—

zooplankton/zoo-periphylon groups available in the rice field the fish fed o 7
/ ﬁn, ‘Qﬂ
.hll
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tomi = Maveothrs > Chvdororus. Under the group, Copepoda the preferred (s WS
Cyelips > Mesocvelops = Diapitomttis IThe preferred food belonging o ETOUF icocnutin
Centropyris, The preferred  food items of  the stocked €. carpio Was more b
phivteplankton/phyto-periphyton  communitics belonging 1o class Bacillariophyceae and
souplankion communities belonging w group Cladocera

When the growth parameters of the fish were obsorved. it was found that both the

bowdy weieht and body length of the stocked fish increased consistently from May 10 August
(Figuee T.10Y. Highest values tor hoxdy weight and total length of the stocked fish in the nce-
fish ssstem during August indicate the docked fish attained maximum maturity during
August.

Body nuteiest content of the stocked fish revealed variations in the proximate and
mineral nutrient compositions i the body of the stocked fish with respect 1o months (Figure
7.2, This indicates variations in the availability and type of food across different months
leading 1o monthiy variations in the body nutrient content of the stocked fish.

Earlier study by Saikia and Das (2004) revealed that the production rate of C. carpio
in the rice-tish system of Apatani Plateau is far below the carryving capacitv of the field in
comparison 1o similar svstems eclsewhere. This therefore, indicated the necessity of

supplementary feed for the stocked fish 1o increase their production within = short period of
time. In this regard, the fish feed formulation was performed using locally available

resOurces
'mnrd:'rl.-nn.‘dum:ﬂf:ﬂnﬂﬂffmdpmdu:lhimmhmﬁmdmimhMF“ fucti

within Umited time an the other.

MNutrient content analyses of the formulated fish feed mnwﬁdhmheﬂmnmm
the standard fish feed material (Table 8.1). Efficacy test was performed with formulated
3 Feed

T miﬁmﬂnhk!ltﬂﬁmﬁ-llmmv siggents that, the socked
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fish would grow much Gster i the prepared fish-feed is supplemented =& )
| F - s e e AICE ficha.
svstem of Apatani Plateay @ %= of their initial body weight while stocking %
d - . nderstanding
However, further studics following, wn-farm feeding trials would enhine our B
o the growth behaviour of te fishes i this system. e
: i som of fish n
Overall, the study hishfights the possibility af increasing the productm &
sl 4 acwes which would
Fice-fish system of Apatani Platean by exploiting the existing agro-based W
wmic relums 10
definitely resultl in more per capita fish-protein consumption and betler oo
the local people of the Apatani landscape in sustainable and eco-] ricndly ways-
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-cost fish-

Raw materials locally available in the Apatani Plateau for preparation of low

Plate 3. Leflover of processed  and Plate 4. Filamentous algee clumped near
fermented rice after preparation of the the rhizosphere of the rice plant in the rice-
trzditional rice beer, "Apong’ fish system
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Plate 5. Steps involved in formulation of fish feed, (1) Collection of
of raw materials, (3) Raw matenials in powdered form, (4)
Put the dough in & pulletizer, (6) Fish-feed
Fish-feed ready to be supplemented in the fce-fish system

periphyton, (2) Girinding
. Uoughing the raw materials, (5)
pelleting, (73 Oven drying of the fish-feed, (&)
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Plate 6, Conducting meeting and discussion with the villagers related o fish feed
formulation and its application in the nee-lish system
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Extension bulletin

PROCESSING AND FORMULATION OF
ECONOMICAL FISH-FEED FOR
SUPPLEMENTATION IN RICE-FISH SYSTEM
OF APATANI PLATEAU
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INTRODUCTION

Careseninig fish in cwater res, 18 an rnpnrtant source of proten food ag
nell an g wellenenn mesars of farmly incame in the developng countnes.
[hie antivity termen simply an fish culture’ always requires mgn guality
rutritinrially balanced fish diet for attaning a good growth of tultured
Fiohiese, wiithin s shinn dueation. Localized production of ish-feed is therefore

sery npeirtant fur the desselnpment and sustainabulity of such aquaculture

In thin contex!, mention may be made of an agrarian hill tribe known
an Roatan in lower Subansin distnict of Arunachal Pradesh, North East
India The Ekpatanis are habituated in integrated agriculture aquaculture
tradtionally in their we rice fields since a long time. Their practice, locally
termed ‘ajingul aasenil s free from the use of agro-chemicals and
additiunal input of supplementary feed for the reared fish. So, the fish
producdion in Apatan rice-fish systemn is less compared to similar systems
around the world. Therefars, furmulating a fish diet within the least possible
ot using locally avalable resources to increase the fish production and
manmize profit has been conceptualized for the welfare of the farm
families of the area. The ingredients of feed that are cheap but rich in
nutrients for optimurn growth performance of the stocked fish have been
selacied very carefully o design such a compatible quality of fish feed.

The method of feed formulation involved blending of feed ingredients
inte nutritionally balanced diet, which should be economically rational, and
could be used as per requirement to increase fish production in rice-fish
system within the duration of cullure period. The processing methods
which included sourcing, mixing, pelleting, drying and storing was also
very crucial as it determined bioavailability of the nutrients, feed acceptability.
:hﬁﬁwwﬁfﬁmﬁw.mmnmmmemm
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' FORMULATION OF FISH-FEED

(1) Raw materials

For formulating lish-feed for stocked fishes in Apatani rice-fish system,
ingredients readily available in the household and rice-fish system of
Apatam Plaleau have been laken as raw materials. These ingredients
ares (1) the leftover of processed and fermented rice after preparation
of the nce beer, Apong, a traditional drink for the locals, (2) filamentous
algal mass forming  clump near rice rhizosphere in  the rice-fish

system, and (3) garlic (Allum sativum ) an widely used spice lo act as

antioxidant

(1) Nutrient composition of ingredients

In order 0 determine the nutritional values of above mentioned raw
matenals of the fish-feed, analysis of nutrient content was done
\Raghuramulu et al., 1983, Okalebo et al., 1993 and Sadasivam and
Mamckam, 1996) Major nutrient contents of the locally available raw

malenals are shown below:,

Locally available raw materials for fish-feed
formulation

Leftover of processed Filamentous algal

and fermented rice [mass fqmingur:lump in
rice rhizosphere under

after preparation of the
I'i*l';; h':.Er_ Apong the rice-fish systam




(Ili) Techniques used for fish-feed formulation :

Following steps were followed for the purpose
Step 1: Drying of the residues of Apong (leftover of processed and fermentad
rice residue), algal mass collected from the rice fields and garlic separately
either in an oven al 70°C for 48 hrs or using the indigenous ‘chulas’
Step 2: Grinding of the dried materials into fine powder using a grinding
machine or indigenous mortar and pestle.
Step 3: Mixing of the powdered raw matenals in the following proportion

(i} Residue of the Apong 1100 gm

(i} Algae powder : 50 gm

(iil) Garlic (ANium safivum): 1 gm
Step 4: Preparing soft dough using water (at normal room temperature)
Step 5: Making pellets of the dough with the help of pellet machine

Step 6: Drying pellets in oven at 60°C for 24 hours. At farmers level these
may be sun dried /or by using ‘chula’

(IV) Nutrient contents of the feed

The following table shows the nutrient contents of the prepared fish-feed

%)




FLOW CHART OF THE FISH-FEED FORMULATION

These ingredients are: (1) the leflover of
processed and fermented rice afler prepara-
tion of the rice beer, Apong, a traditional
drink for the locals, (2) filamentous aligal
mass forming clump near rice rhizo-

sphere in the rice-fish system, and (3)
garic (Allium sativum ), to act as
antioxidant.

Fish-feed is prepared by maintaining a proper ratio of the selected
raw malerials after proper drying, powdering and mixing them
property in the following proportion:

100gm Apong residue: S50gm algae powder: 1 gm garlic powder

Making peliets of the dough

(V) Efficacy test of the formulated fish-feed under laboratory condition
Aguaculture experiment was performed in order to carry out the efficacy test
of the formulated fish-feed on fish growth . For this,Cyprinus carpio at fry
stage were collected from the nearest fish farm. These were acclimatized for
48 hours in an aquarium and then feeding trial was conducted for a period of
four weeks in four experimental aquaria (30 L capacity) @ 12 individuals per
aquarium. Three feading rates (3%, 5%, and 7% of initial body weight of the
stocked fish) with three replicates per treatment were tested. The fishes were
fed twice per day respectively at 08:30 hr and 17: 30 hr. The fishes were
harvested after every seven days and their morphometrics and growth
parameters were recorded following Fulton (1911), Bhuiyan and Biswas

(1982), Fatumtl and Akinbote (1986), Lovell (1988).
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Figure 1 Changes in body length (A), body depth (B), body weight
(C) specific growth rate (SGR;D), condition factor (E) and feed
conversion ratio (FCR;F) of Cyprinus carpio after four weeks of
feeding with the prepared fish-feed under different feeding
treatments in experimental aquaria.

Treatments T1, T2 and T3 represent feeding @ 3%, 5% and 7% of the

initial body weight of the stocked fish respectively in different experimental
aquaria.
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DISCUSSION AND CONCLUSION

he expenment revealed thal body length, body depth and body weight
of Cyprinus carpio showed better performance in treatment 2 where the
feed conversion raho and condibion factor had the lowest value. However,
gpecilic growth rate and condition factor showed significantly greater
value in lreatment 1 where the feed conversion ratio was slightly greater
than trealment 2

Considering all the growth parameters of the stocked fish in the
pxperimantal aquaria, it can be concluded that the fry stages of Cypnnus
carpio would grow in a better and healthier way in the rice-fish system if
Ihey are fed with the prepared feed @ 3% of their initial body weight while
stocking. This practice of using the agro-based waste matter as fish food
would be a means of converting waste to useful commodities for the
benefit of traditional rice-fish farmers of Apatani plateau, Arunachal
Pradesh

PHOTOGRAPHIC PANORAMA

Raw materials locally available in the Apatani Plateau for preparation
!L-' of low-cost fish-feed

Yilame ¢l d
Plate 1. Leftover of processed and Plate 2. rl_E-a.Tnj.r:ﬂus‘la;_IE;a: ;LEI:EH :
fermented rice after preparation of i near the Tht;*f;ﬂ E'l';;;]
the traditional rice beer, Apong in the rice-fish sys




RESEARCH ACTIVITIES

— -

. . ’ Grinding of raw materials Raw materials in
Collection of pariphyton ] iar form

g
e

Doughing the raw materials .F.Illlill'lr

At A ‘

Oven drying of the fish- Flsh-feed ready to be supplemented In the
rica-flsh aystem
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which could judiciously be used as a feed supplement in the rice-fish svstem of Apatani
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ANMNEXURE-C
Summary of the findings

The sludy wss ungeriaken to formulate low-cost fish feed using
mrally avadabls agro-based wastes in the Agatan/ iangscape of Arungchal
Pragesh, Nerth-esst indis, The study was done with the gverall geal of
improving fish production through supplemeniaiion of lawe-cost fish feed
in the rice-fish systerm of the Apstani landscape, We stucied ine habitat
cnditinn, Tued aveilzpility, feeding, growth, and nutrient assimifation of
the stocked fish in the rice-fish system of Apatan/ Plateau. The fish feed
vt furmulated using loczlly avallsbie agro-based raw materials. This was
Ielinwed by nutriert srzlyses and efficacy test of the formuizted feeg on
gruwth performance of the stocked fish under laboratory condition,

The physicochemical properties of rice field water ravesled the rice-
fish system to be & shailow water system. Investigation of planktonic and
rice stem periphytic communities present in the rice-fish system of the
Anatani Platesu revealed that the phytopiankton and phylo-periphytic
algae were more diverse communities than the zooplankion communities.
Baclllatiophyceae was the most dominant phytoplanktor class in the rice
finld water as well as the most dominant phyto-periphvton class on the
rice stern while Cladocera was the most dominant zooplankton group in
the rice-fish system,

Gut content analyses revealed the stocked fish in the rice-fish
system to be smnivorous In nature. Body nutrient content of the stocked
fich revealed wvariations in the proximate and mineral nutrient
compositions in the body of the stocked fish with respect to months. This
indicates variations in the availability and type of food in the rice-fish
systemn across different months leading to monthly variations in the body
nutrient content of the stocked fish.

The fish-feed formulation was done using locally availsble raw
raterials in the Apatani Plateau. This was followed by the analyses of the
praximate composition of the fish-feed formulation and an aquaculture
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experiment 1o tesl the effectiveness of the prepared fish feed on tre
overall growth and health performance of the stutked fish, Czurinue
carpio. Efficacy test was performed also to quantify the propertion of feed
to be supplemented in the rice-fish system that would be appropriate for

optimal growth of the stocked fish without disrupting the r
ecological balance within the rice-fish system.

e Lt

Efficacy test performed with formulated feed under lahoratory
condition suggests that the stocked fish would grow much faster |f the
prepared fish-feed were supplemented into the rice-fish systern of Agatan
Plateau @ 3% of their initial body weight while stocking in the rice field,
However, further studies following on-farm feeding trials would enharce a
better understanding of the growth behavior of the fishes in this systerr,

Overall, the study highlights the possibility of increasing the
production of fish in the rice-fish system of Apatani Plateau by exploiting
the existing agro-based wastes in the study area as supplementary fise
feed which would  definitely result in more per tapita fish-protein
consumption and better economic returns to the |ocal pecple of the
Apatani landscape in sustainable and eco-friendly ways.
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ANNEXURE-B
Achiovements from the project
(1) List of publications
(a2}  Research articles

Dev Gupla, B, Das, 1, and Das, DUNL (2015), A preliminary inveshigation
an habilal condition and natural foad of Cyprinus carpio stocked i the
rice-fish  system of  Apatam Plateau, Arunachal - Pradesh.
FCOBIOSH: (1and 2): 1-23.(155N:0972-6446),

Das,T,, Dev Gupta, B, and Das, D.N.(2016). Formulation of low-cost lish
fecd using locally available agro-based wastes and its efficacy on growlh
performance of commen carp (Eyprinus carpio L) - A case study from
Apatani landscape of Arunachal Pradesh in Northeast India, Internationaf
research Journal of Biological Sciences 5 (3): 61-67 (E-1SSN 2278-3202),

() Chapter in edited volume

Dev Gupta, B., Das, T. and Das, D. N. (2013} A preliminary investigation
on planktonic communities in the rice-fish system of Apatani Plateau,
arunachal Pradesh, In: Bloresources and Traditional Knowledge of
Martheast India (Eds). K.K. Singh, K.C. Das and H. Lalruatsanga. Mizo
Post Graduate Science Society and Pachunga University College, Alzawl,
India. pp 143- 152.1SBN: 987-81-924321- 4-7

(cy Communicated in edited volume
Bipasha Dev Gupta, Tapati Das and D. N. Das. 2018. Food preference and
feeding of Cyprinus carpio stocked in high altitude rice-fish system: A

case study from Apatani landscape of Arunachal Pradesh. In: Research
and Development on mountain fisheries of Arunachal Himalayas. In Press,

12



£COBIOS, Yol B, (1&12), 2015 [SSN: 0272-6446
(hternational Jowrnal for Bivlogy, Ecology and Allied Sciences)

A preliminary investigation on habitat condition and natural food
of Cyprinus carpio stocked in the rice-fish system of Apatani
Plateau, Arunachal Pradesh

B. D. Gupta', T, Das'#, D. N. Das’

"Depariment of Eeology and Enviranmenial Science, Assam University, Silchar- L O
' Department of Zoology, Rajiv Gandli University, Rono Hills, ltanagar-791112

ABSTRACT

Ihe present study gives preliminary information on the habital conditions and natural food
availability of Cyprinus carpio stocked in the rice-fish system of Apatani Plateau,
Arunachal Pradesh, North East India. For the present study sampling was done during the
fish stocking stage in the rice-fish system of the Apatani Plateaw i.e., from May 10 August,
2012, Besides analysis of water samples of the rice-fish system, analyses of plankton in the
rice field water, epiphyton on rice-stems, and gut comtent analyses of Cyprinus carpio
stocked in the rice-fish system were also done. Physico-chemical parameters of water in the
rice-fish systems of the Apatani Plateav revealed it as moderately nutrient-rica shallow
system where the pH of the rice field water fluctuated from shghtly acidic o slightly
alkaline condition, The phytoplankion in rice field water and epiphytic algae on the rice
stem were more diverse communities than the zooplankton and zoo-epiphytic communities.
Bacillariophyceae was the most dominant class of phytoplankton and phyto-epiphvton and
Cladocera was the most dominant group of zooplankion and zoo-epiphyion in the rice-fish
system, The gut content of Cyprinus carpio showed a direct relationship of the available
plankton/epiphyton communities in the rice-fish system with the fish feeding. The study
further revealed that all the natural live organisms present in the rice-fish system are not
used as feeding materials by the stocked fish in the rice-fish svstem. Amongst
phytoplankton and/or phyto-epiphyton diverse taxa belonging to Bacillariophyceae and

amongst zooplankton and/or zoo-epiphyton taxa belonging to Cladocera were the more
preferred food items,

Key words: Rice-fish system, Apatani Plateau, Cyprinus carpio, habitat condition, natural
food

*Email: das.tapati il
th dstapati@gmalloom o iched by -
J The Society for Blometry, Ecology & Econometrics (REES), Karimganj, Assam, India % 47
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INTRODUCTION

Rice-fish culture is practiced in many
parts of India, viz., Kerala, West Bengal,
Arunachal Pradesh and Tripura " %' In
India, the agrarian Apedani hill tribe,
settled in the lower Subansiri district of
Arunachal Pradesh are the only Indian
tribal farmers who traditionally practice
rice-fish culture since past 50 years, No
agro-chemicals and  fish-feed  are
administered in the system during the
culture period, which makes it unique in
the context of production, The fishes
(Cyprinus carpio) are cultured along with
the local rice cultivars viz., Amo, Mypia
and Pyapee in the paddy fields. The fish
depend on the natural food available in
the rice-fish system which comprises
phytoplankton, zooplankton, differemt
periphytic organisms, detrital matters ete.
In the present study atiempt has been
made to investigate the habitat condition
and available natural food items of
Cyprinus carpio stocked in the rice-fish
sysiem.

MATERIALS AND METHODS

For the present a total of five villages of
the Apatani landscape were selected.
These were Bamin-michi (Station 1),

ECOBIOS, Vol. VIIL (1&11), 2015
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Bulla (Station 2), Hong (Station 3), Hiza
(Station 4) and Hari (Station 5) (Figure 1).

Field sampling

In order to assess the natural habital
condition of the stocked fish in the rice-
fish system of the study area, water
samples from the different sampling
stations were collected at monthly
intervals during the fish stocking stage
(i.e., for a period of 4 months from May
to August, 2012). During each sampling
temperatures of air, water and sediment
were recorded with a mercury bulb
thermometer (0-50°C); and water depth
was recorded using a wooden pole and a
measuring tape. Samples for dissolved
oxygen was collected in BOD bottles and
were fixed immediately in the field vsing
alkaline iodide and manganous sulphate,
For analysis of other parameters of the
rice field water, water samples were taken

in PVC bottles and were brought to the
laboratory.

During sampling of rice field water (May
to August, 2012) simultaneously plankton
samples were also collected by passing 25
litres of rice-field water through plankton
net of 40 pm screen size, and was
immediately preserved in glass vials using
Zmi formalin (4%) which was later on

o
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e i e bk wisileer s fist

ilentilicalion

Surmpling of epiphyles on the o slem
was ilso done For 2 monthes Trom July 1o
August, 2002 The epiphytie commmnlies
on the nee sten were callecial by
scrappimg pently lew reprenentnlive nice
stems (lrom Tom” sunliee aen) witlin the
riee-Tish system wsing o Dline sealpel and
prreserved in gl visl asiog il foemmnlin
(A% which were liter on brought 1o 1

Inborntory,

I order to know the Tood prelerences of
ihe stocked fish in the nee-lish syslem,
fish samples from the rice-fish system
were collected Tor noperiod of two months
fram July to Angust, 2012 which were
immediately preserved in 10% formalin
solution. Later on the samples  were
hrought 1o the laboratory.

1ahoradory analysis

In the laboratory pil of the water snmples
were recoided using pil meter (make;
Systronica; model: 103621), Fstimint fons
of dissolved oxypen, biological oxygen
demand (for 3 days w 20°C), e
alkalinity, free carbon dioxide, nitrale-
nitrogen, and phosphate-phosphorous ol
the rice field water were done following
standard methads **

RCOBIOS, Vol, VIIL (1&11), 2014
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Ui T sivibonne 6 il fhoee Sweryprbees i
plink deomy el & guigabi it £l beidd Brean Thee
pire lieked wsnpe piiviin Wi i il i W
fabsraiey Fra gl ttadedil apankyein oof e
eiestked  hinh i the fiee fish  mpuletn
stianineh of  vank  fish sarnple s
I T T T L phe R
el wery carcfully teo petn faiah
Cmlents Gl the gl wekre dilite At Wy rrd

by snebebinape ebiatilbodl wmbor

Lebentifications of plisdden, egaptifta s
fhie it comtent of the steaked fish wmes
dupie drop wise tm plass shides sl
lesaking  thremigh  bineeular  motrnes g
(ke Magnus, model: MLZ Micrss
seopic idemtifications at lowest prasibie
tagonomit level of phytoplankion and
epiphytic algae were done o AN wewd Nt
af zotplankton and sro-apiphiton were
done ot 10% magnificsim respectively
following standard references viz, '

For tuamtitative estimaticon of bl the
pliankion in the rice feld water, and
epiphyton on the rice stem Lacky's drop
method” way followed and the resuits
were finnlly converted 1o percent relative
ahundance. However, the git conterts of
the stocked fish was analysed for imly the

presence or absence of differemt taxa in
the gut of the fish.
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Figure 1. Map showing the sampling stations
RESULTS had greater wvalues of pH, dissolved
Table 1 shows the physico-chemical onygen (DO) and nitrate-N, and lowest
properties of water in the rice-fish system values of water depth, total alkalinity; free
of Apatani Plateau. It shows that Station 1 carbon dioxide (COz) and Phosphate-1*,
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Station 2 had greater values of hological preater valie for water depth and €05,
oxygen demand (BODY and Phosphate-1*. Station 4 lud greater vidue ol wates il
Station 3 had lowest value ol water sediment temperatures and total alkali-
temperature, phl, DO, BOD, nitate-N and nly

Table 1. Physico-chemical parameters of water in the viee-fish system of Apatand Plateau
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MeantSE: n=45; AT-Air temperature; WT-Water temperature; ST-Sediment temperature, WD-
Water depth; TA-Total alkalinity; DO-Dissolved oxveen; BOD-Biological Oxyvgen Demand.
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Numbers in parenthesis designate mange of mean values of the phy sico-chemical properties of
water i Jifferent stations of the study anea

pliveeae, Dinophyceae, Euglenophyceae,
and Zygnemophyceae. In all the stations
Bacillariophveeae followed by Chloro-
phyceae was the mosl dominant
phytoplankton class {Figure 2A).

Table 2 represents the taxonomic nichness
and distribution of phvioplankton n the
rice-fish svstem of Apatani Plateau. It
reveals the presence of 76 taxa of
phyvioplankton  belonging to classes
Bacillariophyeeae.Chlorophyeeae, Cyano-

Phytoplankton ]
% ot ~ O Bacillariophyceae
1_%_ - 50 :[L ﬁ H n {L_ g Chlgrophyceag |
=E 0 '
E N o W s ! Cyannpmyoese
% \15 = Euglenophyceae
= Station % Iygnemophyceae
Phyto-epiphyton "
E O Baclllarippkycese
E & Chiorophycese
"'E E ® Cyanophicess
| TE 1 3 3 4 5 Mean P
=2 E Bhodophycese
! Stations R
. Zooplarkton c
5
=
g = O Cladocera
£ # Copepoda
i 1 2 3 4 5 Mean  HRotiferm
Stations

i-:_r*‘
ECOBIOS, Vol VIIL (1&11), 2015 6
\

LA
L%

18



ECOEIQS, Vol, K. (1&12), 2015

—

. Zoo-epiphyton

E 150 SN pe

g =

5 __ 100 —
e
| = g 1LE [ n

i‘ 1 i 3 4

Stalions

5 Mean

D

O Cladacera
Copepoda

& Rotifera

i Protozoa

Bryozoa

ISSN: (0972-6446

l

—

Figure 2; Relative abundance (%) of classes of phytoplankton in the rice field water (A) and
phyvio-epiphyton on rice stems (B), groups of zooplankton in the rice field water (C), and
zoo-epiphyton on the rice stems (D) in the rice-fish system of Apatani Plateau

Table 2. Taxonomie richness and distribution of phytoplankton in the rice-fish
system of Apatani Plateau

Class

Taxa

Stations

3 |4

Ln

Bacillariophyceae

Achnanthes

+ |+

b

Acnanthes biasoleliiana

2
+
.+

Amphipleura pellucida

Amphora

Amphora ovalis

+| |+

+ F

+|+]
|+

Asterionella

Cymbella

+ ]

- L]

+l
+ |+ +[+]

Cymbella neocistula

Diatoma spl

+

4|+

Diatoma sp2

+1+]"
++|

Diatoma vulgare

Encyonema

Epithemia

Eunotia

++ |+

Fragilaria

Frustulia

Gomphonema

I e R Ea Ed R

I B e bl b

++|

Gomphonema angusirim

]+ ]

Gyrosigma spl

i
+

Gyrosigma sp2

L]
+
(]

Himantidium

L]
+
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Mastogloia

.i-f:'ffmim
Pmnularia

Plomdaria major

Pinnwlaria acrosphaeria

F.’Erima'i,gﬂyi_

| Naviewla gracilis

Neviewla placenta
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§
3
1
..|

Navicila mutica

Amr_mmeraw

Navicula {{IJ_’_}EE'E{E::'_{?’E@ET :

!

=

Mervicala virdis

Nitzschia

qu-l-l-l-i"-b—-i—-_-
|

Stauraneis

Surirella

Surirella elegans

Synedra

bl ||t H]

Synedra fumosa

Svnedra ulna

+ |||+

+++++--++|--+--l--'-

Tabellaria

) O (R P [P AT I R e v |

]
L]

Tabellaria flocculosa

Rhopalodia gibba

+

+

Total taxa :

43

"
L

|+
th

Chlorophyeeae

Ankistrodesinus

Closterinm

L]

_l_ 1

Closterium striolatum

Casmarium

+ ¥

Desmidium

Dacidium

Es

$1++"

Euastriim

I N e e R

Euastrum crassum

Gonatozygon

&+ L]

+ LY

Seenedesnmis

Spirogyra

+ L]

+

Spirogyra longaia

Staurastrin

+ L]

Staurastrum magnum

+|+]

Staurastrum brachiatum

-

Llothrix

+

-+
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Total taxa: I f 5 16 | 3 |7 |8
Dinophycese Massartio A LB | SR
'Iﬂlaftn:a I 1“ o 1“ 5 -
Sypnemophyeea | Mic mﬂrrmv L | N L W 1. LI
Micrasterias o N o ']' ; 1 )
meahabuleshwerensis N P L
‘Mj.rrf_-:a:_'g-'r-i'rf;:.r': m:-l’um . 1= 1% |+ |
| Miscrasterien fm‘m - f= 1% 3= |
Tolal taxa: | 4 L 13 12 |3 j
]_g!gnuph}i:tﬂt‘. | f.'.-ﬂ'gﬂ!'ﬂﬂ' R 1y B .I;L.' l 4
“Fotal taxa: (1 o 9 _13 .{] ]
l’ .raml fotal taxa: 76 - 139 (54 |55 |

_¥ indicates absence of the taxa concemned

Table 3 represents the taxonomic richness belonging 1o groups Cladocers, Copepoda
and distribution of sooplankton in the and Rotifere. Cladocers wes the most
rice-fish system of the Apatani Plateau, It dominant znaplankion group (Figure 2C),
shows the presence of a total of 15 taxa
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Figure 3: Taxonomic richness of different classes of phytoplankton in waier and phyto-
epiphyton on rice stems and phytoplankton/phyto-epiphyton present in the fish gut (A), and
taxonomic richness of different groups of zooplankton in water and zoo- epiphyton on rice
stems and zooplankton/zoo-epiphyton present in the fish gut (B) in the rice-fish sysiem of

Apatani Plateau
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Table 3. Taxanomic richness and distribution of snoplankion in the rice fish system of

Apatan PPlateau
|

Cornup Taxa , Stations |
| 7 (203 [4|5]
| Cladocera Alna o ' . |_ - -
| Tnsmina { 4 i A b R
| f'ﬁjmlr'ﬁnm | sl = . - |= __ i
| Datphinic - - - [+ |?

) F}lr.!'l}"irq.l.ﬂ*. . i '
Muina T te = = ___.
I‘.I‘rurm:m N = | #® fe |- -
Alonella e 4 . '
Sidacrystalina | - BTl E ¥
_'l.'u_tai bt xar: Tl — 13 |s 1|2 3 |4
[:UI“IE:],'HIIJII f:..u'_‘fup,t a - P + X
Lumﬁammpms ¥ |- [ |- |-
Hrapmmm = s 1= = =
Palaemonetes - |+ 1- 1-
Totaltaxa: |4 Y T
Rotfera Asplanchna - |- - |+
Hrachions o e F= = L
CTotal taxa: |2 o (o [0 [0 |2
" Grand total taxa: 15 5 |6 |2 |3 |7

«.* indicates absence of the taxa concermned

Table 4 represents the phyto-epiphyton Chlorophyceae, Cyanophyceae, Dino-
(or epiphytic algae) presents on rice stems phyceae, Euglenophyceae, Zygnemo-
in rice-fish system of the Apatani Plateau. phyceae, Rhodophyceae, and ¥antho-
B reveals the presence of 56 taxa phyceae. Bacillariophyceae was the most
belonging to classes Bacillariophyceae, dominant epiphytic algae (Figure 2 B).

A «(” \"“\ﬁ
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Table 4. Taxonomic richness and distribution of phyto-epiphyton on rice stems 1n
different stations of the rice-fish system of Apatani Plateau

Class Taxa Stations
1|2 3 14 5
Bacillunophycene | Achnanthes ' i + |+ |+
Amphora ovalis __ + |+ |+ £ |
Amphiplewra - + - - -
Asterionella I 1 < < .
Cymbella F |+ |+ |+ |+
Cveloella . . I E a
Diatoma - |+ + + -
Encyonema - |+ + + -
“I—:}H-'H'mmr'a + |+ |+ |+ [+ |
Eunatia * + + 3 +
Flagelleria - |+ - = =
Frustulia + |+ |+ |+ |+
Gomphonema + |+ |+ |+ |+
Himantidim - - |+ |+ >
Melosira + |+ [+ |+ |+
Navicula placenta + |+ |+ |+ |+
Navicnla gracilis R a - |+
Navicula radiosa - |+ - - X
Navicula rivnchocephala |+ | + + FRES B
Navicula sp. + |+ |+ [+ [+
Navicula viridis + 1+ = '+ 1+
Nitzschia sigmoidea . - |+ = ,
Oacysiis - = i = +
Pinnularia + |+ |+ |+ [+
Pinnularia major + |+ |+ [+ [+
Rhopalodia gibba + |+ |+ N
Stauroneis + [+ |+ |+ [+
Surirella = %+ 1% 1= 1o
Surirella elegans + |+ |+ |+ |+
Simedra b P e s
Synedra fumosa + e I e
Symurd : . " TS
- Tabellaria 3 £ -1+ |+ |
ECOBIOS, Vol VIIL (1&11), 2015 o i
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Votal fun; n 0 |26 |24 |23 |21
Chloraphvecoe T T | | ' )
LS = : '
Fhocfudinm | i - i
I Nemenadi I i I
Coonfefozyon - J - '
Nt i - - |-
NCCHC SIS | | . - 1
AT IR R ITI T - = b: | i
Spnrogyvr - T = k
ol - £ Ja 1% |-
A 5 [ I I
Total taxa: 11 R A 5 .-.'I b
Cyvimaphyeeae Anabaena - - |+ 4 -
.'ri;-_r.l'm_u}_"rﬂn_'!nyu + 4 = - ¥ |
Cvdincdasperminm - + - - 4
. ;'-lal';-'m':.'um; widics - - |- - +
Micravoleus vaginatus + - . - |+ |
Oscillatoria + - - - -
Phormidium & + + . +
| Spiruling - - + 4 =
Total taxa: 5 4 2 3 2 5
Zypnemophyceae | Nenihidium antilopaeum | - - - - |+
Total taxa: 1 o (o Jo Jo |1
Diliﬂi‘!h}'i’.’-ﬂﬁé " Ceratum - |+ - . i
Total taxa: 1 0 1 0 0 1
Euglenophyceae Phacus + |+ |+ + |+
“Total taxa: 1 1 1 1 1 1
Rhodophyceae Batrachospermum + + + + +
Total taxa: 1 I 1 1 1 1
Xanthophyceae Vaucheria - - N . g
Total taxa: 1 0 (0 0 |1 1
Grand total taxa: 56 28 |36 (32 |31 |40

*." indicates absence of the taxa concerned
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Fable 5 ahowws the taxonmmie richness and and  Rotifern. Amongst all  the laxa
distibtion o 2uo-epiphyton o the ree- Cladocera was the most dominant group
sl system ol Apatani Plidcan, It shows of roo-epiphyton in the rice fish system
(he presence of 7 xa belonging lo proups {Fipure 213).

Prodoseon, Biryoseon, Cladocera, Copepoda,

Table 5 Vasomnnic richness and distribution of zoo-¢piphyton on rice stems in the nce-
[ish system of Apatam Plateau

Caronp Taxa Stations
|l B L2 &% {:5]
Protozon | Cenfrapyxis F | % Js = ]
Total taxn: / 1 |0 |1 0
Hryozoa Plumatella + |+ |- - -
Total taxa: | [ 1 |1 Jo [0 |0
Cladocera Hasming - 1+ |+ |+ |-
Chyelorus + 1+ |- | *
| Plewroxus + |- |- - -
Taotal faxa 3 z |2 11 12 (|4
Copepoda Cyclops = = |= |- +
| Total taxa 1 0 [0 fo Jo 11
Rotifera Lecane inopinata |- |+ |- |- |-
Total taxa I 0|1 (0 |0 |10
Grand total taxa: 7 4 |4 |2 |2 |2
Table 6 represents the put content of classes Bacillariophyeeae, Chloro-
Cypeinius carpio stocked in the rice-fish phyceae, Cyanophyceae and Eugleno-
system of Apatani Plateau. It reveals that phyceae. Zooplankton/ zooepiphyton
the fishes feed on phytoplankton/ phyto- communitics found in the fish pm
epiphyton  and  zooplankion/  zoo- belonged to groups Cladocera, Copepoda
epiphyton present in the rice field water and Rotifera. Amongst the different
and rice stems in the rice-fish system. The classes of phytoplankton/phytoepiphyton
phytoplankton/  phytoepiphyton commu- communities, Bacillariophyceae followed
nities found in the fish gut belonged to by Chlorophyceae was the most abundant
ECOBIOS, Vol VITL (1&11), 2015 £ ,9,.’ 14
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pal contenmts ol o

SO Lok tonn

Table 6. Gut content of Cypins corpio ok

Clabocern  wiig

i

{18

Ayl

Tl

INAING BT AR

abmaedagt gresvig i Wi gt f Hhe fish

el i the proe Fish system of Apatain) Pligtea

Phytoplantton Taxn Statians Coal cuntent of |
fply to-epigliy Gon | 2 1 a4 5 €. varpila which
class/ are wvallabile in |
Looplankton/ the rice-fish
zoo-cpiphyion system either as |
group planktunic ur
epiphytic
ur Loth
planktonie and
_ _ | epiphytic forme
Phytoplankton (Phyto-epiphyton
Class: Aclmanthes - v J- 1+ |- Foth
Bacillariophyceae | Amphora ovalis |- |4 b= |4 | Both !
Cymbella + |+ |+ [+ J+ |Jth
I hiasicnmeet | = % e - | Buth
Bacyorema |- |+ 1+ 1+ 1¥ }Beis ,
| Epithemia - & 1- |+ |- ]Hath
Ewnatia & 1= |- |+ |- |Both
Tlagellaria S P OO T I &
Frustulia - . J= |% f= I Bath
Gamphaonema - i Je 1o |- et
Himenticivm o I A =l Hulh_
Melasira v |+ |+ [+ |- [Beh
Navicwla placenta | - ¥ |+ [+ |+ |Both |
Navieula - + |- 4 + | Both S
riynchocephala - |
Navicula sp. + 1= |- + |- | Both .
Navieula viridis + |+ |- |+ |- |Both
Nitzschia ¥ |+ |- |+ |- [Both
Pinnularia L T il Both
Pinmdariamajor |- |+ |* |- |+ |Both
Pinmularia sp. = = [= }* Baoth
ECOBIOS, Vol. VIIL (1&11), 2015
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| Rhwpatadia piliba 1+ |+ ' | Hoth
Stanroneis J | | i I oth
Surirefli i [ I | i ioih ]
f;'_:'mﬂ}:; alna - | - | r | Both ]
= Tabellaria - R - | Both - |
Total taxa: s w s |z [ || ]
Class: Clasterium c Il I+ |+ [+ |Both
Chlorophyceae “Cosmtaritim a ¥ |- ¥ |+ |+ |Both - __
Desmidinem i : v |+ |Both s
Docidinm e 1+ T+ [+ |+ |Both 1
“Scenedesmus : |- s - 4 Both a
Staurastrunt = | - { - Bath ____ o Ji
h};r'r;.-mu-;r - + b + |+ |4 Baoth J
Glonatazygon B - + |- ; Both ]
Total taxa: 8 =I5 |5 |5 [& |?
Class: | Oseillatoria - + | - + |+ |Bolh L
Cyanophyecae Pharazidinm + |- - + |- Both B
Anabaena + + |+ - + Bath
Total taxa: 3 2 |2 [1 |2 |2
Class: Euglena + |+ |- - + | Both
| Euglenophyceae |
Total taxa: | 1 1 0 [0 1
Grand total taxa: 37 I8 |26 |18 [26 |21
Zooplanktonfzoo-epiphyton
Group: Cladocera | Alonella - + |- |+ [+ | Planktonic
Bosmina + |- + |+ |+ |Both
Dephnia - |- |- |+ |- |Plankionic
 Total taxa: 3 1 1 1 3 |2
Group; Copepoda | Cyclops - |- |- |- |t+ |Both
Taotal taxa: 1 0 |0 |0 [0 1
Group: Rotifera | Brachionus - |- |- |- |+ |Planktonic
Total taxa: 1 g (0 |0 |0 |1
Grand total taxa: 5 1 1 1 3 4

o indicates absence of the taxa conccrned
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Figwre  3A  represents  the  Bivomomic
nchness  of  didferemt clisses ol
phytoplankion and phyto-cpiphyton m the
nice-fish svstem and gt content of hish
stocked i the nice-Hish syaem. It shows
thiat  amongst  all  the  classes  of
phivtoplankten and  phvio-epaphyton,
Bacillanophveeae was the most domimant

n the system as well as in the fish gt

Figure 30 represents  the  taxonetie
richness  of  differemt groups  of
rooplankton and  soo-epiphyton in the
rice-lish system and gut contemt of fish
stocked v the rice-fish system. It shows
that amongst zooplankton zoo-cpiphyton
group, Cladocera was the most dominant

in the svstem as well as in the fish gut

DISCUSSION

Physico-chenical properties of water n
the rice-fish svstem of Apatani Plateau
(Table 1) reveals that Station 1 had
highest values of pil, DO and lowest
values of free CO; and PO-P which gives
a general indication abowt the presence of
less organic matter content in that station.
Cireater value of NO-N in Sttion | was
perhaps due to less water depth and
subsequently less water volume in the
station resulting in greater concentrations
of nitrate-N perhaps due to faecal matiers

ECORIOS, Vol VIIL (1&11), 2015
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of the stocked fish Least value of total
alkalingty in Station | indicales very low
huffering capactty of the water there and
herice mnre stressed condition for the
docked fish Creater values of BOD and
PP i Station 2 indicates presence of
phesphotous-rich  orgamc mafiers 0
greater  quantitics and  more microbial
activitics that lead to the release of PO-P
in greater amount at that station. Staton 4
hadd highest value of water and sediment
temperatures. This might be due 1o bess
water depth at that station and also might
be due to the reason that sampling in that
station was done when the solar intensity
was high that also lead 1o increase n air
temperature thereby reflecting the close
interaction of air, water and sedimert
temperatures in the rice field hke any
other aqualic systems. Station 4 also had
greater value of total alkalinity thereby
reflecting  relatively  more  buffering
capacity of the water in that siation. Low
values of pH and DO and greater value of
free CO; in Station 3 reveals o relatively
stressed condition for the stocked fish in
that station. Besides, least value of BOD
in Station 3 was perhaps due 10 more
water depth and hence more water volume
that lead to the dilution of organic matiers
in the rice field water. In addition, less
water temperature in Station 3 might have

L
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Teawdd W less ayicioliul aetivitles rr"n|lm','
i the losvest value of VOO0 in the ree

Fie bl swanter

| axomonnie nchness and  distributon of
phvtoplankton m e needish syvstem of
Apatanmi Platean (lable 23 reseals the
presence of 16 laxa ol :|'1|1'..111|\I|IT'ILI:11|'I
belomginge o classes Bacllanepliveeae.
Chlorophvecae,  Cyanophyeese.  Ihino.
phveeae, Foglenophyeeae, and Zvpmemo-
phveeae o of which 43 taxa belonged 1o
Waclaniophyveeae, 17 taxa 1o Chloro-
phveeae, 10 1axa w Cyanophyceag, 4 faxa
tr Avpnemophyeeae and 1 each 1o
Dinophyveeae and  Fuglenophycear,
Fasotsomie richness of phytoplankron was
more o Stanen 5 perhaps  due 1o
tavourable  eovironmental  condition  in
terms of 118 vanous water parimeters. On
the other hand, taxonomie richness of
phytoplankton were less in Station 3
which was perhaps due 1o acidic water
and less  nutrients  like  nitrate  and
phosphate in the rice ficld water al this
station. In all the stations Bacillario-
phyceae followed by Chlorophyceae was
the most dominant phytoplankton class
(Figure 2.A). The dominance of Baci-
llariophyceae in the rice-fish system was
perhaps due 10 more silica content in the
sediment and water which is the major

ECOMIOS, Vol VITL (1&11), 2015
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nutrient reqquired v the distoms”'. The
vevond domimant phvtoplankton class was
( hlorophyeeae which was perhaps duc 1o
low temperature of the rice field water
and presence of moderate nuinents like
B =M and PO, - P’

[axonomic nchness and distibution of
..mm,‘l!;l.nl-.iun in the rice-Nizh sysiem of the
Apatani  Platcau i Table 3) shows the
presence of a total of 15 taxa belonging 1o
proups  Cladocera.  Copepoda and
Hotifera. A total of 9 taxa belonged to
Cladocern, 4 1axa to Copepoda and 2 fo
Rotifers. Taxonomic richness of zoo-
plankton was highest in Staton 5 and
lowest in Station 3 which mdicates that
the habitat conditions n terms of vanous
waler parameters were more congemal foe
diverse zooplankton 1o grow and survive
in rice field water at Station 5 wnd the
reverse condition in Station 3. In all the
sampling stations Cladocera was  the
dominant zooplankton group (Figure 2C)
thereby indicating the nce-fish svstem of
the study area 1o be free from intense
pollution which favoured their growth and
reproduction™. Besides, the abundance of
Cladocern also indicates the presence of
rich nutrients and shallow water condition
" with moderate water temperature”

the rice-fish system. Similar ruuhs were

"5-\&-\ 18
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il ssbmervedd i the pice ekd of Chatla

]
st bl ol A

Piwteeepaphivion (o epiphylic  algae)
presend on vee stems i dillerent stalions

ol the viee-fih system ol the Apatam

Platean (Table 4) vevenls the presence of

S taxe helonging o elasses

Lncillarophycea, ¢ hlorophyceae,
Cyanophyeense,  Dhinophyeese,  Hogleno-
phveene,  Avpnemophiyeeas,  Rhodo-
phyeeae, md Xonthoplyeeae,  Amongst
all the  taxn, 33 taxa belonged 1o
Hacillanophyeeae, 1 laxn 1t
 hloropliyeenc, 8 laxa to Cyanophyceae,
il I cach W Dinophyceae,
Laiglenophyceac, Zypnemophyceae,
Whowlophyeeae and  Xanthophyceae.
Amongst all the stations, Station 5 had
prenter taxonomie richness of the phyto-
cpiphivton on the riee stem which might
e due o Tavourable  nutrient
concentmtion parficularly nitrate-N in the
vice leld water with  favourable water
depth. On the other hand, Station 1 had
lowest  taxonomic  richness of phylo-
epiphyton  which  might be due to
relatively shallow water depth with less
phosphate-P concentration in the rice field
wiler,  Bacillariophyceae was the most
dominant  epiphytic  algae in all the

stations (Figure 2 B), This was due to

BCOMOS, Vol, VI (1&11), 2015
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presence of silica in the rice plant since
rice plant is an accumulator of silicon "
Taxonomic richness and distribution of
zoo-epiphyton in the rice-fish system of
Apatani Plateau (Table 3) shows  the
presence of 7 laxa belonging 1o groups
Pritozoa, Bryozoa, Cladocera, Copepoda,
and Raotifera. Amongst all the taxa
Cladocera was the most dommnant group
of zoo-epiphyton in the rice fish system
(Figure 213). The dominance of Cladocera
indicated shallow nature of the rice-fish
ccosystem.

Gut content of Cyprinus carpio stocked in
the rice-fish system of Apatani Pleteau
(Table 6) revealed that the fish fed on
phytoplankton/  phyto-epiphyton  and
zooplankton/ zoo-epiphyton present in the
rice field water and rice stems in the rice-
fish system. The phvioplankion/
periphyton communities found in the fish
gut belonged to classes Bacillariophyceae,
Chlorophyceae,  Cyanophyceae  and
Euglenophyceae.  Zooplankton/  zoo-
epiphyton communities found in the fish
gut  belonged to  groups Cladocera,
Copepoda and Rotifera. A total of 25 taxa
of phytoplankton/phyto-epiphyton
belonging to Bacillariophyceae, 8 1o
Chlorophyceae, 3 to Cyanophyeeae, 1 to
Euglenophyceae and, 7 to Cladocera and
o
« ﬂ"‘:;:f? W"E*"" 19
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Uoemeh don Copegpunlin il eialenn g
eillviervd b e G LT T T I
Anmspd pligtaapdinnd dondpdigtes o o
Chvsed Pcillnniopdagceme Tollassal - by
Clilorophiyerne seimmed it g
eanplenls ol ¢ U UID (ORI uullru!m;d
thad  Hocallongsbygeene s e it
prelereed boesed atep Cedlictber b o T
Moty Bovers ol v ine mte bead T ol
e €0 cempaee wlowled dne e viee Tinky
sysbenn ol Apatin Phiteaon, Lo Dintbing s
o cesnliennity witly e Tosthinges o Mgl
of  wof,  2001% o wiliny

Bacillanophycens o the dompnt Bl

tehiner el

Hems i the gl ol €0 pargun siicked in
the  rice-lish  syslem o VBanplades)
Aot sooplankton, Cladocerm s e
st demmimant gronp in the gt of the fish
which indicates Cladocers graup ay he
mint preferred aooplankton food of ¢
cerpio stocked in the rice-finh system of
the Apatani Plitcau, Gt content analysis
nlso  showed that  few taxa such s
Alesmnele, (helonging 1o
Cladoceray and Brachiomus (helonging 1o

L aeagalineies

Rotifern)  were  exclusively  found e
planktonic form in the rice-fish system
and the rest were present  either as
planktonic or epiphytic form,

Taxonomic  richness  of
classes/groups of

differem

phytoplankton/
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T R N T T L e Thsh gul 1o
ey Dk systeny of Apatan) Platesy
(Fagen sf e 8085 slvew thist mncnpst
phigtagdinnib e, s gt egngligton,
P i lopiaplegremne wluss waa tninsl
it g e systoan s well ws g0 the
finhe gt mied st e aplankbnifas
cpipligiin greanips, @ ladoern i dicel
dlratnbiusial 1y e Lyt ak well s o te
sk it ANl these  jeeliceste theal  Jood
sk edpreference o € cargiea siaked
the pice-Tish systenn s depends an the
nlabilin g of Jewd sn s Babitan,

CONCLUSION

The study revesled thal the rice-fish
systern of the Apstun) Plaleau s
masderitely putrient-nich shallow system
where the pH of the rice field water
Nuctumted from shightly acidie w slightly
nlkalitie condition.  The phytoplankion
und epiphytic algse were mare diverse
communities than the zooplankion/zoo-
epiphytic communities, Bacillariophyceae
veak the: most dominant phyloplankton and
phylo-epiphyton class in the rice-fish
system. Cladocers was the most dominam
zoeplankion and ma-epiphyton group in
the rice-fish system, The B content
analyses of €. carpin siocked in the rice-

ot
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fish system showed a close relationship of
food minke/preference with the available
plankton/epiphvion communities in the
rice-fish sysiem. However, taxa under
Cyanophyceae are less preferred food of
the stocked €. carpic in the rice-fish
system, The preference was more for
phytoplankion/phyvto-epiphvion  commu-
nitics  belonging 1o class  Bacillario-
phveceae and zooplankton/zoo-epiphytic
communities belonging 1o proup
Cladocera. The gut contemt analysis
revealed that although €, carpio B
considered as an omnivore never the less
it has its own preference for feed present

in the system,

However, the present study is only a
preliminary investigation on the habitat
ecology and natural food of C. carpic
stocked in the rice-fish system of Apatam
Plateau. In order to get more detailed
information there is a need for further
investigation on the overall feeding habit
and food selectivity in relation to growth
pattern of C. carpio stocked in the rice-
fish system.
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Formulation of Tow-cost Fish feed using locally available agro-based wastes
and its efficacy on growth performance of common Carp (Cyprinus carpio ..)
- A case study from Apatani landscape of Arunachal Pradesh in Northeast
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Abstract

The prosent studv wies done T formdate @ low-cast fih feed wing locally avalluble agre-based weste, and fo lest iy offivary
et growth of dosmon g (Cyprines carpio). The sy wis done fn contest of incoeasing fish production in the rice fish
svatent of pine Apatand Tamadvcapre of Arumachel Proufest in Northeast India, Moeient contenl amrlyses of the Jowmulared fish
Seaed showedd i o be ovenparadde with e stmrdard feed morecial. Efficacy dest of the formalited fred under luboratory
corlision slhoseed sy spregife grmeth e e condition factor of the starckedd fish were sign{ficantly amaee when ir wax feif
with i dow dose of the firmrelared feed (ie., B 3% of ihe bnitial bosty weight), Overall, the sty hightiphted e poasibility of
inereaving fish production in the rice-fish svsem of Apatoni Platean by exploiting ife exisiong agro-hvased wastes. This may
gty jer papdifrosen of the rual ecosnney amid seefbmabalioe af the region,

Kevwords: Low cost fish-feed, Agriculium]l waste proshsct, Growih performance, Cyprimes carpio, Rice-Tish system,

Apatard Pliutesu.

Introdonction

Paddy-cum-fish culire ix prociiced in mony parts of Ieiia, viz.,
Koernla, West Bengal Aranselnl Pradesh omed Trl]'l.lnu- Tin i,
the pgrarian Agasan hill iribes seithed in the lower Subansiri
district of Aronachal Pradesh (Figore-1) are the only Indian
tribal farmsers who fraditiomally practice paddy-cum-fish culimre
since past 500 yesrs Agro-chemicals and fishe-foed are not
administered in the agro-ecosysiems during the cullere period,
which makes il unigue in the context of production. The fishes
(Cyprrtnnaes corpior) ame cultured along with the local rice culiivars
vir., Ama, Mypla and Pyapee in the paddy ficlds The fish
depend on the natwal feed such as plankion, periphyton, and
other feeding materinls available in the rice feld. However,
shyort durntion of the rearing period and perhaps limited natrition
in the rice-fish sysiem do not allow greater fish production
during the rice-fish culiure perbod. As a result, anly 150 o 250
ke ' of fish (C. corpie) per season are harvested from the
systenr”, which is much below the fish yield per hectare in
similar sysiems in China™, Thesefore, it clts for fornmilution of
a suitable fish diet that can be administered in the rice-fish
system as supplemeniary feeding material that would increase

fish production,

In the present study, we prepared o fish-feed formulation using
locally available agro-based wastes from the Apatani Plateau.

ity Assouttion
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This was Tollowed by nuirient analyses of the feed fornadation
und an efficacy test of the formuloied feed on grosath
peformince of ihe stocked fish, ©, corpio. Efficacy fest was
performed  fo  optimize  the  proportion  of  feed  for
supplensesintion  in  the nce-fish  aystem  that mglt  be
pppropriate for optimal fish growah  without disupting 1he
mataral peological balance within the rice-fish sysem,

Materinls and Methods

Selection of raw maierials: FPor formuldating the low cosl Tekhe
feed, commonly available agro-based wastes in the Apatan
bandsenpe were sehected viz., (1) fermented sesiduol rice after
preparathon of Apong - o local rice beer, (2) periphytic alpal
clumps formwed in rice-field waler near the nice rhizosphere.
Bessdes, small quantity of garlic (Allivn sarfvinn) wes sl uged,
ad it has antloxbdnnt pmpuly‘ It may be meationed here thot
garlic is mot Jocally grown by the Aperni people bl fs
commonly used by them os spice ond is purchased from the
local marked.

Analysis of nutrient content of the locally avallable
ingredients veed for fish-feed Tormulation: The notriens
contents of the rice residues of ‘Apong® and the rce Held algnl
miass were assesscd on dry weipht basis (oven drsed @1 70°C fos
45 hours) following standard methods™,




Koesvaredy domenad o Favaloigsad Seicmr
Vsl SihL el ) Wil T

E- ISSN 2X78-340;
la Res, 8. Wiedogiedl ¥e,

AFLINACHAL PRADESH

ot
r{u

w -;5.-\. 3

o

*M.-'ﬂ.""

]
[ A
L

§

4

P
t— __,'l-n...i'._.

A

R

E

J""IH.“J
L]

_— 4
i

e 3

Jr \': a# R "-!I
s
L

-

LOWER SUE ANSHI DISTRICT

Figure-1
Maip shoswing Uhse location of the Apatani Plaiean

Fish-fewd fornmbation: The steps involved in the process ane
isenbied Bebow, Step U Deying the Gish-feed ingredients e,
th e sessilses, algal mass and porlic in mioven of 70°C for 48
les. Step o Grnding the deied ingredienis separately info
powider form using o grinder, Slep 3: Mixing the powderes
mprodents m the proportion 1irice residue): 0.5 (lgal mas)
01 (garhe). Step 40 Preparing sofl dooph of the powdere:d
vt folkowing the propartion as mentioned above by ndding
npproprise  quanddy o clesn  water (o0 nopmal  room
temperture]). Step 5 Making pellets af snidable sizes from the
fresh dough using n pellesizer. Step & Drying the pellets in an
oven of Gl o 24 houary,

Analysls of nutriendt content of (he feed pellets: The
nutritionnl value of the fish-feed formwlntion wak analyred for

their nutrienl coment af dry phase (oven dried o1 60°C for 24
Twors)™™,

Effbesey test of the feed pellets nnder laboratory condition:
In order b carry oat the efMcacy iest of the formulated feed, fish
prowth caperiment  wsing candidale specles In aquarium
conditkon waus perforied in the liboruory during December,
14, The Feeding trinl wos cormied ot for o period of four
weeks in fowr experimental aquaria (30 L capacity). Fries of

Internatbonil Seiciee Cormmiiiiy ARaiaim. i
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Cyprinis eaipla of sizes ranging from 2.5-15 em were
coflected from the negrest fsh farm, and were acellmutized for
A8 bours in the aquaria, This was followed by siocking the fries
. the expetimental aquarin under different trestmens & 12
tndividuals per squarium, Three feeding  treaiment uRibg
pelleted feed respectively & 3% (Treatment 1), 5% (Treatmen
20, and T% (Trestment 3) of iniiinl body weight of the dncked
fishes were lested sinulancously. The fishes were fed twice
witly the fixed daily ration respectively o O8:30 hr and 17: 30 I,
One aquarium with po supplementation of feed wiis dsed g%
candrol, 1t is assamed that in the control aquarium, the stocked
fish survived only on the available plankion commumities
prescil in the aquarium witer, Al the end of each wick, the
treated fishes {each group with dwee replicates) froan diffenem
experimemal squaria were measired for varisus isphiomeiric
ued growth parameters™ ™, The water in all the experimental
acisria wak chinged once during 15% day of slocking.

Assessment of water quality in (e nquaria: Water quuliny

parameices, which are penerally considered for fish cultare,
were  analyeed  for i i

methodologies'™, The first set of

stocking the fish in the nquaria 1o fnd out suitnbidisy of the
waler for the aquarium experiment, Socond set of analyss wis
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et priewtle vespnnse, nnibiien siilizsinom capciny il simvival
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Hesults und Discussion

Mutteie st comtents of bl the b iy availalele apn Tuce wintes
wend ik Fisli-Toer] wmpredients sl tse Ganniliel N feed iendmip
fhe wpgrelaed wistes il compitnisi ol meloenl conlonks of
the fowmmbated fih-focd with stambard fiah-foed is Tegresented
i Valsle LT fovmsilibed Teed comadned Tugh dictary preosein
CALU2%E ) il ly i comadilemed winbibile far leclier proewih ouie in
lish'", Corluilypdiite, alibouph mot so essengial in fish foed"™, i
i ke anoguocultuee daets for thein Biding aciivity during
fecal mumulacharing, In this regand, less corbeliydrste confent
(20050 o the propased feed s also comsidered soitaBile. Liplds
comtenl way Tew C1L35%) v comparod b the gencead (lsh-Teed
stamidiend. Posiibes, trace pmminits of minerals Tike sodidm sid

pretiessiomm, and froces of Yitamin O were also detected in the
forvlatedl  Figh-feed.  However, preiter  conceniraiion  of

E- 185N 2278-3202
Mo, Res J Beelogloal Sel

|l|l""a]'i'llllllll-- P A0 am the Tormutated Teed coutams us azninsg
b wpue b cogipslementiatbon of the feemulated fish-feed mio the
rice-Tech culie sypaem, which oiherwise, might decresse the
expcding BB ptie ol the slee Teeld waiter ond vesald Geeilitane tee
duimhieinte ol makance Cyanophyrese algae’ by replacing the
faulitabibe algal species fem the dee-Gish sysiem

Talde-2 shows the feesling response, growth responss, aunent
ulileitiom el starvival purameters of Cypeines carpio Iy fed
wilh warying quandiaes of the preparad fish-feod in experimental
ijuinean. [ reveaked sodinfbelory feeding and 100 sorvival
undler sl e teaiments, Body weight, body length, standard
berpih and bisly lk:pll: af the [ries cherwed hatter pﬂ'ﬁmmnce
unler  Treatinent 2 beyond  which feed  supplementation
(Tredtmoent 3 hatd @ nepstive effect on fish prowih pomicalarly
o bedy Temgth ool body depth as shown in Fipures-2A and 2B
respeeiively, However, hiphest value af feed convession rallo
(R ) aml lowest values of condilion factar (K) snd specific
prowth rute (SGR) under Treutmenl 2 ndicates le asdmdlofion
capacity wnd ks sibtable habathal comiibon for the docked finb
and g low fish prowth rste othis eatmem. SGR and K of ihe
slicked fish wene significantly more onder Trestmem | which
alst bud bowest PCR and excellent feeding response s shown in
Table-2 und Figures- 2C and 30 thereby showing benier growth
mile ifue o eiter nulfiend awsimdlation pul:l;nrrli;nru:d' h-'_r besier
habilal condition of the stocked b in Trealiment 1,

Table-1
Mutrkent contents (% ) of lecally available sgro-based wirstes used as fish-feed ingredients and the formulated fish-feed wing

the agro-hased wastes and comparison of nutriont coptents of the formilated fish-feed with standard fish-leed

Agro-hased wasies
Farmulnicd Mish-foed Mutrieal eonfents of

Moiricnl  econlent _

o Peri fc gl using the apro-hased standard Mish-leed as
(%) Fermented residual | 'r""' : E‘ i wastes per Hassan, 2015

rice after preporation
of ‘Apang’ fielid waler near the
rice rhizmphers

: Not very esuentin bat
Curbalyda LIE L o .39

Srholiydraie may conlsin 15-205%
Prodein M3 325 2297 I E-505%
Fal Ll .01 333 10-255%
Crlcium 1.0 1. 1.15 Tree amonl
Phuslisriss 19 340 736 < 15%
Soadium | (10 0.30 Trace smaun
Potassium 03 (.63 L.27 Trace amount
Vilamin © i {E1L N4 Trace amoam

Lnternatiinal Sehente Uy
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The squasuilure esprenimend revealed that the vncled il whold
pertorm befer in terms of their feeding response uily grrwal
vake, mumisislunen and hubitn conelition when they are fed with
MR mUR dine fie, & 3% of their inival bedy weight;
Vreutmem 1), T may alw be mentioned bere thit os thee feed had
presler  concentration af P, jower dose of the  feed
supplementation would alvo help 1n muinizining the existing
ratie of K ound P i the rice ficld water and the diverity of
ewisting algul und rooplankion communities in the Tice-fish
s, thal ned = motural Bve Teed for the vocked fish,
Minimum sepplementation of the Tormulited feed would help
the stocked fsh fo grow beiter by feeding not only on the
sipplementary feed but aho on the et diverse nagural Jive
feed from the rice-fish system. This would help in suvainohle
unbzation of the patural resousces from both within (alpal

E- 1588 IXTH-320
int. Rew, £ Biodogical Sci

chemps i the witer-lopped nce feld) end outside (Jeft over of
fermented ree afe preparateon of the 'Aperg’) the ree-fish
i hbem by the cnched fish leading to ingreased fish prodoectoon.

Table-) shows water qualty poramelers before and afier
supplementing the prepared fish.feed for four weeks o the
experimental sguana and il Somparison with waler standards
for freshwaier fisheries. Efficsey 12w of the formulaiad finh-feed
of the waier guality parameters showed  variations. onder
dhiflerent ireatmemts, though no clear<ul irend was observed.
However excepd the waber lemperaturs, the water guality of all
ihe experineental sguatia was within ihe fishery sanderdy™ 7,
Thin was due o the sensopnl effect as the cxpenmenl was
condutted dising the cold manth of Deeember. 24,

Takble-2
Feeding response, growih response, nuirient atitization and survivel parameters of Cyprinus carpio Try fed with
. varying guantities of the formulated fh-feed in experimontal squaria
Trealmeni] Treatmentd "‘::;m';_hﬂﬁ
(feeding @ 3% | (feeding & 5% i
ofthe tnitisl |  oftheinitiy | OF e initial
Farunwicrs L anidral hods body by Feoratin
weight of the weighl of the irlip:l'hl!lnl';ht
stochod Nish) slocked fish)
fizh}
Feeding respome - Excellen T Ciond
Body weight 4y 5.5% 518 3.16
{em) £00.24 0,08 <007 0,33 =
Body lengih 7.1 733 7,60 1.28 ™
temi .30 4011 009 015 il
Girowalh Staneard length 583 6,01 6.33 5,74
reAponse fem) 20.10 #1103 0.0 £0.13 LA
Body depth 2,06 208 2.14 2.07 "
tem) 4105 +0.03 +0.08 40,03 B.7a
s e Ul 518 154 4.11 i
(% dl}"r:l 0,77 134 ¢ a7 .84 y
Nitriet Fﬁf&“ﬁ]‘“ 2.76 26.35 9.96
wilization : 40024 £14.75 4376 1862
Sarvival rate
1o 1041 100 104 .
Survival s
| Condition factor 139 145 1.32 1.34
(K} 0,08 40,407 4005 +0.03 G.aye
Meun $5B; nu ]2 **p=0.01; * p<S
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Waler guality parnmeters Lelore wnd after s

Tabie.d

: pplementing the formmbited |
Anuarta and its eompuris

isl-Teed o fiur weeks b the cxperimeninl

T o it waster stanctardy fur freshwater fishories
Cality of o ) Standluribs of wiler progiertics
waler Water quality in experimental mepuiirin aller Pope | For wirm Teeslioeater Bshieries
which was weed | Weeks ol supplementation of (e prepared Gish-Teed in pristael
for the squaria 0% per
Parameters experiment
before stocking
the Fisly im 1l
experimental | Control T""“'I"TM T'"";“'"r T“'“:'"""' Noyel, 1995 | Das er al, 2015
HETLTItE g )
Wl I
{"-‘.:]t N i 0 17410 1910 | 18508 | 1550058 250320
pH 6.5 TA3008 | 7440007 | RO2=037 7.8440.07 7.0.84) fh5H.4
[:1‘;??;' doxygen 612 9074111 | 9404020 | 68098 | 9495179 | 50050 5.0 100
Manbopbesl  onypen
demand @ 20°C for N8R 6491076 | 6082250 | 4090052 | 4800060 <100
3 days fmg l':]l
F"’T.’;"’““ dioxidel  yn.ng 9904137 | 7994197 | RASe133 | RO00 1Y | Loonm <
mg
:4;‘;‘;:';” 0.2 2514066 | 4224063 | 2454074 | 4432087 | 02100 0.1-3.0
};"ﬁ;‘fﬂf""' 0.29 0,140.0001 | 0.1540.002 | 0.1820.026 | 0.19:006 | 000502 | 005-20

Mean +5E; “n=l{Amlyses of woter quulity from the wailer soorce before stocking she fish in ibe experimental mquarin); ** n=1

i Analyses of waler quality of the experimental nquario at 14" ond 28" day of stocLing the fish)

Conelusion

Owerall, the sindy highlighted the possibility of increasing the
secandary productivity of fish in the rice-fish system of Apatoni
Platean by explofiing the existing apgro-hased wasies which
would definficly tesubl fn more per capitn  Tish-prodein
comsampdion ond befer economic returms to (he bocal people of
the Apatoni landscape in sustainoble and environmenial friendly
wiys, However, Turther stuches fodlowing on-farm feeding trialks
would cnable us towards bener understanding of the growth
performance and  habital condition of the socked fish, n

addizion 1o the overall ecology and economy of the Apatand rice-
fish system.
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ABSTRACT

A study was undertaken to assess the planktonie
Lommudnities and the witer properes in the rice
fgh system of Apatani Plateau of
fradesh. Samplng was done during the aguatc
phase of the system from May o September
2012 Water guality parameters like water tem-
perature, pH, dasolved oxygen, free carbon dignx-
wde, biological oxygen demand, total alkalinity
phosphate-P and nitrate-N were analyred Be-
sigdes, gualtatwe and guantitatve estimabion of
plankton were also done. The present inwestiga-
ton revealed the nce-fish systems of Apatani
Plateau to be moderately nutnent nch ang shal-
low systems. The study revealed a total of 77 taxa
of phytoplankton belonging to dasses Bacillano-
phyceae, Chiorophyceae, Cyancphyceae, Ding-
chyceae, Euglenophyceae, and Zygonemophy-
ceae. Besides 2 total of 15 taxa of zooplanicton
were wdentified belonging to groups Cladocera,
Aotifera, Decapoda Copepoda, Caianociga, and
Drplostraca. Among the phytoplankton commu

~ty Bacillanophyceae was found to be the dom:-
nant diass and among the zooplankion Cladocers
wizs the domengnt group

Key words Plarkton, noe-fish system, Apatan
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INTRODUCTION

The term “Flankton™ refers 1o those m
aquatic forms which are non maotile of  in
ciently motile o

currents and lLiving suspended m

nvercome the transport
the ope
pelagic water (Greek planktons, meaning
dering). They comprise of heterogeneous gre
of tiny plants and animals adapted 1o susp

in the se2 and fresh water Thewr intrinsic
ments, 1if any, are so feeble that they remain ¢
sentially at mercy of every water current
plankion belonging to plant origin are calle
phytoplankton (phyvto =plant. plankton ~floatin
and those belonging to animal ongin are calle
zooplankion (zoo = animal: plankton = float
(Eaton e af., 1985)

The plankion can further be divided on the’
basis of thewr size viz.. megaplankion- more thas
RBcm, macroplankton-size vary from Imm to lcm,
mesoplankion- 0.5-1mm. microplankion- 006
0.5mm. nanoplankton- 0005 to O 06mm. and
ultraceston -0.0005 to 0.005mm ( Batmish, 1992)

Planktons are of immense value 25 food for
fishes and play an important role in the natural
purification of polluted waters However some
plankton form a harmful bloom and they cause
high mortality among the agquatic organism and
pose 2 senous hazard in the water supply for do-
mestic and industrial use. Plankton also play im-

‘;
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I..- |_1:I|l= &k i iElar f waled ITRTTR
& yiani Platenu of lower Subansint district of
B aat Pradesh (267 5% o JB721 Noand 94
94" 21" L) donunated by Apatan tribe wi
B yolved in Integrated Apriculture Agquacul-
in therr wel Tice fields since many years
! ln'ﬂ:ﬂm“’d Agriculture Agquaculture is free
E the use of agrochemicals and additional
% of supplementary feed for fish and this
que practice 15 popularly termed as ‘aji ngui
si” (Saikia and Das, 2004). The cropping
b of the arca includes mono-cropping of
once in a year in their wet plots and it 15

in context of production and also its sus-

dlnaniiy Bs reveaicd Oy edliic rescarcigs | isd

¢ al 1007 However, till now there s no
tatied information an the phytloplankion and 200
communities in this unbque rice-fish
sysiern. Hased on this above background infor-
mation the present study was taken into consid-

eralinn

plankiar

‘l.hr.-:_'| L

For the present study five sations Tam
Apatani plateay were selected (Long 27 33-
27°35E and Lat 093°49 1w 093°30W) These
were Bamin-michi, Hari, Bulla, Hiza and Hong

n
: [
y Q:’//): { 3
& b
E Q;g |
5
- <A [ Rice field area
(\ 3 « Bamimichi
g § + Bulla
- Hari
. & ;r Hiza
? h--- 53747 L I ww e
L] ] i Kliom wi=rs
Figure 1 Study site : o>
s 3 N
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MATERIALS AND METHODS

Analysis of the physico-chemical properties
of rice field water was done, following standard
methods of Michael, 1984, Eaton e al., 2005;
Ramesh and Anbu, 1996, Gupla, 1999, Tripaths
gnd Covil, 2001 and Rice ef al,, 2012, For quan-
titalive estimation of plankton Lackey's drop
method (Lackey, 1938) was followed. Both the
phvio- and rooplankton were sorted oul and
identified to the lowest possible taxonomic level
wsing light microscope (Magnus MLXi binocular
microscope). |dentification of phytoplankton was
done a1 magnification 40X and that of zooplank-
ton at 10X following Meedham and Needham,
1962, Pentecost, 1984, Baftish, 1992; Anand,
1989, 1998; Bilgrami and Saha, 2004; John er
al., 2011 and Rice ef af,, 2012,

RESULTS AND DISCUSSION

Table | shows the physico-chemical proper-
ties of water in the rice-fish system of Apatam
Plateau. In Bamin-michi, high values of pH, DO
and least value free CO; and PO,-P gives a gen-
eral indication about the presence of less organic
matter content in that station. Greater value of
W0y-N in Bamin-michi was perhaps due the less
water depth and subsequently less waler :mlwn:
in the station and hence the concentrations of
nitrates particularly due to faccal matters of th:
stocked fish. Least value of total alkalinity in
Bamin-michi indicates very low buffering capac-
ity of the water there and hence more stressed
condition for the stocked fish. Greater values of
BOD and PO-P in Bulla indicates presence of
shosphorous-rich organic matiers in morc quan-
tities and more microbial activities that lead to
the release of PO.-P in greater amount al Ihft
station. Hiza had highest value of water and sedi-

145 O 2013 MIPOGRASS www sCERCEVISION O

mem temperatures  This might be due 10 leggl
water depth at this station and also might be d £
o the reason that sampling in this station 1'
done when the solar intensity was igh that alsgy
lead to increase noair lemperafure thereby
flecting the close interaction of air, water and
sediment temperatures in the aguatic syste
Hiza also had greater value of total alkalinity
thereby reflecting relatively more buffering
pacity of the water in this station. Low values of]
pll, DO and greater value of free CUzin Hong!
reveals a relatively stressed condition in this staf
tian. This might be due to more density of plank-
tonic organisms (Figure 4) and also the stocked
fish. However, BOD was less in Hong, This wag)
perhaps due to more water depth and hence more
waler volume that lead to the dilution of organic
matters in the water and less water temperature
that lead to less microbial activities in that sta-
tion. Least value of NO+-N in Hong was perhaps
due to greater photosynthetic activity of
phytoplankton which had a highest density at
that station {Figure 4A),

Table 2 shows the distribution of phytoplank-
ton in the study area. It reveals the presence of
77 taxa of phytoplankton belonging to classes
Bacillariophyceae, Chlorophyceae, Cyanophy-
ceae, Dinophyceae, Euglenophyceae, and Zyp
nemophyceae out of which 45 taxa belonged 1o’
Bacillariophyceae, 13 taxa to Chlorophyceae, 12
taxa to Cyanophyceae, 5 taxa to Zygnemophy-
ceac and | each to Dinophyceae and Eugleno-
phyceac. In all the stations Bacillariophyceae
followed by Chlorophyceae was the most domi-
nant phytoplankton class (Figure 2). The domi-
nance of Bacillariophyceae in the rice-fish sys-
tern was due 1o more silica content in the sedi-
ment and water which is the major nutrient re-
quired by the diatoms (Lukaw ef al., 2012). The
second dominant phyioplankton class  was
Chlorophyceae which was perhaps due 10 low
temperature of the rice field water, moderate
nutrients like NO;-N and POP (Musiapha,
2010) accompanied by betier substrates, the'

plants. Among all the stations, Hiza and
Hong had the highest phytoplankion density
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(Figure 4A ). However, phytoplankion laxa was
reisively rich in Hiza and poor in Hong (Table
7} Therelore, different rezsons can be ascribed
fr the grester densny of phytoplankion in fwo
differere stations of the rice field systems. l“:
vioplankton density wi
ek mivinplankion taxs might be duc favorable
environmentz] condition (particularly due 10
more 2lkslinity) for diverse taxa st that station.
i Heng the prester phyloplankion density with
jewr phyioplankton taxa might be due favorable

i 201 AIPCKGRASS e JCICTCEVISION IR
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area [t shows the presence of a total of 15 taxa
of zooplankton in the study area belonging to
ps Cladocera, Rotifera, Decapoda, Cope-
Calanoida and Diplostraca. A total of &

taxa belonged to Cladocera, 2 each 1o Rotifera
and besides | each to Decapoda, Co-
Calanoids and Diplostraca. It was ob-

served that in all the sampling stations Cladocera
was dominamt zooplankton group (Figure 1)
thereby indicating the rice-fish system to be free
from intense pollution which favored 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 e al., 2012)
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n the rice-fish system. Zooplankton density as
well as its taxonomic richness in the rice-fish
system of Apatani Plateau was highest in Hari
and lowest in Hiza (Figure 4B and Table 3). This
was perhaps due o greater variations in the water
properiies in both these station that favored the
growth of zooplankton community in one station
{Hari) while in the other station (Hiza) the water
properties were not that congenial for the growth
of diverse zooplankton.

CONCLUSION

Overall, the study shows that the physico-
chemical properties of water of rice-fish system
of Apatani Plateau varied considerably from one
station to the other. Investigation of plankionic
community revealed that the rice-fish systems of
Apatani Platcau are moderately nutrient rich
shallow lentic ecosystems. The phytoplankion
were more diverse than the zooplankion.
Amongst phytoplankton the most dominant class
was Bacillariophyceae followed by Chlorophy-
ceae with 45 and 13 taxa respectively. Amongst
zooplankion the most dominant group was
Cladocera “&thitanin.lhcmldr.ﬂgn
whole.
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Abstract

The present study was conducted in high altitude tice-fish system of Apaani Mateau, Arunachsl
Pradesh to assess food preference and feeding of the stocked fish, Cyprinus carpio. Sampling wis
done during the fish stocking stage in the rice-fish E]frlttm of the Apatani Plateau ie., from May
to August, for two consecutive years Le., 2013 and 2014. Analyses of plankton in the rice field water
periphyton on rice-stems, and gut content analyses and computation of diffetent feeding indices ol
Cyprimus carpio stocked in the rice-fish system were done. The study revealed the fish 1o be omnivarous
in its feeding habit. Algae, both the suspended and the srtached forms, dominared the food items of
the stocked Ash. Besides, the stocked fich also fed on zooplanktan/zoo-periphyton communities, and

iscellaneous food items like detrital matters and insects and insect larvae erc. Amongst phytoplankton/

phﬂu-pnnphpun belonging to class Bacillariophyceae was the dominant food item of the fish and amongst

map!zuhm-ﬂmu-pﬂiphmn the group Cladacera was the dominant food item. During the initial stage

of stocking the fish p-reﬁ:rn:d the food items available in the rice field water. However, with marturity, It

hified its food source to periphytic organisms Preserit on the rice stems and on detrital matters available

in the water 1u5;gtd rice ficld.

Key words: Rice-fish system, Cyprinus carpio, gut content, Apatani Plateau

Introduction

siani tribe dwelling in Apatani Placeay, located in lower Subansiri district of Arunachal Pradesh, North

st India, are involved in integrated :gricuhurc a.qu;lcu]mre i their wet rice fields since 50 years. The
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gni tribe is the only tribal community in India who traditionally practice rice-fish culrare which is free ¢ \':
5\
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in order 10 increase the fish productionfurther studies are needed 1o get complete information on
available food and feeding behaviour of the stocked fish with respect to its growth in such systems
Earlier studies showed a close relationship of food intake by the stocked fish with the available plankion
and rice-stem periphyton communiries in the rice-fish systemn (Gupta er af, 2015}, In the present stud,
atiernpt has been made 1o get deniled information on the overall feeding habir and food preference of

i cdThIn stocked in the rice-fish system during successive months of fish stocking in relation to jos growtn

L]

Materials and Methads

Study area: For the present study a rozal of ¥ villages of che Aparani landscape were selected. These were
Bamin-michi, Bulla and Hong (Fig. 1).

i . i =

f
I
i

e
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1

Fig 1: Map showing the sampling sttions
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Field Sampling
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Laboratory Analysis

I the laborarwry alter ane week ol keeping the ]lrl"'_r.rw| ]lliril':rull anil periphyton wmples fur ther

settlements in the botwm ol the contziner the final volumes af all the ulnp]u i plankion and rice stem
|1n'1|:||:,.llm| collected from the rice lields were made v 10 ml either by decanting the exiess sUpernatants
very carelully ar by adding distilled warer. For the fish samples their respective lengths and weights were

neated down after drying them with tissue paper. Intact gues were separated out from the flsh samples and

were weiphed using an electionic balance (make: Shimadsi, model: Axz200, No DA4O420098). This was
fllowed by noting down dhe length of the gur using & messuring scale. Afeerwards, the individual gues
were disseriel] ou ;rll;”;m-hl aned thelr comrents were waken our and Fll"'.-‘.-tr'\"l'.'ll with 4 ml 4% Formalin

with litele distilled water in separate test tubes, For gt content analyzis of the stocked fish, stomach of

each fish "‘”"PI' was dissected our and it contents were removed very r.arcl'u]l:r on Petrl dl'mh Contents of
the put were dilued 1o 10 ml by adding distilled water, Identifications of plankeon, rice stem periphyton
and put content of the sweked fish in the rice-flsh spstem were done drop wise on plass slides and
Youking through hinocular microscope (make: Magnus; model: MILXi). Microscopic identifications of
anbtan, fice stein P"-”F}E’T”'" anil gut content of the stocked fish at lowest ptm'tmt TaxagOmic level was
e at 10 and 40 mapnifications following standard keys Ward and Whipple (1959); Needham and
dham (1972): Biswas (1980); Ghesh and Sengupta (1982); Michael (1984); Vazirani (1984); Gohan
9BH); Anand {1989, 1998); Santhanam # al. (1989); Bartish (1992); Santra (1993) ete. For quantitative
imatian of the plankton in the rice field water and periphyton on the rice stem and fish UL EONTENT,
s drop method (Lackey, 1938) was fallowed. Quantitication of food preference by the stacked Fah
done using index of preponderance following MNatarajan and Jhingran (1961). Intensity of feeding

|
. i o e ¥
the stocked fish in the rice-fish system was determined using Castro-somatic index (GSI) following %7 %

X 4 F
-"',.,‘(" A
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Results and Discussion

(i !.‘I“'!""'I‘Lll'lhl"l'ur'lﬂ'-'l-'l" peviphiytomconminimite prresenin e lish gur consiued of (8 txa belonging to classes
Hacllarisphyceae, Chlorophyceae, Cyanophyeeae, Rhodopliyoeae, Buglensphyeeae, and Zygnemophycee
O the other hand, sooplankion/soo-periphyton commnities present in the fish gur consiseed of 12 s
belonging w groups Protoeoa, Beyoms, Cladocera, Copepoda and Hotifera, Amongsr phytoplankten/phyo-
peripliyton communities presenn in the fish g, most dominant clases wese Bacillariophycsae followed by

Chiorophyceae and Cyanophycese, Amongst sooplankton/zoo periphyton communities present in the fish gue,
thie smvosst donvinant grosps were Cladocera followed by Copepada Clatile 1) Index of prepanderance showed
vhat thiere were variations i food selecion, | lissever, cerun raga sich 2y Meloirng 5 Naseula L7 1 Fimudiras

sy Docidivem sp., Stasrastrnn spy., Clastertu sp., Carmartum sp., Paarmbaisn sp ancd Arthaena sp. EMONE
phytoplankion/ phyto-periphyton communines; and Bacmeima sp., Alona sp., Macrateree sp., Chyelarsa sp. and
Cyedops sp. amongst woplankionfio-periphyton communities were comimon in the pur of the sodked fish.
Plypvoplankon/ phyto-petiphyton belonging 1o cusses, Lypremophyceae, Rhodaphyeeae and Euglenophyceae
and zoophankion/zoo-perighyton belonping w groups Prowenoa, Brymeoa and Roufer aced as ecashonal food

jrerms bor the stocked fish (Table 1)

When comparison lor fish gut content with plankton in rice field water and periphyton an rice
siem was done it was obscrved that our of a 1oal of 97 taza of phyteplankton/phyro-periphyton from
the the rice-fish system as & whole, 87 taxa were found in the rice field warer, 79 taxa on rice-seem
and 66 taxa in the fsh gat (Table 2). On the other hand, our of a toral of 20 taxa of zooplankren/

too-periphyton from the selecred stations of the rice-fish system as a whole, 20 taxa were found in
the rice feld water, § taxa on rice-stem and 12 raxa in the fish gut (Table 2}, The result, cherefare,
indicates that the stocked fish do not feed all the availeble plankronic and rice-stem periphytic taxa

in the rice ficld.
In the rice field warer, phytoplankion comprised of 90% and rooplankion 10% (Fig 2A) of the
rotal plankron communities, On the rice-stem, phyto-periphyton comprised of 99% and thar of
zoo-periphyton 1% (2B) of the votal rice-stem periphyton communities, In the fish gur, phyvoplankton/
|:111}r|;u.|1n-'|1;|]1?|:11:1 q,:.nmpri:er.l of 95% and mp!ankmm"mn—p:rlphlﬂm mmptisﬂd-ﬂf 504G {Fjg. 2C).
All these, therefore, highlighes the fact that in the rice-fish system there s thedominance of algae,
both suspended (in the rice field warter) and actached (on the nice-stem) forms with less occusrence of
rwoplankton/zoo-periphyton communitics. The stocked fish feed on these food items with maximum
(phytoplankron/phyto-periphyron). Such feeding activity by the

[eeding on the algal cornmunities
Lo help the rice plants in bereer utilization of theavailable nutrients

stocked fish in the rice-fish system a
present in the rice field by reducing it competition for nutrients with the algas in such system,
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e sty wise ' [ .
1% » |I'I-.hl aiidlvacs AT |I|,||:I-.||I|. o e e || Wlle| ]"1'|'i['-'.'-i-'ll M fce-

' W oreveals thar during Mav the

e and el vontent ol s kied | carpaet in the tice-fsh svaem (Fi
pH content o the stocked Bish had meve similarny with prlankion axa present in the rice Held water
l"'- 11“"-'-"'-“'-'- iinhivates lh.l-l. nll1ll1'|!.', thie I|1|t1.|| shape ol bl spo L|||.|; fin r|:r r.'1|.1r11h |1|'.|"-|.r. ! the |r|'-'cmff:
Fishes wok most of the food wems tom the tice Held watet | Miring June, the gut content of the stocked
bsh had more similurity with the perphyton s on the rice-stem. This indicares thar during June
st o the twod ivems of the stocked fish were Trom the tice-stem. During July, the gur content of
the stocked fish tormed a veparate cluster, which indicates thar during July the .'i[l.'u.‘]-l.n[ fish er:rl:nrjtd
euually on vice teld warer and tice-stem for s feeding, purpose. Dunng August, the gur content of the
stocked Lisly laaed wvore similariy with the rice-stem 11::'r1ph\.'h1:1. This indicates that with maturity the
stocked fish depended more on the rice-stem tor its feeding, The cluster analyses, therefore, revealed
that there is a change in the selectivity of live food by the stocked fish in the rice field in the successive
months of (s stocking with respect to its growth, The results tevealed that in the inital stage of fish
stocking the juvenile fish prefered planktonic organisms. However, with maturity, its food preference
shifred 1o penphytic organisms on the tice-stem. The present finding is also corroborated by similar

observations of Saikia and Das (2009,

Muonthly variations in relative values of index of prepanderance (%) of Cyprinus carpra with respect to
phytoplankeon/phyto-periphyton and wooplankun/zoo-periphyton feeding in the rice-fish systemrevealed
that maximum feeding on rooplankion/zoo-periphyton rook place in the initial stage of stocking ie.,
during May (Fig. 4) which dropped down in the succeeding months and the feeding shifred to algal

' biomass particularly these attached 1o the rice stems,

o Variations in index of preponderance (%) of Cyprine carpio with respect 1o phytoplankton/rice-stem
'[‘I'l}'ll"'l"ﬂlq'h!'“'“ classes and :r.mplmlr.mn.f:i:r-mnmnapcﬁphﬂm Eroups in the rice-fish System showed
that more than 70% of live food organisms of the stocked fish comprised of diatoms. This was followed by

filamentous algae particularly those belonging to class Chlorophyeeae (Fig, 5). On the other hand, amongst
sooplankion/zoa-periphyron, group Cladocers was the most preferred food item of the stocked fish (Fig, 5).

Euclidean distance amongst plankton from rice field water, periphyton from rice stem and gur content
of C carpio stocked in the rice-fish system reveal thar gue content of the stocked fish had more similariey
with the periphyton taxa present on the rice-stem (Fig. 0). This therefore, reveals the fact thar the stocked
fish in the rice-fish system depend mastly on attached EIE'J.-L' and animalcules on rice stems as the major

sounce of its live food items.

Month-wise variations in gastro-somatic index of the srocked fish decreased consistently from May 10
Angust (Fig: 7AY. This indlicates a decrease in feeding activity of che stocked fish with increase in masuricy.
RGL was lowest in June and highest in August (Fig. 7B). This indicates the shift in feeding habit of the

ked fish. Lower value of RGL during June indicates predominance of omnivorous l‘i.-:.-dm_g during
o month. This is due o the presence of diverse live food erganism for the stocked Rsh during JI.:H;

5o
.{ E'ET J;I{I'.l-
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Conclusion
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£ Jarvae erc. [Juning

mibseellanenus food items like detrital matters and insects ot inse
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water, Hewewer,

rhie inital stage of siocling the lish preferied the foid ftems availshle in the rice field
with marurity, it shified s food source

matters available in the water lopged rice fields.

o perlphiytic organisims preent on the pice stemis and on devrinal
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Manuleria aonmpdueris, Riwpabodia Diagwmais Amphang dealivs
golebar, f fisrniaiuom sp. Mielovirs MNiemiednios ,'in-{dm!h » Roplaladia
s, Mamicwle sp., Namiowls mwsiva,, gitdan [Ratams ewlgares Fimmulars
Plawirnla placenis, Mamboulin i
rlpclocephala,, PNuwicul wiridis
Picesctia s, Mitereina itgmeial,

Sururaneds s Kurirella g, Syadena sp..
Syderal il .!l:;rrud'rﬂ oo, Takeilaru

— ]

II.I. = = g
— | :|||m:||hlp;ur Ardirtraderamion s, Clasierivm sp,, Docidism = Siwrarmum = Clarerium

Clonterinm kueteingii, Cosnariam wCmmarium »Spiregynd

sps eimidinrm s, Demidiim = Hplrodivepen > Seneanmu

bardry Dlacidium sp., Euatro wAkismdramnd »Apbanicamenan

atblrsgss s, Garssnnapgon sp. Hpdrodiciyon | > Dermidiam > Cocptie > Stesranirum

s Clapanin s, Praiasirusn brermgalesiie = Microvptil s Ganamsyran
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