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The country has® vogt’ reseyvoir -rédsouress egtimated

at 3 million ha, The fisgh production from these reservoirs
numbering 500or go, of which 50 are large impoundments
averages 10.kgf yry -This répregents only o small frace-
tion of the fishery potential. Th Jorder to fill this gop
and improve the-fish production 1n,reservoirs in the country,
an A1l India Coordinated REsearch Proaect on Reservoir
Flsheriesgwaa lsunched in the year 1971 with the avowed
purpose of enlarging our horifon of understanding of the
ecological pri;clples and ecological production functions
that goverm reservolrs in the country and evolve suitable
managemant pollcles so’ that the results that may cmerge
from thése giidies will be not’ anly relevant to any reser=
voir under. under the Proaec¢ but the results could
be extended a ggstariori to other resérvoirs of similax
eco~morphologlcal paramotersg The studies. carried out in
Rihond Dam have throwh comsidersble information on soil
featyures of the basin, physico-chiemical partmeters of waterl, -
biotlc communities including planmkton, benthos, periphyton,
ichthyofauna, fisheries, stock structure of oconomlc fishes,
etc, leading to suitable management policy which could raisc
the production 4-fold, if adopted,  In spite of frequent
staff changes at the beginning, the progromme gained momene
tum aftepr o yetr under the wble and dynamic supervision of
Shri V.R. Desai. His fellow colleagues 'put forth their
very best effort.  Even those who worked briefly gave their
__best. "The . present report represents their dedlcated WoTrk .

I record my appreciation of the excellent worik done by
these workers and also for tThe help rendered by the State
Figheries Department, I like to make a specizal mention
of ever=willing help received from the\piréctor of Fisherics,
Government of Uttar Praodech, ‘Dr. Y.R. Tripathi and Shri A,N.
Singh, Deputy Dirdéctor of Fisheries. I do sanguincly
hope that the State in line with recommendations would |

toake up development measures,.
\

| e —

A V. Natarajon
Directox
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1 INTRODUCTION

A number of river valley development projects have
been taken up in India since independence which have led to
the creation of a good many impoundments. Some of these
reservoirs are meant for irrigation, others for hydel gene-~
rotion, s8till others for storage/flood control/navigation
while some are multipurpose reservoirs. FPresently there are
about 50 large and 475 medium and small reservoirs covering
an approximate water surface area of 3 million ha which is
likely to double itself in the next two decades. These
water bodies offer a picture of wide—=ranging ecological
variety and are an important source of fish protein.
However, only a fraction of their potential is currently
being exploited, the average fish production bc1ng T kg ox
so per ha per ycear.

Hora (1949) conducted = pre-impoundment survey of a
100=km stretch of Rihand river from the proposed dam site
at Pipri to its confluence with river Sone at Chopane.
After the impoundment, Tripathi (1968) observed the breecding
of Indian major carps in the Lotic sector of the reservoir.
Motwani (197¢} published an account of the studics conducted
by the Department of Fisheries, Government of Uttar Pradesh,
incorporating observations on hydrobioclogy, fish fauna, and
experimental and commercial fishing. With .a view to
understanding the ecology and dynamics of fish stocks for
obtaining sustained optimum fish production from the
reservoir, the Central Inland Fisheries Research Institute
(ICAR) established a centre of the All India Coordinated
Research Projcct on the Ecology and Fisheries of Freshwatexr
Reservoirs gt Rihand in May 1971 and the present report is
based on the investigations conducted by this Unit from
1971=81(Fig. 1 & 2) .

2 MORPHOMETRY OF RIHAND RESERVOIR

Rihand reservoir has been formed as a result of a
dam across Rihand (also known as Rend or Renu) river ncar
village Pipri in District Mirzsapur of Uttar Pradesh. The
Rihand is a tributary of the Sone which in turn joins the
Ganga. Rihand originates from the hills of the Rewa Division
of Madhya Pradesh draining a catchment arca of 13,344
sq km. The confluence of Rihand with the Sone lies 45 km
below the dam at a place known as Chopan (Fig.B . While
three~-fourth of the reservoir area falls in Utcar Pradesh,
the rest is in Madhya Pradesh. Eihand is a hydel project
with an average water-spread arca of 30,148 ha (FRL - DSL/2)

Hora, S.L.(1949). J. Zool. Soc. India, 1 : 1=7
PTripathi, Y.R. (196 Vs Proceedings of the seminar on production

of quality fish seed for fish culture. CIFRI, Barrackpore.
1 & 2 Nove., 1968,




Its annual water level fluctuation is about 15 m, the mean
depth at FRL being 24 m,

The rescrvoir has a shore line length of 561.33 kn
and a shore development of T7.04 at FRL, the latter pointing
+o a high dcgrec of shore irregularitys.s The wvolume deve=
lopment of the reservoir being less than unity (0.89)
indicates a convex character of the reservoilr basin.

The data on Rihand are summarised below ¢

1. Latitude : 241" & 83°3" E
2+ Year of construction
(a) Commencement 3 1956
(b) Completion : 1962
3« River bed level at dam site : 190 m
4¢ Outlet levels

(a) Under sluice : 216 m
(b) Penstock : 224 m
(¢) Spill=way crest: 260 m

5« Arca and capacity Level (m) Area(ha) Capacity(million

acre feet)*

Dead storage (DSL) 236 13,759 1.3
Full rescrvoir(FRL) 268 46,538 846
Maximum submergence 271 50,594 9.8

6. Average annual water
level fluctuations . 15 m

T7e Maximum length of
the resexrvoir

8. Catchment
9. Annual expected inflow

A48 km
13,344 sq km
G+l million ace.ft.

Ll

10. Purpose

Power generation

one acre feet =0.12335 ha-n

Motwani, M.P. (1970). Report on the fish and fisheries of

Rihand reservoir. Department of Fisheries, Uttar Pradesh,
Lucknowe.



3 SAMPLING PROCEDURE N

3¢1 Zonol demarcation

The sampling and analytical procedure was in accor=
dance with the "Mcthodology on reservoir fisheries investis-
gations in India" by Jhingran gt gl. (1969).

The reservoir was arbitrarily divided into three
transverse sectors viz. Lentic, Intermediate and Lotic
(Fig.s). While the Lentic sector corresponded to the dam
area characterised by deeper and stagnent water conditions,
the Lotic to the confluence of the reserveoir and the river
with shallow =and flowing water. The sector in between the
Lentic and Lotic was marked as Intermedigtc. No bays and coves
exist in Rihand reservoir. In each of the above three
sectors, sampling was done at two centres, opposite each other,
one on cither bank thus covering six sampling centres in the
entire stretch of the reservoir. At each centre, the samples
werc cocllected from three zones wyiz. littoral = shallow, being
nearer to the bank; sub-littoral - slightly deceper, being a
little away from the bank; and, profundsl - deepcst, being
far away from the bank. Whilc the Lentic and Intermediate
sectors are deep with steep gradient and rocky substratum
covered with dense forest, the Lotic scetor is less rocky
hoving shellow and gentle gradient with a substratum of loosec
claycy s0il{Pigs. 4 & 5).

3.2 Surface water

Surface water samples were taken in the littoral,
sublittoral and profundal zoncs of the Lotic, Intermediate
and Lentic scectors. From January 1973 to Junec 1974, the
samples were collected once a month from all the three sectors
covering the cantire rescervoir along one of its banks. The
opposite bank was sampled in the subsequent month and the
two banks were thus covered in alternsate months. This monthly
sampling schedule was later changed to a quarterly schedule
from July 1974 when both the banks in one sector were sampled
in a month. Thus each secctor was samnpled four times in o
ycar with a gap of two months(Figs. 6 & §).

jhingran, ViGey AV Natarajan,'giw. Banerjea and Ae. David

(1969)« Bull. cent, Inlond Fish. Res. Inste,Barrackporc
(12) : 109 p. e




Diurnal wvariations of chenical constituents were also
observed at 6=hr intervals in the Lotic sector.

33 Sub=surface watexr

Sub=surface sampling was undertaken from January
1975 with Van Dorn water sampler manufactured by the Gencral
Enginecering and Scientific Works, Berhampur (Ganjam), Orissa.
Depth=wisec sampling was done in profundal zone only at
Oy 1 and 3 and subsequently at every 3 m but temperature, pH,
dissolved oxygen, free CO0,., and HCO. were recorded at a depth
of every one meter during the summgr months (April = June?.

3.4 Basin soil

At least threce random soil samples were collected
by an Bkman's dredge from cvery 26 km? in cach of the three
scctors during pre-monsoon (May—June) and post—=monsoon
(November-Decomber) nmonths., Soil samples were analysed for
organic carbon, available nitrogen, available phosphorus and
calcium carbonate and also for sand, silt and cley contents.

35 ZFPrimary production

Primary production studies using dark and light
bottles were made separately in ceach of the three sectors
of the reservoir in littoral, sub=littoral and profundal
zones. Depth=-wise obscrvations were rceccorded at every meterx
upto compensation level (3 m). At cach depth, threce sets of
replicates were used and the bottles exposed for a period of
12 hours from sun=risc to sun-sct.(Fig.B).

3.6 Plankton

Plankton was collected by a net made of nylo=bolt
(172.25) « Verticel plankton hauls were taken from littoral,
sub=littoral and profundal zones of the Lentic, Intecrmediate
and Lotic scctors. Each sector was sampled on both the banks
during a month, the remaining two sectors being sampled
along onc bank only. Thus altogether 12 samples were coll-
ccted in cach month covering the entire stretch of the
reservoir. Apart from vertical plankton hauls, horizontal
hauls were also taken from different zones of threce sectors
for gualitative analysis. Depthwisce collection for
plankton were also made using Van Dorn sampler-(Figs.T7, 9 & 10).



3¢7 Bottom biota

Bottom biota samples were collected at 0, 2, 4,
6, 8, 10, 15, 20, 30, 40 and 50 m depths from the three
sectors of the reservoir. Each sample constituted a minimum
oi three hauls taken rendomly.(Figs. 11 & 12).

3.8 ZPeriphyton

Periphyton samples were collected every month
from one sector only covering both the banks and thus the
three sectors werec sampled in three months. At least three
samples, cach of 1 sq cm, were picked up from trce trunks and
boulders submerged in water and preserved separately in 2%
formaline In the laboratory, the periphytic forms were
gently detached from the substratum through mild scrapping.
The volume was noted after centrifuging. The sample was
then transferred to a beaker containing a little water and
its wolume made up to 100 ml by adding water. A samplc of
1 ml was then taken in a Sedgwick=Rafter plankton counting
cell and examined., Based on the number of foxrms counted in
10 squarcs, the number per s%uare was determined and the
total number per sq cnm (u/cm ) calculated by the following
formulsg :

ax -1 x 1000

number of forms/square

Total numbers/sg cm

where a
1

The volume (ml/cmz) was cstinmated directly from the wvolume
after scdimentation.

volume (ml) after sedimentation

3¢9 Observations on breeding

The eggs, larvae and fry, available only in the
Lotic scctor of the reservoir, were collected during monsoon
months (July and August) by operating 3=5 Midnapore spawn
collection nets of 3.125 mm mesh.! The spawn was recarcd (Fig;ﬁ
in the field till identifiable stazc. The day-to=day collec=
tion of spawn was also examined microscopically for qualitye.
Within 15=20 days of breeding, fish fry were also available
in the shallow marginal pockets of the rescrvoir which were
collected by a Jaunpur drag net. The collections of fry
sc made were analysed qualitatively and the species compo=-
sition compared with that ascertained from rearing of eggs
and larvacs



3«10 Estimgtion of fish yield

The commercial catch of Rihand reservoir brought
from different fishing sites is landed only at one centre
known as Kuldumri situated along the northern bank of the
reservoir in the Intermediate sector. The data on fish catch,
species composition (by weight and number) and fishing effort
(number of nets, boats and men), maintained- by the staff
of State Fisheries Department posted at the landing centre(Fig.14),
were collected by visiting the landing centre twice a week
during the period of commercial fishing. The visit[glso Zwas
used for collection of fish specimens end other data for
biological studics. ;

The yield/ha/annum of the reservoir was calculated
by dividing the total yearly yield in kg by the average water
arca. (30,148 ha) of the reservoir.

3«11 Fish faunag and trash fishes

Besides collecting the specimens from commercial
catch for faunistic study, spawn and fry collecctions made in
the Lotic sector during the monsocon months were also utilized.
Samples were also collected by operating a fry net in shallow
narginal pockets of the reservoir in Intermediate sector.

3.12 Commercial gcoar

During November 1973 to March 1974, spot samp-
ling of commercisally operated gill nets was undertaken every
month to collect the data on net=wise catech and length and
girth of fish in relation to the mesh bar.

313 Experimental fishing

Project work on experimental fishing included
operation of surface gill nets with mesh bars ranging from
20 to 150 mm. About 18 pieces of such gill nets were fabricated
by putting 70 m of webbing on 35 m of head rope (50% henging
coefficiont). These pieces were ticd together separately
in five sets in increcasing order of the mesh bar./Thus-
cach sct was a multi-meshed nct with the followidg

distribution :
o



i

Code no. of Distribution of No«. of pieces
set mesh bars
(mam)
A 20! 25, 30 and 35 4
B 40, 45, 50 and 55 4
C 60! 65: TO and T5 4
D 80, 85 and 90 3
I 130, 140 and 150 o 1
18

The above gill nets were planned to be operated for 4 daoys
in each of the threce sectors totalling to 12 days/month
in the entire stretch of the reservoir,(pig,15),

Data on experimental fishing conducted by the
State Fisheries Department from October 1973 to February
1974, using on an average 25=30 surface gill nets per day
of different types and mesh bars ranging from 50 to 180 mmnm,
were also collected..

3.14 Eishexy biology

Studies on the food composition of major
carps and trash fishes and the maturity and fecundity of
najor caorps were undertaken. The age and growth of
Ce catlag and catla=rohu hybrid were studied by the examina-
tion of scales.

3415 . Mctcorological and reservoir data

Mecteorological data on rainfall and wind specd,
and, the data on water level, water capacity, 1nflow/oﬁtflow
of water and evaporation loss in the reservoir were collected
from the Irrigation Department of Uttar Pradesh at Rihand
Dame The maxinum and ninimum air temperatures were noted

cveryday in the laboratory.

4 METEOROLOGLCAL OBSERVATIONS

4.1 Air temperature _.

Monthly average maximum and minimum air
temperature were recorded from April 1973 to March 1978.
(Table I). While the five yearly average maxinum tempera—
ture ranged from 26.7°C (January) to 45.8°C (Junc), minimum
toemperature fluctuated between 6.3°C (January) to 25.600(May).
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TABLE 1

MAXIMUM AND MINIMUM AIR TEMPERATURE (°C) AT RIHAND
RESERVOIR (1972-73 to 1977-78) )

Months 1972-73 1973-74 197475 1975-76 1976-7TT" 1977-78 Aver age
Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
April 3T.55 2563 4552 Z150. T8I .5 2P0 43,8 22.0 4258 19,2 43,0 2250 41,9121 .9
May 46,5 25,0 47,0 270 46,027.5 45,2 27,0 44,8 25.0 44.5 22.0: 456 25.6
June 48.5 26.8 46.0 26.0 44,0 26.0 47.5 22.5 43,5 24,0 45,5 24.5 45.8 25.5
July A140 280 .. 82,5 24,0 "ITI0 228 37.5023.0" 4240 24.:0, 38.5 23.0 "39.7 .23.6

August 43¢5 23.5 4740 2445 37.5 24,00 39./0'22.0 36,5 24.0 37.0 24.0 397 23.7
September 36.8 19,0 35.5 23.5 40.0 23.5 36.5 24.2 35,5 22,7 35.0 22.5 36.5 22.6
October 35.0 16,5 34,0 17.0 37.0 17.0 35.5 16.5 35,3 18.0 34,0 17.5 35.1 17.1
November 30:5 12.:5 335 11.0 300 12.5 3145 95 32,8 125 . .33.0 14,5 ' 31.9.12.1
Decembor 265 11.5 2640 5.5 26,5 T.5 26.0° 840 27.0% 745 2B8.0 8.0 .26.7| 8.0
January 3140 6.5 2840 1648 2550 T80 127.5 645 2BJD 6.0 127.5 1640 27.8! 6.3
February 3540 - §.8 34,0 6.0 31.5 8.0 32,0100 325 8.5 29,80 7.0 32.3 8.0
March 8108 12,3 38.5 14..8 38,5 16,5 '37.4 14,0 400 14.0 34,5 13.5 38.3 14.0

Range 26.5"' 6&5_ 26.{}"“ 5.0- 25.0— TID_ 26.0"‘ 6.5- 2?‘0"‘ 6.5- 2?.5- 6.0"' 26.7"' 6.3_
485 26,8 4¥.0 2738 86,0 275 47.5.27.0 8444 25.0 45,5 245 45.8 25,6




4.2 _Rainfall

The rainfall around Rihand is caused by South=-
West monscon onlye. The total yearly rainfall during 1972=T73
to 1977=78 ranged from 107.45 to 260.91 cm (Table II).
On an average, 86% of precipitation was recorded between
July and September. The precipitation was normglly high in
July=August except in 1973=74 '—en it was the poorest in
July. Though the rainfall was Llow in 1976=T77 (95.60 cm),
the precipitation was high in July-August.

4.3 Wind wvelocity

The avérége-wind velocity (km/hr) during

1972=73 to 1976=T77 ranged from 1.06 km/hr (1972=73) to 1.98 "+ =
km/hr (1975=76). As seen from the monthly trend of wind
veloecity, it progressively increcased from January (0.67 km/hr)
to May (1.74 km/hr), remgined highest in June-July_(2.69-2.70
km/hr), moderate in August-Scptember (2.43=2.50 km/hr) and
gradually decreased from October to attain its minimun
intensity in December (0.46 km/hr).

5 PHYSICAL FEATURES OF RIHAND RESERVOIR

5.1 Water level

Monthly average reservoir water level during
1972=T3 to 1977=T8 is given in Table III. The yearly average
water level ranged from 248.22 m (1974=75) to 258.43 m
51976—77;. The water level which decreased from 257.3%36 nm

1972=73) to 248.22 m (1974=75), incrcascd to 258.43 m (1976-TT7)
and again dropped to 256.02 nm (1977—78).

562 Inflow of water

Monthly monsoon inflow recorded during 1972-73
to 1977=78 is shown in Table IV. The yearly inflow of water
varied from 2.650 m.a.ft. (1974~75) to 7.232 m.a.ft. (1977-78).
Going by the direct impact of rainfall, the inflow was obvious=-
ly high during monsoon months (July to September). However,
the inflow did not bear any relationship with the rainfall
recorded at Rihand. The poor inflow of 1974=T75 (2.650 mea.ft.)
was the lowest record in 14 years after the formation of the
reservoir.

53 Water capacity

The monthly .average water capacity of the reservoir
indicated direct relation with the average water level.
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TABEE 11

RAINFALL (cm) AT RIHAND RESERVOIR .(1972-73 TO 1977-78)

Months 1972-73 1973-74 1974-75 1975-76 1976-77 1977-78
April - - 4,50 - 5.28 -
May - 0.05 - - 1.66 -
June 0.96 6.20 6.47 18l 3,93 36.00
July 42,59 2017 40,00 Bt f 49 .49 1613
August 64,90 30.15 32.76 74 .02 15.03 51 .02
September 15483 414,70 49 ,40 14.79 20.21 62.98
October 6.24 8 .98 1«16 2.25 - 44,42
November 4,20 0.20 3.36 - - 116
December 0.10 - 0.10 - - 1.62
January 0.22 - 1446 0.42 - 5.06
February 2334 - - - - 16.56

March - - 1.68 - - 5,96

Total 137 .38 107 «45 140.89 153.36 95.60 260,91
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TABLE III

WATER LEVEL (m) OF RIHAND RESERVOIR (1972-73 TO 1977-78)

Months 1972-73 1973-74 1974-75 1975=76 1976~-77 1977-78

April 259.23 249.38  246.61 244,23 262,08 24541
May 257 .06 246 .92 245.T6 243.14 260.34 243.76
June 254,70 244.T4 242.51 242,04 25B.78 - 242.90
July 2888t  243.20 247 .04  246.91 257..76 251 .02
August 258,06 244543 2 25%.39 2 256.62 260,93 28803

September 262.00 250.03 253.05 265 .88 20325 263.56
October 262,57 253.70 252 .21 267 .26 262 .25 264 435
November 260.46 253 .82 251 .26 267 .56 259 .99 263.34
December 258 .38 25219 289 .76 266.82 258 .42 261 .91
January 256.00 249,47 247.13 265,76 256,59 259 .84
February 252 .96 247 .50 245,07 264 453 252 .86 258 .29

March 251 .67 247 .06 244 .80 263 .22 249 .00 257 .48

Average 257 «36 248 .54 248 .22 257 .83 258.43 256,02




N

TABLE 1V

WATER INFLOW (m.a.ft) IN RIHAND RESERVOIR
(1972=73 TO 1977-78)

Months 1972-73 1973-74 1974-75 1975-76 1976-77 1977-78
April - - - 0.026 1.088 -
May - - - 0.009 0.053 -
June - 0.075 - 0.134 0.085 0.543
July 1.396 0.390 1 .086 1..343 1 .029 2 .655
August 2.226 1102 1 .041 3.674 1 .469 2+271
September 0,983 1..589 0.223 1.020 0.743 0.983
October 0.046 0.680 0.103 Ue3hd 0.312 0.320
November 0.035 0.091 0.067 G.072 8+033 0,152
December 0.048 0.085 0.028 0.050 - 0.093
January - 0.030 0.054 0.047 - 0.022
February - 0.014 0.011 - - 0,108
March - 0.014 0.037 0.043 - 0.085

Total 4.734 4,070 2.650 6.931 4 .812 74232
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The yearly average water capacity recorded for the period
1972=T3 to 1977-T78 «varied from 3.05 m.a.ft. (1974=75)
t0 5.53 mea.ft. (1975=76). »

Data on rainfall, inflow, water level and water capa-
city (Fig.16)clearly showed that the low reservoir level in
1973=T4 and 1974=T75 was the result of poor monsoon inflow
of the corresponding years. s

5¢4 QOutflow of water

The reservoir never atitained its full level during
the 8=ycar period from 1972~T73 to 1980-~81, and the water was
discharged through penstocks only. The outflow was regulated
according to the requirement of water for power generation.
The quantum of water outflow during 1972=T73 to 1977=T78 was
a2s below : :

Yecaxr _ OQutflow of waterxr (cusecsl y
1972=T73 6Ty44y554463
1973=T4 58409, 555457
1974=T5 29,T78,578.66
1975=T6 25,50,217.00
1976=T7 ‘ T3491,124.00

55 Evaporation

1

The loss of water through evaporation, as secen from
the monthly averages of five yearsl(1972-73 to 1976=T7),
progressively increcased from January (0.016 meaeft.) to
Lugust=September (0.054 m.a.ft.) and decreased from October
(0.026 mea.ft.) to Dececmber (0.010 m.a.ft.)*

6 PHYSICO-CHEMICAL FEATURES OF SOIL

Data on sectoral soil composition during pre-monsoon
and post-monsocon months are giver in Table V.. Going by the
values it is obvious that organic carbon (0.08361.133%) is
medium while awvailsble nitrogén,(15.5—30.5 mg/1OO g) and availabl
phosphorus (4.1*2-3.mg[jﬂo;g) are pPOOY.

Organic ‘carbon, available phosphorus, available nitro=
gen and CaCO., were high during post-monsoon months. The
increase in %heir velucs was duec to the washings from the
cultivated catchment arca brought in by the inflowing river
water. While sand and silt decrecased during post-monsoon



SECTORAL PHYSICO~CHEMICAL COMPOSITION OF BASIN
SOIL OF RIHAND RESERVOIR (1974-~76)

TABLE V

CaCO% Sand Silt Clay Avail-

Sector pH Avail~ Organic
(%) (%) (%) (%) able able Carbon
P05 (ﬁg/ (%)
(mg/
100&) 100g)
Pre-monsoon 1
Lentic 6.6"‘7.0 Oa87 31 'T 19!5 48-7 2-3 23.1 0|609
Intermediate 6.0=6e4 0.45 412 14.0 447 243 271 0709
Lotic 6.5 088 28,0 F2.0 ~ 400 ' T«.5 25.9 0.826
Average O 5 Dt 2 TR AN .S 25.9 0.714
Post-monsoon 1974
Lentic 7.5-8.0 3.62 14.5 10.4 75-0 1-1 1797 1-043
Intermediate 702"'8-0 4.83 16.8 10&9 ?2.2 2:0 26.6 0.774
Lotic : T«0 2,251 A6 a2 14535 6.4 1T 2449 0.930
.&verage 4-37 15-8 1109 72-2 1-8 24-9 0.842
Pre-monsoon 1975
Lentic Tel=B .5 3507 3080 22.3 47«6 1.1 18.4 0.750
Intermediate 6.8"8-0 2.33 36.7 1706 45.5 1 -1 :’6.8 00688
Lotic T 2aithe T52%s  SAacqy HamEs. o 15.5 0.593%
Average : 2,56 3F41 2143 458 gt 22T 0.618
Post-monsoon 1975
Lentic ba5 245 107 35050 5942 240 25.9 T 155
Intermediate GaB=7%0, 2532 17e8 1846 65.6 9.8 A0 0.908
I:O‘tic 7.5 2.75 15'4 29.3 55.2 2.0 30.5 0.885
Average 2050  Adet 259 BEY5E 19 Z8e9 0.969
Pre~monsoon 1976
Lentic Tia@e=lla 3 B8 19«2 212 55 1.2 1546 0083
Intermediate [CaBn Tl 2:46 18«5 18:2 652 Ta3 240 0.097
Lotic T+0 P22 9R2 5922 4l b 201 0.102
Lverage 2,67 19.0 26,2 Sh,T7 LB 20,4 0.095




15

content
monthsr-the-alaa[incroased considerably after rains
due to its slow settling characteristics. The overall
pexrcentage of clay was quite high in the-reservoir.

T PHYSICO-CHEMICAL FEATURES OF WATER

Tel Surface water

Tele1 BSeasonal and _sectoral veariations

S Water temperature varied in the“range of 19.9-
31 +1 C and water transparency 1.8-28.5 cm, the latter boing—
the lowest during monsoon and highest during summer. Water
was nmore turbid in the Lotic sector during summer and
monsoon and in the Lentic and Intermediate sectors during
the winters. The overall transparency was guite low (averaggh
14 .58 cm) and the reservoir remained turbid during most of S
the months of the year due to a high percentage of clay.

pH varicd from T.0=-8.8 (average 7-9), being low during
the monsoons duc to inflowing water carrying a- high amount
of carbon dioxide. - Disscolved oxygen ranged from 2.8=10.2 ppm
—(average 7.54'ppm) and its saturation ranged from TT7.4 =
107«5%« Oxygen saturation was always over 50% and at no time
it was less than 3 mg/l. Dissolved oxygen._was low-from-
June to October largely due to the inflowing waterx poor in
oxygen. Free CO, varied from 3.5 to 34.0 ppme. High wvalues
of 002 were observed during July—October.

Total alkalinity renged from 28.0 to 60.0 ppm (average

“43..8T7 ppm) and was available in the Form of bicarbonates
only, carbonates being absent in thé presence of frece CO,.
Bicarbonate value was high in summer due to cvaporation and
low in monsoon owing to the effect of dilution. Total
hardness varied from 8.4 to 21.6 ppm (avorage 157 ppm) and
followed the trend of bicarbonates. Cat+ wvaried in the range
of 6e2=14.8 ppr while Mght from 1.08=5.24 ppme These cations
also followed the trend of bicarbonates. POg~P ranged from
traces=0.65 ppn (average 0.079 ppm) while NO3=N from 0.15-
0,70 ppm (average 0.383.ppm) and NHA-N from traces=1.45 ppm
(average 0.296 ppm). 8Si02 ranged from 1.6 to 14.0 ppm,

the maximum content of silicate, in August was direcctly asso-~
ciated with monsoon floods and- turbidity. .Chlorides varied
from 6.0 to 20.0 ppm and the dissolved organic matter varied
in the range of 1.6 '= 20,0 ppm. Specific conductivity varied
in the range of 50.61=138.50 x 10™° mhos (avérage 92.24 micro=
mhos), being the maximum in Lipril. The overall specific
conductivity was high during summer and premonsoon (March

to July) but low during post=monsocon and winter months.
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Lotic sector showed higher wvalues of bicarbonates,
iron, organic matter and phosphate. Calcium, magnesium,
nitrate and specific conductivity were high in the Lentic
sector. The chemical features of various sectors pemd to
indicate the relative richness of Lotic sector Table VI) .
The nutrient status of the reservoir watcr was high during
summey, particularly in March.

It is thus seen that reservoir water quality is good in
respect of PO ,~P and favourable in respect of NO_ =N, while
total alkalinity, total hardness and specific conductivity
arc below average.

Tela2 Diurnal variations in Lotic sector

. Diurnal variations of physico-chemical conditions
of water in the Lotic sector did not show any remarkable
six hourly variation during September, December, March and
Junece.

T2 Subsurface water

Te241 Thermal stratification

Subsurface sampling for water temperature gave
oni indication of thermocline in the Lentic sector'(Fig.!ﬂ).
With the onset of summer (March-ﬁpril), the wvalues of water
temperature started declining from surface to bottom. By
May=Jdune, thermal stratification was well defined. The
difference between surface and bottom temperature was of
the order of 10°C in May 1975, 8.5°C in May 1976 and 9.5°C
in May 1977. However, thermal stratification was short=
lived and soon broken by the influx of flood water in
July=August. No such stratification was obsecrved during
winters when temperature differences were 044°C only.

Te2¢1e1 Depth of thermocline in relation
to water level

The depth characteristics of thermocline wexre
found to have a correlation with water level of the corr—
esponding yeare. While in May 1975, the thermocline was
superficial (5—7 m) when the reservoir level was low
(242.64 m), in May 1976 it was observed at 11-13 m when
the reservoir level was high (260.34 mg. Again in May
1977, with a low water level (243.76 m), the depth of th-
ermocline was supcrficial (9=11 mn).
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TABLE VI
SECTORAL PHYSICO-CHEMICAL CHARACTERISTICS OF WATER OF RIHAND

RESERVOIR (1975-76 TO 1977-78)

Characteristics Lentic Intermediate Lotic
Water transpareqqy(cm)‘/ 10.5 - 28.5 5.5 = 2645 1.8 = 25.0
Water temperature (9C)7 19.9 = 31.1 21.5 = 31.0 20.5 - 30.5
pH o : Tabume Ba? _Ta0 » 843 7.0 = 8.8
Dissolved O, (ppm)< Bel~ 'Bigsiunlasod gun D48 = 404D
Free €O, (ppm) S e BB Db o BARE 2.0 = 2840
HC O (ppm) 30.0 = 43,0 24.0 - 48.0 28,0 - 60.0
NH,~N (ppm) Traces = 1.45Traces= 1.40 0.08= 1.20
NOz~N (ppm) Oeld~ 0,60 0ath~. 042 ~ 0s25~ 0:70
PO4fP (DEEl_ Traces = O 25Traces- qlﬁs Traces= 0:20
Ca*tt(ppm) 8.7 = 1435 6wz 1546 6.8 = 14.8
Mg++(ppm) _ 1,08~ 5.24 1.35= 3.72 1.95- 4.78
Silicate (ppm) Dol A0 | 40 = 400 166 = 1450
Fettt (ppm) 0.018 =0,096 70.012-0.,084 Traces- 0,18
Chloride (ppm) 840 - 20,0 7.0 = 15.0 6.0 = 16,0
Total hardness (ppm) Jlebim 1946 Bolhim: §8a1i0- AT ol 0126
Dissolved organic 16 = 9.8 2.0 = 6.4 106 = 20,0

matter (ppm

O2 saturation (%)

(mlcro—mhos/cm)

58 36 112.76 59449-112.56
Specific conductivity //’50 61 ~138. 50 59.75=1264.32

37e58=130.61

59.75=131,58
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Te242 Chemical stratification

The depthwise analysis of Lentic water in
respect of dissolved 0, free C0O2, HCOs, pH and specific
conductivity also gave an indication of weak chemical stra-
tification in Rihand reservoir. While dissolved 02, pH,
HCO3 end specific conductivity decrecased from surface to bottom,
free CO2 showed a reversible trend. This variation, although
apparent 'in April and May, was very significant in June
(Table VII) when pH (S-8.0, B=T79), dissolved oxygen (S¢8.3,
B&5.1 ppm), HCO3 (S—44QQ, B=34+0 ppm) and specific conductivity
(8=139.97, B=108.14 micro-mhos)showed declining valucs
excepting free COp (8-8.0, B=16.0 ppm) which followed an in-
creasing trend. Depthwisc analysis of water revealed nore orxr
less uniform values from surface to bottom in December and
January showing an absence of biogenic chemical stratification
during winter months.

Despite the presence of a strong thermal stratification
in Rihand reservoir, there was only a slight decline in oxygen
from surface to bottom with always enough oxygen in the lower
depths (3;4 ppm and above) showing poor availability of
biotas. The decomposition processes at the bottom were also
not rapid i.e. the tropholytic activities were of a low
orderes This can also be confirmed from pH of water which did
not show much variation in tropholytic regions. Due to the
presence of free carbon dioxide round the year and non=-
availability of carbonate at the bottom, the bicarbonate and
specific conductivity do not show any increase in the tropho=-
lytic region. But in the upper layecrs the process of evapo=
ration causes an increase in these parameters. The presence
of strong thermal stratification does not gllow the two
layers to mix and the depth profile show decreasing trend
from surface to bottom. All thesc observations tend to show
a low productive character of the reservoir.

While the cxistence of chemocline, more strikingly
oxygen stratification ,was prolonged and extended upto October
in 1974, the duration of stratification was very short in
subsequent years (1975 to 1977) lasting only upto July
(Table VIII). Correlating the yearly monscon inflow with the
duration of chemocline it has been obsecrved that the stratifi=-
cation could persist upto October in 1974 due to poor monsoon

* 8 = Surfacc; B - Bottonm
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TABLE VII

PHYSICO=-CHEMICAL FEATURES OF SUB-~SURFACE WATER IN LENTIC SECTOR
OF RIHAND RESERVOIR

D?pfh Jd anuary 1977 Jure 1977
m
Water DO HCO=z Speci-~ |Water pH DO CO, HCO Specific
temp- pH lppm)(ppm)(ppm? fic temp- (ppm) (ppm) (ppm? conducti~
eratr condu~ |erature vity
ure ctivity (Oc) (micro-
(OC) (micro=- | mohs)
mhos)
S 200011 850 T+6 8.0 38Bs0 6559 308 8.0 Be3 B840 4440 139.97
1 20.0 7.8 Te6 8B40 38,0 T1.51 30 «8 8.0 8.3 8.0 44.0 15997
4 20.0 7.8 Teb Be0 360 69499 305, Ba 8.3 8.0 4440 139497
T 200  TeB Teb6 8.0 3640 69499 2847 8.0 Te8 10.0. 4440 124413
10 20.0 T8 Te6b 8.0 3640 69499 26.5 8.0 TeO 100 42.0 12183
13 20.0 T.8 Teb 8B40 36,0 69,99 24.9 Te9 TeO 100 40,0 117.48
16 19.5 T8 Te6 BeQ 360 TOT4 23.2 8.0 6¢d 100 4060 124.13
19 19.51 T8 Te6 840 36.0 151 22,0 8.0 6.4 12.0 38.0 109.64
22 19.5 T.8 Ted 9.0 36.0 69.99 21.5 8.0 6.4 12.0 38,0 106.14
25 19.5 7.8 7-4- 9.0 36-0 71.51 21&5 8.0 5-8 12450 36.0 106-14-
28 1 9Bt el Ted 9.0 360 67482 21 +5 2.0 64 15:0° 5660 10614
21 1965  Tab Tl 9.0 56.0 6Te13 215 8.0 Gl 0 5640 106.14
34 195 T.8 Ted 940 35.0 65.79 21.5 8.0 58 14.0. 3640 10614
5 § T9SET T8 Ted 940 35,0 65479 21 «2 Tag 548 15.0: 36,0 106.14
40 1985 T8 Ted 9.0 35.0 6579 27 2 Te9 H«B 150" 3540 106.14
43 21,2 Ts9 541 16.0 3440 10614
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TABTE VIIL

CHEMICAL STRATIFICATION IN RIHAND RESERVOIR (1974-77)
IN RELATION TO MONSOON INFLOW

YEAR 1974 1975 1976 1977

Inflow

(m.a.ft.) 2,61 6.89 4,90 T4 02

Parameters October July October July October May October

S B S B S B S B S B S B S B

Dissolved 7.‘4 3-4 6.2 d“roo 6!4’ 5!8 6t8 &.8 608 5.4’ 8l§ _[_’u-am 8-2 6.8

oxygen(p‘pm) : .

Pree carbori= 5,5 940 92830 5650 53560 3140 B.0 1250 Teb 11:5 S0 16,0 50 Tl

dioxide(ppm) : .

.DH 8.0 7.0 8.O 708 7-6 6.7 7'8 7-4 707 7-3 800 7.9 8-0 8.0

Bicarbonate 33.5 37.0 43!0 3800 39.0 21 .O 40.0 38.0 35.0 30-0 44-0 34.0 34—.0 30.0
(pom) : . . . . _ ;

Specific 84.', 92l2 11715 10709 74.8 41 .1 95.3 84—-0 84.7 68.8 140-0 106.1 72.2 50.6

conductivity
(micro—mhos/
cm -
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inflow (2.61 mea.ft.) in that yecar. As the magnitude of
monscon inflow was high (4.90 to T+02 m.a.ft.) in the years
1975 to 1977, it caused sufficient turbulence and early
disturbance of stratification in July. It is concluded
from these observations that in Rihand reservoir the dura=-
tion of chemocline depends on the magnitude of monsoon
inflows and moreover the rescrvoir exhibits both convection
current (in the year of poor inflow) and inflow turbulence
effect (in the year of higher inflow).

3 PRIMARY PRODUCTION

The gross primary production (mgC/mQ/day) varied in
the range 37.17=750.00 in 1973=74, nil = 825.00 in 1974=T5
and nil = 1022.72 in 1975=76. The net primary production
(mgC/m2/12 hrs) varied in the range 22.54 = 541.67 in 1973=T4,
nil = 416.60 in 1974-75 and nil - 475,00 in 1975=76. Monthly
variation in the rate of carbon procduction in different
gectors are shown in Table IX. The overall average for gross
production was 387.04 and net production 161.44. The net
primary production for 24 hrs (allowing for night respiration
@ 0.5 respiratory coefficicnt) is 80.72. The primary produc=
tion, estimated separately for the three sectors of the
reservoir,showed scasonal and sectoral variagtion which fairly
agreed with the trend of planktonic abundance. The net pro-
duction was highest in the littoral zone due to a higher
concentration of Microcystis ; the most dominant plankton of
the ccosystem,while it was the lowest in the profundal zone.
In the depth profile the net production was highest in sur-
face water owing to the presence of Microcystis. The peak
values of net production were found to coincide with plankton
pulses of summer and winter. The negative production as
observed sometimes is attributed to high turbidity of water
which reduced the photosynthetic rate and also due to
aobuniance of- zcoplankton.

Primary production was initially very high in 1972=T73
due to the presence of Microcystis bloom but was low from
1973=74 to 1975=76 in its absence. The production increasecd
in 1976.77 with the recurrence of Microcystis bloom and
slightly dropped again in 1977-T78 for want of a denser bloom.
These observations tend to show that the primary production
of Rihand reservoir is entirely governed by Microcystis
abundance.
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TABEE 1X

MONTHLY VARIATION IN THE RATE OF CARBON PRODUCTION
(mg C/m3/day) IN DIFFERENT SECTORS
OF RIHAND RESERVOIR

Months Gross production Net production
Lentic ;ggs;;e Lotic {Lentic ;ZZEZ;B Lotic
January 139.52 278,47 454 49 62,50 E36..25 255,68
February 09,36 ° 346,38 420.42 7134 .85 108419 1.30.68
March 398,49 494,79 223,19 173L3bTET 51 T 164 400
April 1786.06 580.87 562550 1.325%95 406,25 187.50C
May G353 521561 562.50 500.00 329 .83 18¥ .50
June 32B.d6n 221,64 10l 8601 42,006 124 512 63521
July 250,19 313.19 62.50 108.81 143 515 Nil
August 140,15 842,32 R O ] 52.08 518.24 Nil
September 230,40 197.33 JE4EET 196552 12771 T .81
October 404458 - 370,34 250.00 245,68 261 77 125,00
lovember 280518 224,88 409 .09 55.50 112442 2F2413
llccembex 145583 ~135.42 347 .69 Nil 62.50 390.85
“Average A5T+54. "3FT 27 32355 2995716 206,68 148 .74
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9 PLANKTON

9.1 Yertical haul

9.1.1 Annual, seasonal and sectoral
distribution

There was an overall dominance of phytoplankton
in the reservoir of which Myxophyceae, represented mainly
by Microcystis, was the most important. Other forms
belonging to Chlorophyceae, Bacillariophyceae and Dino=
rhyceae occurred occasionally. Zooplankton was primarily
represented by Cyclops and Digptomus among copepods; Daph-
nig, Ceriodaphnia, Moinodaphnia, Diaphanosoma, Chydorus,
lacrothrix, Sida, Bosming and Leptodors among cladocerans;
Brachionus, Filinia, Polyarthra, Trichocerca and Keratella
among rotifers; and, Difflugis among protozoans. '

The average annual plankton concentration ranged
from 1.92 ml1/m2 (1973=74) to 7.31 ml/m2 (1976=77) the
_cancentration in general being higher in the Lotic sector
followed by the Intermediate ?Table X)+ Ceratium formed a
bloom in the Intermediate sector in February 1973=T4 and
1974~75 whileit appeared in abundance in March 1975-76.
lilicrocystis blcoms appeared in the Lentic sector in 1976=T77
and in the Intermediate sector in 1977=78.

TABLE X

Plankton abundance in Rihand reservoir
(1972=73 to 1977-78)

SECTORS
Years Lentic Intermediate Lotic Average

mo 2 VOlum 1?2 ) Vol . IE. Vol
(units/m ) (ml/mz) (unlts/m ) (ml/m ) (unlts/ (ml/ (un- (ml;

m?2 m 1ts/ m2

e

1972=73 58,607 L e el 11,419 2.03 54,464 5,18 41,496 3.08
1974=75 32,336 2.56 Ty 732 2.86 339835 2,76 14,484 2.73
1975=T76 8,800 2.45 24,643 4418 23,349 4443 18,930 3.68
19T76=TT7 10,415 9.67 33,810 8.06 11,276 4.19 38,500 Te31

1977=78 3,839 1.54 62,735 10,16 25,484 5,74 30,686 5.81
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Plankton showed two peaks in a year = summer and a
winter pulse. The summer pulse (April to June) was observed
in the Lentic and Intermediate sectors and was mainly domi=-
nated by phyto-plankton particularly Microcystis while the
winter pulse (October to December) was observed in Lotic
sector domingted by zooplankton. The biomass was always
richer in the littoral zone followed by sublittoral gnd
profundal zones. Poor planktonic abundance in the Lotic
sector during summer and monsoon months and in the Lentic
and Intermediate sectors during winter months was due to
high turbidity.

An interesting feature in the distribution of
“plankton in the three sectors was that zooplankton progre=-
ssively increased from Lentic to Lotic while phytoplankton
gradually declined. Due to the discharge of the effluents
of Kanoria Chemicals, the chloride contents were invarisbly
high in Lentic sector but low in the Lotic sector on
account of dilution by inflowing river water. Probably
chlorinity determines the longitudinal distribution of zoo=-
plankton which have a higher concentration in the Lotic
sector having a low chloride content.

It was slso observed that plankton abundance on
the north bank (Dam site, Kuldumri and Balleyari centres)
was always higher than the south bank (Barai Dand, Bdichhia
and Pipra centres), probably due to favourable topography
and high irregularity of the shore line.

9,12 Plankton abundance in relation to
monsoon inflow

Plankton production in the reservoir was found
to be regulated by the monsoon inflow. The plankton was poor in
1973=T4 and 1974-75 due to reduced monsoon inflow but the
biomass improved in 1975=76 with greater monsoon inflow.
when increased abundance of free carbondioxide resulted in
greater concentration of HCO3 which worked as an additive
factor to boost the plankton populatione.

9.2 Horizontal haul

Qualitative analysis of samples collected
during the horizontal hauls indicated that though phytoplank-
ton as a group was more abundant guantitatively as seen
through vertical haul, it was qualitatively less abundant
as compared to zooplankton (Table XI).
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TABLE XI

(1971-72 TO 1973-74)

QUALITATIVE DISTRIBUTION OF PLANKTON IN RIHAND RESERVOIR

LENTIC INTERMEDIATE LoTrc
‘- .;f- ZDDplank-
Phytgplanktgn Zunplankton Phytoplankton ZDUplanktnn Phytoplanktun ton
Microcystis, Echops,Diaptomus: MiCrD?VStiS, Cyclops, Microecystis, Cvelo o
Melosira, Daphnia,Ceriodaphnia, Melosira, Diaptomus, Mejogira, 5%E_¥Emus,
Leratium, Moinodaphnia, _H%EEEiiHﬁ’ Diaphanosoma, Denticuls, Chydorus,
Astinastrum, EFVtorus,Simmcephalus,1LlVD¥, Daphnia, <" Spirogyrs, EE%EEEE:
oelastrum, Kerstella,Brachionus [Eudorina, Ceriodaphonia, Synedra, nia,

Eudorina,

gynsdra,

. Botryococcus,

.lnthrix anu
nabaena

Filipnia,Difflugia,
Bosmina, Eubranchipus,
Gastropus, Ceratium,
3ida,Trichocerca,
Diaphenosoma,
Acroperus, Alonella
and Macrothrix

Chlorella,
fragilaria,

Chydorus,

Macrothrix,

Chroococcus,
Actinastrum,

Keratella,
Filinia,

Coelastrum,
Ulothtix,
Aphanocapsa,
Pleurococcus,

Trichocerca,
Brachionus,
Difflugia,
Bosmina, Sida,

Botryococcus,
Fragilaria,
Gvrosigma,

Ceratium,
Pediastrum,
Actinastrum,

Closterium,

Volvox and

Anzbaena and
Spirogyra

Acroperus,
Moinodaphnia,
Polyphemus,
Lecane,
Ceratium,
Leptodora,
Gastropus and
Polyarthra

Chlorella

Brachionus,
Ceratium,
Difflugis,

Trichocggca,
Diaphanc~
scma,
Keratella,
Filinia,
Daphnia,

Acroperus,
Polyarthra,

Bosmina,
Macrothrix
and

Moino

.daphnia




26

19«3 Subsurface plenkton

During 1974=75, sub=surface sampling ¢
in three sectors covering a depth upto 42 m showed that
plankton was available throughout the depth but the popula=
tion decreased progressively from surface to bottoms The
dittoral zone had the richest plankton concentration.

10 BOTTOM BIOTA

10«1 Distribution and sectoral variation

The overall benthic population (32=-70 units/m?)
of the reservoir was very poor (Table XII). The group was
mainly represented by dipteran larvae like Chaoborus and
Chironomus, caddiswornms Trichoptera), mayfly nymphs (Ephe-
meropteraj, dragon=-fly nymphs (Odonata), oligochactes
and sometimes bivalve shells of Coxrbiculae. The concentration
of oligochaetes was greater in the Lotic sector on account
of clayey bed and was particularly high in May and again from
November to February when this sector was stagnant in the
absence of inflowing head water. During monsoon, when the
Lotic sector turned turbulent its benthic population was
reduced but the population of dipteran larvae increased in
Intermediate and Lentic sectors.

P XII

Sectoral distribution of bottom biota (units/mz)
in Rihand reservoir (1971=72 to 1976=T7)

Year Maximum Lentic Intermediate Lotic Average

depth upto

which samples

taken

(m)

1971=T72 10 6 18 186 70
1972=-73 10 60 66 38 55
1973=T74 25 22 25 94 ' 47
1974=T75 45 20 16 180 64
1975=T6 45 18 18 119 52
1976=T7 45 34 31 31 32
Average 27 29 104 53

The owverall benthic population in Intermediate and Lentic
sectors was poor owing to their gravelly and rocky nature.
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11 PERIPHYTON

The periphyton also indicated two pulses, one in
summer (March=-May) and the other in winter (October-December).
There was no periphyton during June=July due to turbulence
caused by the inflowing monsoon water in the reservoir.
Periphyton set again when the reservoir was calm during
post-monsoon months. The overall concentration was more
in the Lotic sector and the forms mainly represented were
Oscillatoria, Fragilaria, Gyrosigma and Navicula. Periphy=—
ton growth was poor in 1974=T75 (530 u/cm§§ but imprbved in
1975=-76 (1285 u/cm?) and 1976=77 (1325 u/cm2) and the trend
agreed with that of plankton(Table XIII).

120 POLLUTION DUE TO FACTORY EFFLUENTS

The effluents released by Kanoria Chemicals Private
Limited, Renukoot located on the northern bank of the reser-
voir (Pig.®) are discharged in the Lentic sectorgd The factory/(Fig.
manufactures caustic soda, bleaching powder and benzene 218).
hexachloride and the effluents are characterised by high
chloride and free chlorine contente. The pH is also lows.
Arora et al (1970) have recorded fish mortality due to
chlorine bearing wastes. Studies on the pollutional effects
of industrial effluents from Kanoria Chemicals have been
studied by Panwar et al. (1979) in some details. These
authors hagve also recorded heavy fish mortality in the summer
of 1977. The dead fish comprised C. catla (2.5 = 3.0 kg)
M. zor (0.3 = 0.6 kg) and C. mrigala (0.35 = 1.50 kg)
and C. garua (72-85 g). Heavy mortality of carp and catfish
fingerlings was also recorded during monsoon months.
Absence of fish food organisms, plankton and bottom biots
in the polluted zone confirms that the effluents which are
highly toxic in nature are affecting the biomass in the
reservoir.

13 AQUATIC PLANTS

The resexrvoir is devoid of aquatic plants on account
of high clay turbidity and hence low transparency of water.

14 FISH FAUNA

A survey of fish fauna indicated the presence of
44 species belonging to 33 generas and 13 families (Table
XIV). The fish fauna of Rihand river as reported by Hora (1949)
before impoundment comprised 42 species belonging to 27 genera

-

Arora, HeC., S.N. Chattopadhyaya and U.P.Sharma(1970) « Environ
Hlth., 12 3 260=72 :

Panwer, R.S. ot al. (1979). PBroc. Symp. Environ, Biol. : 465=79.
Hora, S‘L.-(1949). Jis. ZOOLs Socs Iridiay I & 1=7




TABLE XIII

PERIPHYTON DISTRIBUTION IN RIHAND RESERVOIR (1974-75 TO 1976=~77)

1974=-T75 1975=76 1976=T7
Sec~ Num=- Volume Sec= Num= Volume Sec- Num~ Volume

Months tor bers (ml/cmg)'tor bers (ml/cmz) tor bers (ml/ch)

(u/cm?2) (u/cm?2) ' (u/cm?2
April - - - Le 1106 0.4 Le 4700 1.3
May - - - Int 640 0.3 Int 3200 1.0
\June Lo Nil Nil Lo Nil Nil
July - - - Le Nil Nil Le Nil Nil
August - - - Int 566 0.4 Int Nil Nil
September - - - Lo 510 0.3 Lo 430 0.5
October - - = Lo, - 950 v 048 Le Nil Nil
November Int 180 0e2 Int "6 Ca5 Int
December Lo 840 O«7 Lo 1600 0.8 Lo
J anuary Le 380 0.4 Le 3000 0.8 Le 730 0.4
February Int 374 0.3 Int 5264 15 Le 1750 0.6
March Lo 880 0.5 Lo 2200 1.0 Le 2444 0.7
Average 530 0.4 1285 0.6 1325 0.9

Int = Intermediate; Lo=Lotic; Le = Lentic. ¥Not sampled.
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TABLE XIV

FISH FAUNA OF RIHAND;RESERUDIR

Species Project Motwani Hora

Family NOTOPTERIDAE

Notopterus notopterus (Pallas)
Notopterus chitala (Hamilton)

Family CYPRINIDAE

Chela atpar (Hamilton)
Chela laubuca (Hamilton)
Oxygaster bacaila (Hamilton)
vaqaster gora (Hamilton)
Oxygaster boopis (Day)
Barilius barila (Hamilton)
Barilius bendelisis (Hamilton)
Barilius bola (Hamilton)
Danio devario (Hamilton)
Brachydanio rerio (Hamilton)
Esomus danrica (Hamilton)
Rasbora daniconius (Hamilton)
Amblygharvnqodon mola (Hamilton)
Aspidoparia morax (Hamilton)
Chagunius chagunius (Hamilton)
Jor khudree (Sykes )
Tor tor (Hamilton)
Puntius amphibius (Valgnciennes)
Puntius conchonius (Hamilton)
Puntius sarana (Hamilton)
Puntius sophore (Hamilton)
Puntius ticto (Hamilton)
Puntius titius (Hamilton)
Latla catla (Hamilton)
Cirrhinus mrigala (Hamilton)
Cirrhinus reba (Hamilton)
Garra mullya (Sykes)
Labeoc bata (Hamilton)
Labeo bocqut (Sykes)
Labeo galbasu (Hamilton)
Labeo fimbriatus (Bloch)
Labeo pangusia (Hamilton)
Labeo rohita (Hamilton) .
Osteobrama cotio (Hamilton)
Crossocheilus latlus latius
rﬁamlltun)
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FISH FAUNA OF RIHAND RESERVOIR (CONTD)

Spcecies

Project Motwani

Hora

Family

Family

Family

Family

Family

Family

Family

COBITIDAE

Botia dayi Hora
Noemacheilus dayi (Hora)
Noegmacheilus denisonir Day
Noemacheilus zonatus

Leplducephalus untea balgara
iHamlltDnj

SILURIDAE

Ompok bimaculatus (Bloch)
Ompok pabda (Hamilton)

Wallago attu (Bloch & Schneider)

SCHILBEI DAE

Clupisoma garua (Hamilton)
Pseudeutropius murius (Day)

Eutrcpllchthvs vacha (Hamilton)
Silonia silondia (Hamilton)

SACCOBRANCHI DAE
Heteropneustes fossilis (Bloch)
BAGRIDAE

Mystus aor (Hamlltan}
Mystus bleegkari (Day
Mvstus cavasius (Hamilton)
Mystus seenghala (Sykes)
Rita rita (Hamilton)

AMBLYCIPITIDAE

Amblyceps mangois (Hamilton)
SISORIDAE

Bagarius bagarius (Hamilton)
Gagata cenia (Hamilton)

Gagata itchkeea (Sykes)

Erethistes montana var. pipri
Hora

Glyptothorax annandalei Hora

Glyptothorax horai Shaw & Shebbeare—

+ 4+ + +

]

+

f 4

Glyptothorax telchitta (Hemilton) -

Laguna ribeiroi Hora

1 +++ + +

++ 1 ++

B e A i
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FISH FAUNA OF RIHAND RESERVOIR

(CONTD)

Species Project Motwani Hora
Family ANGUILLIDAE

Anguilla bengalensis (Gray & +0 - -

Hardwicke)
Family BELONIDAE
| Xenentodon cancila (Hamilton) - +0 =

Family MUGILIDAE

Rhinomugil corsula (Hamilton) + - -
Family OPHIOCEPHALIDAE

Channa marulius (Hamilton) - - -

Channa striatus (Bloch) - 40 -

Channa gachua - - 40
Family AMBASSIDAE

Chanda nama (Hamilton) + + -

Chanda ranga (Hamilton) - +0 -
Family GOBIIDAE

Glossogobius giuris (Hamilton) + - +
Family MASTOCEMBELIDAE

Mastocembelua armatus (lLecepede) + - *

+ Recorded

+% New records



32

and 10 families. After the impoundment (1962), Motwani
(1970) 1listed 44 species belonging to 29 genera and 12
families. The list of fish fauna compiled by the Coordinated
Project has 17 species in common with that of Motwani and

T with that of Hora. The following six are the new recoxds
registered by the Project :

1. Barilius barils (Haemilton)

2. Botis dayi (Hora)

3. Ompok pabda (Hamilton)

4. Heteropneustes fossilis (Bloch)

5. Gagata itchkeea (Sykes)

6, Anguilla bengalensis‘(Gray & Hardw)

s EFFECT OF IMPOUNDMENT ON REPRODUCTION

1561 Recruitment and breeding success

Studies on the recruitment and breeding
success of Indian major carps were conducted in the Lotic
sector by collecting the eggs and fry during the monsoon
seasone In 1973, only 500 eggs and 200 fry were collected.
The composition of fry was represented by uneconomical
species like Garra sp., Glossogobius giuris, Notopterus sppes
Cirrhinus xrcba and Osteobrama cotice Occurrence of a few
larger ova t4.5 to 5.0 mm in diameter) and a few spent
females of C. mrigala indicated stray breeding of major
carpsas -

———

In 1974, 60,000 eggs were collected in seven daysa.

~ The egg spurt appeared in bulk on 15=16 July only and
continued in traces till 30 July. No eggs were collected
afterwards. The quality of eggs collected on 16 July

was good as the eggs on further rearing were found to contain
C. mrigala (55.6%3 followed by C. catla (7.6%) and L. calbasu
- (T«1%) (Table XV.). ‘ .

In 1975, 81,000 eggs were collected from the major
spurt on 16 July in the morning which continued till ~
evening. Before the occurrence of this spurt congregation
and sexual play of Catla was also observed in the evening
of 15 July. The quality of eggs on rearing showed the
dominance of C. catls (43.6%) followed by Ce mrigala (3845%) , - :
L. rohite (5.1%) and L. calbasu (5.1%). The fry end
Motwani, M.P. (1970). Report on fish and fishceries of Rihand

reservoir. Department of Fisheries, Uttar Pradesh,
Lucknows
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Fingerlings collected from the marginal pockets of the

reservoir also had C. catla (6.9%), followed by C. mrigala
(6.5%) and L. calbasu 14.6%) (Table XV).

TABLE XV
Species composition of major carps in Rihand reservoir

through rearing of eggs and Jaunpur drag net
collection (1974-1977

Year Period Total REARING OF BGGS JAUNPUR NET COLLECTION
of b= no.oF ' sy B L. L. Oth- C. C. Be ILe Othe:
eeding eggs catlas mriga—- cal=-ro- ers cat-mri-cal~- rohi-

coll=- la basu hita la galabasu ta
ected L35
1974 15-7.74 60,000 7.6 55-6 7.1 2.7 27.0 i - = o E
to
20.7.74

1975 16.7.75 81,000 43.6 38,5
1976 30.7.76 87,200 54.1 34.0
1977 2T7«T+TT 4,500 57«1 2646

51 TeT 6.9 65 4.6 0.9 81.
5.5 - 1403 7!4 208 201 73.‘
Bed  Ash TT6 Lol 345 "254 T2

Oy O O
L ]
G -

Others - C. reba, P. sarsna, W. attu, R. corsuls, N. notopterus and
G. giuris

In 1976, the availgbility of eggs was confined to a day
only (30 July) yielding 87,200 eggs. Lotic sector and the catchment
area of Rihand river had heavy rain in the afternoon of 29 July
resulting in a hesgvy inflow of water. The egg spurt lasted for 8
hours and comprised C. catla (54.1%) and Ce mrigala (34-0%). The
quality of fry and fingerlings collected from the reservoir also
showed a dominance of C. catlg (14.3%) followed by Ce. mrigala (7.4%).
It has also been observed from the occurrence of fry that in Rihand
L. calbasu is the first to breed followed by L. rohita, C. mrigala
and C. catlae.

In 1977, only 4,500 eggs were collected in three hours on
27 Julye The quality of eggs on their rearing showed higher
percentage of C. catla (57.1%) followed by C. mrigalg (26.6%) « The
qualitative analysis of fry and fingerlings from the reservoir also
had C. catla (17.6%) and C. mrigala (4.4%?- The trend of species
gomposition observed this year fairly agreed with that of 1975 and
1976 (Table XV).
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15.2 Influence of monsoon inflow on breeding

Studies on the effect of inflow on the breeding
success of major carps have revealed that early monsoon
inflow, especially in July, governs their breeding.

TABLE XVI

Rainfall, monscon/annual inflow and water level in
Rihand reservoir (1973=77)

Year Ra%nf?ll Monsoon inflow (m.a.ft.) Annual Reservoir
cm inflow water level
July August September (m.m.ft.) 7 Tuly
(m)
1973  107.45 0.39 1410 1459 4407 243,21
1974 140.89 1.09 1.04 0.22 2.65 247 .04
- 1975 153.36 1.34 3.67 1.02 6.93 246 .91
1976 95,60 103 147 0.74 4.+81 25775
1977 260,91 2.65 2.9 0,98 a2 251 .02

Tow rainfall (107.45 cm; coupled with poor early monsoon
inflow of water (0.39 mea.ft.) in July in 1973 (Table XVI)

was not sufficient enough for breeding migration of fish and
hence major carp breeding probably failed or remained poor.
Though the inflow improved in August and September, it was of
‘no use. During the years 1974 to 1977, the inflow in July was
high (1409 to 2.65 mea.ft.) and could thus iz induce the fish
to undertake breeding migration and hence successful breeding
was observed. It also merits mention that though the rainfall
was the poorest in 1976 (95.60 cm), the inflow in July (1.03
m.a.ft.) was high enough to helpy migration and breeding of
fish.

153 XYearly varigtiongin egg collection site

It has also been observed that the egg collection
site was never the same during the five seasons but varied
from year to year according to reservoir water level. As
the water level was the lowest in 1973 (243.21 m), the eggs
were collected at a site nearer the confluence of the river
with the Lotic sector. With the rise in water level from
1974 to 1977 the eggs were collected at sites which were
upstream of the site in 1973.



[ and
Len-—

tic

35

16 COMMERCIAL FISHING

An exploratory survey of Rihand reservoir conducted
in 1962 by the State Fisheries Department indicated that
marketable fish was availagble in the reservoir. It then
decided to start commercial fishing in 1963-64. Since
no fishing wvillages or fishermen population existed along
the periphery of the reservoir, the fishermen living along
the banks of river Ganga in District Mirzapur (160 km from
Rihand Dam) were encouraged by the State Department to
come to Rihand for commercial fishing and a Fishermens'
Cooperative Society known as Pant Sagar Matsyajivi Sgha-
kari Samiti organised. The Society was also given necessary
facilities such as provision of fishing boats, supply of
nylon yarn for gill nets, etec, by the State Department.

A system of inviting tenders for lifting the fish catch was
introduced.

Commercial fishing is done for 9 months in a year
excepting June to August which is trecated as a closed season.

-During a greater part of the year, fishing is done in Lotic

and Intermediate sectorse. The fishermen very rarely exploit

the Lentic sector. Of the fishing sites in TLotic,.. -
Intcrmediatelsecﬁors, Pipra, Chargora, Adhaura, Bijpur, Mithini,
Bichhia, Baraidand and Dongia nala on southern bank and Ba=-
lleyari, Saipur, Kota, Mishra, Kuldumri, Belwadah, Sendur

and Dam site on northern bank are the most important (Fig.i?)-
The fishermen after fishing at one particular site for 4=5

days shift to the next site in rotation. Commercial fishing

is thus donc along the entire periphery of the reservoir, the
Lotic and Intermediate sectors being exploited morc intensively.
The fish catch (Fig.2¢) from different sites is brought by a
boat which is towed by the leunch and landed at Kuldumri
landing centre which is casily apprcachable by road from Rihand.
After weighment at the landing centre, the fish is packed in
ice and sent by the contractor's truck to Mughalsarai Railway
Station from where it is sent to Howrah. The ice for packing is
procured by the contractor either from Varanasi, Muoghmlsarai,
Robertsganj or Chopane.

While the contractor or any party lifting the fish
catch has to pay the cost of fish to the State Fisheries
Department according to rates fixed for differcnt categories
of fish, the fishermen are paid fishing (labour) charges
for their catch depending on the category of fishe.
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16,1 Fishing unit

Commercial fishing in Rihand reservoir is
conducted by nylon surface gill nets and a country boat.
The head rope of the gill net is[synthetic material [of
on which the webbing is directly hung with a hanging
comefficient of 0«6 to 0.7« The net isg without a foot rope
and has floats usually of dried pumpkins or empty tin
containers. The nets have mesh bars ranging from 50 to
200 mme. The country boat is flat-bottomed, T+.3 m in length
and 12 m in width. A fishing unit consists of a boat with
2=4 fishermen and 25 gill nets of different mesh bars.
Each net on an average has o length of 30 me

162 Yearly variations in fish yield

Taking 1971=T72 as the base year, the annual
fish yield progressively increased (Table XVII) from 1972-T3
(184413 t) to attain maximum in 19T74-75 (328.82 t). The
yield decreased from 1975-75 (160,75 t) to 1977-T8 (8%.49 t).
In 1978=79 the fishing was done only for a month and
therefore the yield was considerably low. Though the yield—
increased in 197980 (14801§$w it was still below the level
of the base year (152»40 ﬁ}o However, it decreased further

during 1980-81(79.52 %) owing to poor fishing effort which
wae about half of the previous year.

163 Yield/ha

The yield/ha also progressively increased
(Table XVII) from 5.05 kg (197%-72) to 10491 kg (1974~75)
and then decreased to 2.T€ kg (1977~78) . The yield/ha
during 1979-80 (4.91 kg) is almost about the same as in the
base year. put again decreased to 2.64 kg in 1980-81.

16.4 Fishing effort and its impact on yield

Taking 1972-73 as the base year (Table XVII)
even the decreased fishing effort during 1973=T4 (16.77%5
yielded an increased catch of 31.77%. The increase i

fishing effort during 1974-=75 (95.76%) and 1975=76 (20/.06%)
improved the catch by T8,.5T7% and 12.67% respectively Fig,ﬂt),
Despite the increase in fishing effort in 1976-TT7 (26487%) ,
1977-78 (14.84%); o= 1979-80 ( RAAGSAE) ./ the fishery donti-
nuously declined a8 compared to the base year (197 )« The
lowest yield of 1978=79 was due to the fact that the fishing
was conducted only for a monthe. 7 S

[ and 1980-81 (79+52 ),



TABLE XVII

!

{

ANNUAL YIELD AND FISHING EFFORT IN RIHAND RESERVOIR
(1971=-72 TO 1980-81) |

\
|

Years Total Yield/ha Number Number Cati:h/ Percentage increase/
yield (kg) of nets of 50 m 50 decrease
() i FE;? Effort Catch

1971=72 152.40 5.05 - - - e e
1972-73 184413 6411 1,26,597 75,285 2.44 - -
1973=74 242,62  7.85 1,05,029 62,656 3.87 =16477 +31.57T.
1974=75 328.82 10,91 2,45,626 1,47,375 2.23 +95,76 +78457
1975=76 160.75 5.33 1,50,644 90,386 1,78 +20,06 #1206
1976=-7T 68,23 2,26 19399442 95,513 0.7 +26,87 -62,97
1977=T8 83449 26 1,44,095 86,457 0,96 C +14.84 -54,65
1978=T79 24.87 - 34,249 20,549 1,21 ~T2471 -86 .48
1979-80 148,15  4.91 4,10,106 2,46,065 0,60 1226 ,84 -19,54
1980-81 179.52 2.64 2,255,449 1,335,269 0.58 +78.08 -56,81




38

16.5 Fish yield in relation to reservoir water level

The fish yield cof Rihand reservoir appears +to be
affected by rescrvoir water level and shows an indirect
relationship (Figgg)u

The yield was high in 1973=74 (242.62 ) and 1974-75
(328.82 t) when the water level was low (248.55 and 248.22 m
respectively). The yields were comparable in 1971=T72
(152440t), 1972=73 (184.13 t) and 1975~76 (160.75 t) when
the water levels were more or less of the same magnitude
(261459, 257+36 and 257.85 respectively). Minor variations
in the total yield during those years may be due to the
variability in the intensity of fishing effort and abundance
of fish stocks. Apart from fish sbundance, the reservoir
water level ie also a factor, which is responsible for wva=-
riations in fish yield. It is apparent from this relgtion-
ship that since the reduced water level permits effective
operation of gill nets, the catch is high and vice versa.
During 1974-75, when the water levels were low, the fisher-—
men also resorted to column setting of gill nets which
resulted in particularly high catches during that year.

16.6 Catch stgudtugg

The commercial fishery of Rihand reservoir was
dominated by C. catls which formed 84.2 to 99.1% in the
total fishery from 1971=72 to 1930~8f (Table XVIII). The
other species which contributed to the fishery included
Ce mrigala, L. calbasu, L. xrohita, L. bata, P. sarana,

We gttu, S« sgsilondia, Mystus spps, Be. bagarius, Ne. chitals
and Ne notopterus and C. marulius.

TABLE XVITIT

Fish caotch structure in Rihand rescrvoir (1971=72 to

1980-81)
Year Percentage
Ce catls Others
1971=T2 99.2 0.8
T 1972=T3 98.8 142
1974=T5 99.1 0.9
1976=TT7 8Te1 12.9
1977=T8 90.5 9.5
1978-=T79 - -
1979=80 8442 15.8
1980-81 T3e1 26.9
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16,7 Stock characteristics of C.catla

As seen from the catch (kg)/unit of effort (50 jovl
1ength). it is evident that though the fisghiig effort was
increased in 1974-75 from base year 1972-73, the catch/50 m
unit remained the same in 1972-T73 (2.44 kg) and 1974=75
(2.23 kg). This shows that the stock density of C.catla was
not affected (Table XVII). BEven with reduced fishing effort
in 1975-76 and 1976=T77, the catch/50 m unit continued to
show a downward trend being 1.78 kg and 0.71 kg respectively.
The fishing effort was abruptly raised in 1979-80 over that
of basc yecar (1972-73) but that also did not bring about any
improvemént in Catla fishery, the catch/unit effort index
bteing very low EO.GO)G The fluctuations in the landings and
low oatoh/unit effort index point to the poor abundance of
the stocks and recruitment variability.

16.8 Selective fighing

Spot sampling of commercially operated gill nets
has shown that the nets of larger mesh bars (150-170 mm) were
operated more commonly by the fishermen. Due to this selective
mode of fishing the catch of C.catla was the most dominant and
represented only by higher size groups (900—1100 mm/14—25 kg).

An interesting observation was made in Deccmber 1975
when two different fishing parties, one using the nets of
smaller mesh bars (100 mm and below) and the other that of
larger mesh bars (140-180 mm) found that the larger-meshed
nets predominatly landed Co.catla (97.2%) while the smaller re
meshed nets yielded the same in a much lower magnitude :
(3546%) though with better catches of othor species
(Table XTX). As the fishermen are interested in better
yields especcially in terms of large-=sized Cgatla which fetch

TABLE XIX
Catch composition of gill nets of different
mesh bars

Species __Porcentage(By weight) _Percentage (By numbex)
Small mesh Large mesh Small mesh Tigrge mesh

Q_. ng‘tlﬁ. 3506 97-2 11.1 91 01

g_. mrigela 756 O-? 14 .1 . 4ol

Lo I‘Ohit& 25.4 096 28.3 1-5

Lo calbasu 2¢4 Vel 5.1 1-5

ﬂo O.'t'tu 10.9 - 6-1 o

M. secnghala 25 - 340 -

§.. Bilondla 7.6 Lo 15.1 -

Be. bagarius - 1.4 - 15

]ﬂ_- chita.la 800 - 17-2 -
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e higher price, they obviously prefer fishing with nets of
larger mesh bars. Hence, the selective mode of fishing in
Rihand for catching large=sized catla only.

169 Drag net fishing
was

In 1979~80, fishing with drag neﬁ[undertaken in the
Lotic sector of the reservoir by the State Fisheries Departe
ment for the first time since the commencement of commercial
exploitation in 1963%-64, The operation was initiated.on
24 October using o net of 441 m in length by a team of 13
fishermens A comparison of monthly fish catch showed that
while C. catla declined from 94, 23% (Septembor) to T2.48%
(Decemberi, the percentages of C. mrigal We attu, S« silondia
and Ne chitala improved followlng the drag net oPerailon
(Taole XXi. The species like C. mgrulius, E. sarana and

TABLE XX

Catch composition (% by weight) in total
landings through gill and drag net operations

Species Gill net Gill and drag nets
Sept.1979 October November Deccmber Jane. Febe.
1980

L. rohita 060 0.63 QT7 0.187 0.293 0«30
Co mrigala 0.92 5.36 7.82 6:3T1 44182 1.52
L. calbasu 0.27 Q.44 0.34 0.525 0.145 0,02
2. Sgrana - e - 0.091 On036 0,08
Mystus sppe. 0.24 0.85 199 2:126 2.826 1.80
Sesilondia 0.85 1.10 DebF 5.510 3890 5.32
B bagarius 0,98 103 0.06 0.113 0.184 0.03
E. chitala 0,42 0.77 3e24 54602 5943 314
N «notopterus0.,01 - 0+.18 0.345 0.212 0.19
C

N. notopterus which were not encountered in the commercial
catch occurred in drag net catches. This shows that with
employment of additional fishing methods, the species compoe
sition in the total yield is also likely to improve,
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17 EXPERIMENTAT, FISHING

17.1 Work done by State Fisheries Department - :

Bxperimental fics ing was conduc-ed in the Inter-
mediate sector, arcund Xuldumri fish landing centre, by the
Gear unit of the S+ate PFisherics Department from October
1973 to February 1974. The unit operuted on an average
25=30 surface gill nets of different types and mesh bars
(50 to 180'mm) every day -for 24 hours. During the course of
this fishing, a total of 1681.45 kg of fish was caught in
which C. catla was the dominant speciecs forming 52% of the
catche C. mrigala and L. calbasu, though poorly represented
in the commercial catch, were also important contributing
1510 and 10.08%. respectively (Table XXI). It was further
observed that among the nets of smaller mesh bars (50-90 mm),
the catch/net/day of 60/trammel (0.75 kg) was the highest
followed by that of T70/trammel (0.67 kg) and 60/trammel
(0.63 kg). In the nets of larger mesh bars (130=180 mm),
the catch/net/day of 130/ordinary (8.17 kg) was the highest
followed by that of 170/trammel (1.67 kg) and 160/trammel
(1.32 kg). The average catch/net/day was found to be 0.64 kg
during the entire period of fishing (Table XXlI)a

17.2 Woxk done by the Project usging State nets

Initially, the Projcct conducted experimental
fishing in February=-March 1975 using surface gill nets of
the State Fisherice Department. 11 gill nets with mesh bars
ranging from 15 to 180 mm were operated in the entire stretch
of reservoir covering all the three sectors (Table XXIII). :
The span of 120 fishing hours yielded a catch of 42.997 kg.
It is evident from this data that the bulk of the catch (32.835
kg) was .anded in the Interr>diate sector Ffollowed by Lotic
(10.0 kg) and Lentic (0,162 kg). The catch was represented
by Ce catla followed by S. silondia, M. seenghala and N. chitala.
Catfishes like C. garua and E. vacha, not secen in the commercial
landings, were also available in the experimental catch :
(Table XXIII).

17«3 Woxrk done by the Project nets

As per the work programme, multimeshed gill nets were to
‘be operated for 4 days in each of the three sectors totalling
ta 42 days/month in the entire stretch of the reservoir
but owing to certain difficulties and lack of facilities
fishing could be done only for three months i.e. during April
1979, and March and July, 1980. Even during this period,
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TAE .E XXI

CATCH COMPOSITION OF EXPERIMENTAL GILL NETS USED BY
GEAR UNIT OF STATE FISHERIES DEPARTMENT

Species No.of Size range Weight Percentage
specimens (mm) (kg) (by weight)
C.catla 45 913-1065 874 .50 52.00
Lvrohita 8 395-940 31 .40 1«87
Cu.mrigals 122 342-727 253475 15310
L.calbasu 64 350-600 169 .60 10,08
Pe.sarana 10 247-452 4 .95 0.30
W.attu 25 885-1415 165.90 9 .87
S.silondia 111 200-840 101 .45 6.03
M.seenghala 4 432-1215 18.50 1«10
M.aor 4 400-112"7 13.60 0.81
E.vacha 4 240-329 0.65 0.04
Re.rita 3 435-500 3.85 0.22
Nechitala 17 271-700 28 .55 1.70
N.notopterus 118 281 -508 14,75 0.88
Total 1681 .45 100.00
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TABLE XXII

NET-WISE CATCH OF EXPERIMENTAL GILL NETS USED BY GIAR
UNIT (STATE FISHERIZS)

S1. Partic.lars Total Total catch Catch/net/
No. of net (Mesh Number of (kg) day (kg)
bar in mm/ nets
type) operated
1. 50/Frame 483 223,75 0.47
2, 50/Trammel 501 229,85 0,46
3. 60/Frame 237 149.10 0.63 III
4. 60/Trammel 192 144.35 =5 I
5. 70/Ordinary 223 21.60 0.09
6. 70/Frame 125 7.70 0.06
7. 70/Trammel 126 85.20 0467 — &I
8. 80/0rdinary 190 10.90 0.06
9. 80/Frame 12% 11 .45 0.08
10, 80/Trammel 123 47«45 0,38
11+ 90/0rdinary 181 32420 0.18
12. 90/Frame 122 ' 6.00 0.05
13. 90/Trammel 124 33.90 0427
14. 130/0rdinary 3 24,50 BetT,. £
15. 140/0Ordinary 30 Nil -
16. 140/0rdinary 38 Nil =
17+ 150/0rdinary 28 Nil -
18+ 150/Trammel 25 Nil -
19, 160/0rdinary 95 73 .00 077
20. 160/Frame 43 45 .50 1.05
21, 160/Trammel 43 57«00 1B i TLE
22, 165/Green 2273 124,50 0.54
2%. 165/White 218 98,00 0.45
24. 165/Rec 112 38 .70 034
25, 165/F+ me 52 NZ1 -
26, 165/Trammel 52 Nil =
27. 170/0rdinary 91 74 .50 0.82
28, 170/Frame 57 : 19,00 033
29, 170/Trammel 49 82,00 1267 IT
30. 180/Trammel 56 42,00 0.75
31. 180/0rdinary 17 Nil -
32, 180/Frame 14 Nil -

Total 1681.45 Av . 0.64
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TABLE XXIII

EXPERIMENTAL FISHING WITH STATE GILL NETS (FEB. &

MAR.'75) IN THREE SECTORS OF THE RESERVOIR
Mesh LENTIC INTERMEDIATE LOTIC
bar |Species No.| TL Wt. Species Noe|TL(mm) [Wt. Species No.|TL Wt .
(m) (mm) | (xe) (1) [(xa)
15 Nil O.bacaila 3 140-151 0.039 Nil
N.cotio 1 65 0.001
25 0O.bucgila 2 242-243 0.162 S.silondia 2 258-283 0.220 Nil
Ce.garua 2 230=295 0.220 Nil
E.vachsg 2 243-250 0.180
R.corsula 1 268 0.175
90 Nil Nil M.seenghala 1 1210 7.0
110 Nil Ne.chitala 1 - 3400 ‘Nechitalag 1 843 3.0
S.silondia 1 1130 9.00
160 Nil Nil Nil
170 Nil Nil Nil
180 Nil C.catla 1 860 20.0 Nil
Total 0.162 32.835 10.0

Grand Total

124997 kg
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the work had a severe set-=back and against the proposed
programme of fishing for 12 days in a month, the nets
could be plied only for 3=8 days in each ¢~ the three
months. Nets with smaller mcsh~bars (20~90 mm) alone were
used.

In April 1979, 44 nets were operated from 5.4.79
to 9:4.79 in the Intermediate sector of the reservoir. In
48 hours of operation, a totzl catch of 12.589 kg was ob=
tained giving 0.005 kg/net/hr. In the total catch, S.
silondia (68.93%) was the most dominant followed by Crgarua
t17.55%§. The net of 80 mm bar contributed the highest
catch (39.,71%) followed by that of 40 mm (19.46%) and 45 mm
(17.88%). In March 1980, 43 nets were again operated in
the Intermediate sector from 26.3.80 to 29.3.80. In 36
hours of fishing, a total catch of T7.115 kg with 0.004 kg/
net/hour was obtained. Among the species, S. silondia

35.62%) was the most important followed by P. saransa
11+30%) E. wvacha (10.19%) L. calbasu (9.83%), Ce xeba
9.27%) and Ce+ garug (8.78%5. The net with 30 mm mesh bar
ave the highest yield (39.49%) followed by that of 20 mm
%16.59%) and 25 mm (15.05%) (Table XXIV:). .

Table XXTIV

Specics-wise and net-wise distribution of catches
in experimental fishing in Rihand reservoir

Species Catch (kg) Net Catch

April March April 1979 March

1979 1980 (mm bar) 1980

S. silondia 8.678 DB 3E 20 1119 1.180
E. Q,_C;'.;Y: - 0;125 25 19070 1.070
_E_- vachs 0.1 50 0,720 3 s 00405
L. calbasu - 0+700 JLE) e 2.450 0.300
C. xrecba 0.050 © 0.660 50 0,300 0850
P. sarana - 0.805 80 5.000 -
_0_. bacaila Oal 52 0 -595
N. chitala - 0-125
M. armatus - 0.225

12589 7.115 12.589 T-115
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In July 1980, fishing was done both in the Lotic and
Intermediate sectors (Table XXV). In 42 hours of fishing
and operation of 35 nets in the Lotic sectors, a total catch
of 88.3 V - was obtained givi: 3 0.06 kg/net/ sur. L. calbasu
(52.83%\ wes the most dominont species followed by Le rohita 5. %
13.36'5, Wo attu (11.89%), S. silondin (8.87%) and C. mrigals §
6.62%)« The met o2 60 mm bar contributed the highest catch
23.95%) followed by those of 80 mm (15.63%) and 90 mm (13.70%).
In Intermediate sector, 60 hours of fishing with the operation
of 75 nets landed 60.76 kg of fish which amounted to 0,013
kg/net/hour. The catch was represented by Ce. mri%?la (28.31%)
followed by L. calbasu (26.0%), L. rohita T16.13 and S
silondia (14-97%5. The contribution of 40 mm met (17-77%) was
the highest followed by those of 45 mm (12.75%), 70 mm
(11.85%) and 35 mm (11.35%) .

TABLE XXV

Speciecs=wise and net=wise distribution of catch of
experimental fishing in Rihand reservoir

Species Catch (kg) Net Catch (kg)
July 1980 (mm bar) July 1980
Lotic Intermediate Lotic Intermedigte
W, attu 10.500 - 20 1.140 36315
8. silondig T«835 9.090 25 1.640 1250
M. seenghalsg 1.600 - 30 2,550 4,850
g_- garuvua 1 i560 2.630 35 00250 6.900
E. yachag - 4175 40 3.925 10.795
R. rita 1.200 - 45 1.150 7750
L. xohita 11.800 9.800 50 T«300 4.000
L. calbasv 46,650 15.800 55 9.050 4. 450
C. mrigal.. 5.850  17.200 60 21.150 3,150
C. xeba 1.140 0..770 65 6.850 -
P. sarana - 0.250 70 2.250 T.«200
O. bacaila 0.170 0.895 T5- 2.550 4.250
M. armatus - 0.150 80 134800 2.850
85 24600 -
90 12,100

88,305 60.760 88.305 60,760
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A  comparison of catch/net/hour in the Lotic and
Intermediate sectors during July 1980 clearly indicated that
fish abundance was more in the Lotic sector which may be
attributed to their breeding migration into the flowing waters.
The catch of 60 mm mesh bar 1 a5 the highest (23.95%) followed
by that of 80 mm (15.63%) in the Lotic sector while the
nets of 40 and 45 mnn were the most effoetive in Intermediate
scctor contributing 17.8 and 12.8% of the total catch res-
pectively.

Based on the limited nature of experimental fishing,
nothing can be said definitely about the dispersal of fish
stocks in relation to time and space. Pooled data on cxpe-
rimental fishing (Table XXVI) have shown that L. caglbasu
(37e4%) was the most dominating species followed by S. silondia
(16.7%), Co mrigale (14.5%), L. xrohita (12.8%), We attu (6. 2%5
C. garua (4.2%) and B. vacha (2.9%). While for L. rohita
T450 700 mm) the effective mesh bar was 50=90 mm, for
L. calbasu (250-600 mm) and C. mrigala (390=-800 mm) the mesh
bars ranging from 30 to 90 mm were found suitablec. 5. silondia
(190-930 mm C. garug (220-970 mm) and E. yacha (260-400 mm
were caught more commonly in mesh bars ranging ing from 20 +to
80 mm.

18 FISHERY BIOLOGY =
181 Catla catla (Han)
18141 Morpho=biclogical wvarigtions

Catla catla is described as monotypic species-in
ichthyological literature. Studies carried out at Rihand
provided evidences regarding cxistence of three populaticns
norpholog z2ally identifiable y short, mediv: and long pec=
toral fins. Day (1878) has dcscribed the pectoral fin of
Catla to be extending to the ventral which is considered as
equivalent to long pectoral in the present context. The
pectoral which reaches only half-way to the ventral is
described as short pectoral. The pectoral in between these
sizes is defined as medium pectoral. For convenicnce sake,
Ce catla 1 referred as C. catla (PL), C. catla (PM) and
Ce catla (P to represcnt populations marked b long,
medium and sgort pectorals respectively (Fig.zig.

The above character is of considerable taxonomic impore-
tance and is a morphological index of distinct populations
as borne out by the fact that Catla with long, medium and



TABLE XXVI

POOLED DATA OF EXPERIMENTAL FISHING (APRIL'79, MARCH'S80
AND JULY'80) SHOWING OVERALL SPECIES COMPOSITION WITH SIZE

OF FISF AND MESH BAR

Species No. of Size of Weight of % (by Mesh bar

speci- fish fish (kg) weight) range

mens mm) (mm)
Le.xrohits 7 450-690 21,600 12.8 50-90
La.calbasu 62 255=605 63.150 3T.4 30-~90
Cemrigala 22 385-805 24.400 14.5 30=-80
Cexeba 47 5 5-230 2.620 1.6 20~-40
Pe.sarang 4 (2504280 1.055 0.6 30-40
O.bacails 24 205=270 1.812 1.1 20-40
W.attu 1 1210 10,500 6.2 60
M.seenghal 1 670 1.600 0.9 65
M.z0x 1 310 0.125 0.1 20
Sesilondia 68 185-930 28.138 16,7 20-60
C.garusg 67 220-365 T-024 4.2 20-50
E.vach 23 258405 5.045 2.9 20-80
Re.xits 3 350=450 1.200 0.7 30-50
Ne.chitala 1 256 0.125 0ol o5
M.armatus 2 445~-450 Q375 0.2 20-25
Total 168,769
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short pectorals are sharply different from one another
in respect of length-weight, girth and feeding habits.

Length-weight relationship @

Ce catla (Pr) ¢ Tog W = =3.3894 + 2.5496 log L

or 2.82 x 104y %5496

Log W = =4.8220 + 3.0336 log L

R T .2 10"51;3'0336

Log W = =5.0712 + 3.1262 log L
~6.3.1262 F

C. catla (PM)

Ce catla (P

gl

where W stands for weight in grams and L forxr
length in millimeters ?Fig.ﬁ4 .

The three regression equations, when tested togethexr
for equality using F =test, were found to be highly signi=-
ficant at 1% level (F,, 201 = 14.57). Similar test for
equality indicated Siénificance in populations between
PL and PM in respect of regression coefficient at 5%
level (F oL 151 = 3.8); between PL and Ps at 1% level
(F1, 105 = T+1); and between P, and P, 8%t 1% level :
(F1’ 167 = 35+3)« This aralysis confirms distinct identity
of the three populations which could be ecological or
genetical or both.

Length=girth relationship

An gnaglysis of covariance of the regression functions
relating to length (L) and girth (G) of the three popula=
tions, testing all series together for homogeneity,
indicated a high degree of significance at 1% level (F4,
199 = 24..5)« Their interce; ¢ values werc .lso found
highly significant at 1% level (F1, 201 = 53¢41)e« The
intercept values between P. and PM, PL and P, and P, and
PS were also highly signif%cant confirming distinct
génetical identity of populations.,. The regression
functions relating to length (L) and girth (G) of the
three populagtions are expressed by the following equations 3

C. catla (PL) : G = 4442822 + 0.T376 L
Ce catla (PM) ! G o= =4e2332 4+ 0.8060 L
G = 216492 + 0.8058 L

| (@]

s catla (Ps)

where G stands for girth and L for length of the fish
in millimeters.
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Food compogition @

A study of the gut contents (Fig.ﬂS) of the three
populatiuns showed that C. cutla (P ) subsi.ts predominantly
on crustaceans (72.6%) while the populations P, and PS,
despite the occurrc ace of crustaceans (14.8 - %2.8%),
exhibit a marked preference for Microcystis (49.1 - 79 4%) o
These observations clearly showed that Microcystis was pre-
ferred and consumed more commonly by Catla P,, and P The
difference in feeding was also reflected by %he varidation in
gut length/fish length ratio which showed an average value
of 116.7 in C. gcatla (P.), 1:7.6 in Q. catla (B,) and 1:7.4 in

g_ s C Q‘bla (PS)-.

Fish length/scale length relationship @

Scales collected from the three populations of C. gcatla
were examined separately for studies on age and growth. The
fish length/scale length relationships were determined
statistically and. their regression equations are given below :

C. catla (B.) ¢ 8 = 1.13 + 0.025 L (r = 0499)
C. catla (By) : 8 = =5.48 + 0,032 L (r = 0.97)
C. catla {Pg) : S = =11.01 + 0,038 L (r = 0.99)

where S = scale length (mm) and I = fish length (mm)
Lengths at ages @

The intermediate fish lengths of the three populations
were bac =calculated ascert: ning five age zroups from scale
annuli (Table XXVII).

TABLE XXVIT

Length=at=ages of the threce populations
of Catla catle

Age (Year) Back-calculated lengths gmmz

PL PM PS

a | 450* 450 * 390%
17T 635 635 573
TE 787 789 728
7 906 888 830
- 966 974 915

*Length ascertained by extrapolation of growth curve
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It is evident from the above data that of the three
Catla populations, Catla (B.) ana (PM) are fast growing while
Catls (P.) is the slowest (¥ z. 26) . Althouch Catla (P.)
is the slowest among the three, its growth appears to Ee
faster than C. catly from river Jamuna (Fig.26) estimated
to be 295, 514, T16, 823 and 917 mm respectively in the life
span)of I to V years respectively (Natarajan and Jhingran,
1963).

Weights at ages and annual growth :.

Using the length-weight relationships of the three
populagtions, the weights—at-ages were also calculated. Based
on these weights the annual growth between successive age
groups was determined (Table XXVIII).

TABIE XXVIIT
Weights=at=~ages and annual growth of Catla

populations
Age (yr) Weights=at-ages (g) - __Annual growth(%)
PL_ Py Ty _?2 PM P§
I 2372 1686 106? 141 186 2373
ET 5710 4816 3556 7% 92 112
141 9868 9247 ?521 A A3 50
v 16630 17540 15370

The comparison of weights=at=ages has further shown
that growth in terms of weight was also more in case of
Catla (PL) and (PBy) but less in Catla (PS) thereby fully

agreeing with the growth trend denoted by lengthe

A careful examination of length-weight relationship
(Fig+.34) has shown that while this growth trend in weight of
the three populationg is exhibited by the fish in the sisze
range of 400-800 mm/Catla (PS) and Catla (PM) overtake
Catla (P ) in growth at 800 and 900 mm respectively. However,
further analysis of data for annual growth rate of fish
gave interesting results. Going by the annual growth rate,
Catla (PS) was found to have an edge over that of Cagtla (?L)

Natarajan, A.V. and A.G, Jhingran (1963). Proc. nat. Inst.
Sci. India (B), 29(3) : 326-55
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and (P ;. It is therefore inferred that while Catlg (PL)

and (? grow faster in length than their weights, Catla (PS)
grows %aster in weight than its length (Fig.ﬂ%). This
variatior in growth in length and weight of the populations
was also indicated by the dissimilarities in girth/fish
length ratio and also from the regrescion coefficicnts of
length=weight equation. The girth/fish length ratio was
maximum for Cetla (PS) indicating that the fish has more
girth on account of its greater annual growth by weight only.
The regression coefficiemnt of 3,13 in Catla (P.), being more
than 3.0, also supports the conclusion that the fish weight
increases faster than fish length, The regression coeffi-
cients of Catla (p ) and (P ) being 2.55 and 3.03 demonstrate
that in these popu&ations tﬂe linear growth is taking place
at a greater rate than growth in weight.

von Bertalanffy's growth fit :

von Bertalanffy's growth equation was also utilised to
derive the asymptotic length (l@)) and growth paramecters
of the three populations.,.

The following are the derivations of the growth equation :

C. catle (P.) ¢ 1y = 1106 % 1eg=0+41(t + 0-07)}
Ca catle (PM) . l‘b = 1180 { 1_9‘0032(17 + Oo41)%
Cs catla (?S) s 1. s 1120 i 1-9‘0*33("5 + 0-10);

The lengths—-at—ages colculated from the above growth
equations also agreed with the lengths back=calculated from
scale method (Table XXIX).

TABLE XXTX

Lengths=at=ages of Catla populations derived
from growth equation

Age (Yr) von Bertoienffy's fit (mm)

B B g
I 592 429 341
IT 632 634 560
III 92 84 17
Iv 898 892 831

\'s 968 911 o2




53

18:1+2 Ecological populations

The three populations of Ce catla reported from

Rihand h: e been considered " 2re only as ec logical populas~
tions for the prescat since cach of these populations has

a specific 'role! corresponding to a 'miche' in the eco=
system. Establishment of a separate taxon in the rank of
sub=species may be examined if further obscrvations in
different ccotopes warrant such aon Dheasure. . Becological
studies in Rihand have shown that it is a multifaceted eco=-
system which acts as a 'biologicel filter' to project three
ecological populations in different sectors of the reservoirs
according to the availgbility of their food niches. Thus
the zooplanktophagie population of C. gcatla (p ) appears to

- dominate the Lotic and Intermediate sectors where zoo=-
lankton availability is comparatively more while C. catla

P, and P,) dominate the Lentic followed by the Intermediate

segtor where phytoplankton is abundant.

18+1+3 Role of Catla (P, and P ) in Microcystis
z 2 e M S
utilization

Microcystis dominates the plankton population of
many Indian reservoirs, especially those in peninsular India.
Studies under the All India Coordinated Resecarch Project have
shown the abundance of Microcystis in Getalsud reservoir
éBihar), Nagarjunasagar (Andhra Pradesh) and Bhavanisagax

Tamil Nadu), besides Rihand. In addition, Microcystis also
dominates the plankton of ponds and tanks in several areas.
No Microcystis feeding fish is known in India. In these
circunstaonces, the two Catla populations of Rihand with
medium (P ) and short (PS pectorals have g significant role
in the ¢ atrol and utilisati n of Microcyst's and thus in
the develospment of pomnd and »cservoir fisheries in India.

18.2 Catla x rohu hybrid
Taxonomic .aharacters

Catla x rochu hybrid has a general appearance of
Ce catls having a conspicuously smaller head than catla
but deeper body than rohu. The contour of the mouth is more
akin to that of rohu though its position is terminal with its
lips entire and without barbels. In morphometric ratios, the
hybrid rescmbles catla in respect of length of body/girth
of body and length of head/diameter of the cye. It resembles
rohu in respect of length of body/length of head. The hybrid
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displays intermediate range in respect of length of body/
depth of body ratios. Meristic counts in respect of
dorsal and pectoral fin rays have an intermediate range
(Table XXX).

TABLE XXX

Taxonomic characters of catla x rohu
hybrid of Rihand reservoir in comparison
to its parent species

Characters Catla Rohu Rihand hybrid

Length of fish/ by 440 3e4=3e5

Depth of body >

Length of fish/ 3.8 445 bel=de5

Length of head

Length of fish/ 143 T2 1e3=1e4

Girth of body : '

Length of head/ 2.0 1.8 166240

Interorbital space .

Length of head/ 131 124 0+8=1.8

Height of head

Length of head/ 8,2 6y 840=9.6

Diameter cf eye

Dorsal fin rays 19 15 17=19
""Pectoral fin rays 21 ‘ 15 17=19

Angl fin rays 9 9 T-8

Position of mouth Upturned Inferior Terminal

Nature of lips Not fringed Fringed Not fringed

Number of barbels No barbels One pair No barbels

Feeding habits

In reservoir environment the hybrid is detritophy=-
toplanktophagic displaying proneness to a much a wider
spectrum of food than encountered in ponds where the
hybrid is known to take detritus, decaying vegetation,
mud and sand. The gut analysis of hybrid under rescrvoir
environment in Rihand shows the presence of detritus
(45.0%), sand and mud (35.0%), Ceratium (18.7%) and
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Kexratella (1.3%). The percentage composition of Ceratium
goes upto 40% in the gut contents in February when there
is a minor bloom of this phytoplankter indicating a pre—
fercnce for this phytoplankter. The proneness of the
hybrid to utilise Ceratium merits mention in that it is
likely to prove very successful in Cergtium dominated
reservoirs. The fish length/gut length 'ratio ds 1:156

in the hybrid as against 1 : T in catla which shows its
active leaning towards detritus and phytoplankton.

Age and growth :

The scales of catla x rohu hybrid were found suitable
for age determination. The intermediate lengths at ages; as
back=calculated from scale rings, of the hybrid and catla
from Rihand reservoir are given in Table XXXTI,

TABLE XXXT

Back calculated lengths—-at=ages of catla x rochu
hybrid and C. catla

Age Catla x rohu hybrid Cs cgtla¥*
Length range (mm) Average Length  Average
length range Length
(mm) (mm (ram)
IX 420=470 434 372-~520 466
PR 542=628 578 598=~720 669
Iv 620~T07 37 T745~-840 789
v T34=-836 795 813=897 859
VI 904 904 ot -

¥ Representing mixed population

The following are the derivations for catla x rohu
hybrid and catla for von Eertalenffy's growth equation :

Catla x rohu hybrid : 1t = 1026 1-e—0+2T(£+0.02)
C. catlg i 1t = 1273 1-e"0+25(%+0.04)

The asymptotic length (laa) of catla x rohu hybrid
is below the level of catla by 247 mm. The lengths at ages
of catla and catla x rohu hybrid calculated from
von Bertalenffy's growth equation is presented in Table XXXII.
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e e ; _TABLE XXXIT 23"
5 : von Bertalenffy's‘growthlfif%““'f £
ieo T (& Ay ) vV VI
Catlai-i 5 w ito: 2927 509 =68 810" 912 992
Catla x roha . 243 434 575 682 1763 825
hybrid \ :

&

The above table brings out the fact that the'growth:fate of
the hybrid compares favourably with that of catla.

The ovary of female hybrid was found ‘o be[btage T1F
(February) with dov910p1ng eggse iItidis likely that hybrids
maturc and breed carly,’ pex%aps 1n ithe first frashets of the
monsoon. e

18,3 Other species

The gut/stomach contents of . . msncther twelve
species of fish available in the rescrvoir were also ana=-
lyscd. The sizc renge of different species examined and
their food composition are given in Teble XXXIIT.

TABLE XXXIII
Gut/stomach contents(%) of commercially

.-.4“.._‘...._‘_. —

~——

~‘important epociss of Rihrmd e
Species Size of Sand; Orga= Plant Algaec FlSh Ins- Pra- Shri- Moll=-
Sk fishdh? mud nic¢ natter wes AR cS e WL mp usec
(mnr) detri- ) OB
; fan : " -w,:xr_ﬁ |
'.;E."" mhltﬂ.._éﬁg 90 000 T<00 - SDOO - o - el e
L.calbasu 360=600 31.75 60.00 = " “8.25 =—-— - = = -
C.nrizala 520~650 62,64 22,49 0.80 14.07 = - - - -
_?f_‘.%a.rana : 295_31 9 . sl 70 .OO - b 30 « 00 = - L
R.corsula“ 25=268 100.00 - - - - - - - -
Migeen= ' ..~1210 - - - - 7500 25,00 = - -
ghalag : ; . 3
S,silon~ 260-1130 = 23.40 - - 40.60 36.00 = - -
dimoew R g i ol N
W. attu 650=1160" 37.50 = - - . $2+50 = - - -
C. garug 295-359 - - - - 1 BEI00 75 00 = = =
B. ¥acha 230~300 - - - ~i=... 10000 - -
Nl.chitala 225-840 - 2.20 0.6018.80 L= T3.20 2 10 %53 = O+60
E. noto=- 275""375 2.50 9.80 27-50 3.45 3.65 L 30.00 -

23.10
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The fecundity of the following species was estimated as :

of fish examined,
shown in Table XXXIV.

Speciecs

Q
o
1_1
o
*

QI Q
Q
P
o
B
e

18.4

Size of fish(mgl

1010-1112
635=665
510=540
580~680

645

Irash fish

Number of eges

364 26,000 = 47,922,000

5,97, 567 = 17,28,000
3, 40,000
4, 98,578

2’ 1 9’ 600 -
1,86,878 .

1,253

The trash fishes collected from Lotic sector
were examined for their food and maturity. The data on size

food and maturity of 13 such species are

Most of the species were found +to
feed on insects and zooplanktone.

TABLE. IXXTV

Food and maturity of trash fish

“Bele Speéfgg— Size range (mm) Food Maturity

1. Ce. atpar 30=57 Insccts & algae P

2. Ce loubuca 26=56 Insccts & zooplankton ﬂ&éy-
%, DO, bacails 25=247% ¥ Megch
L B. bendelisis 39=47% Insects _ &

5. Be barila 20=50 Insects & zmooplankton =

6. E. danrica 40=60 Algoe & diatoms m

T R. daniconius 45E=65 Algaec & insccts =

8., L. mola 25-70 Algae July=Auge
9. P. sophore 25=59 Algae & diatonms -

190 9.1 reba 30—55 n =

i by (5 O. cotio 20-75 Insects & zooplankton Dec.to

Feb. 9 April,
12, C. latius 40=6T LAlgae & diatoms July & Aug
Tatius o -

13. G. giuris 12«60 Insects & zooplankton -

14 . We attu 3340 Insccts -

15. N.notopterus A0=65 Insects & zooplankton -

16, N. chitala 140=95 g -

17 C.marulius 100=~160 Insects -

* ITrrespective of ecologicgl populations



18.5 Ein glipping

During October/November 1973 and March 1974,
fins of 1120 fingerlings of major carps as per details .
given below. were clipped and the fingerlings released in
the reservo;r for dlrect observatlons on growth.

: SEGQIBS 3 ;I No.of fingerlings
C. catls ' 875
L. xrohita 131
Lo basu 21
Ce 93

F
=
O

However, no recoverles were made and hence no
conclus;ona could be drawn.

19 STOCK STRENGTHENING OF MAJOR CARPS

With a view to improve and strengthen the stocks of
Indian major carps, the reservoir was stocked from 1963=64
to 1971=72 at a sufficiently high rate which worked out to .
about 25 fingerlings/ha but the stocking of the fingerlings/ha
was of a very low order from 1972=~73 to 1975=T76 being 3 in :
1972=T35y 2 in 1973=T4, less than 1 in 1974~T75 and 3 in 1975~T6.
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il SUMMARY

Rihand reservoir, formed with the impounding of
Rihand river at Pipri (District Mirzapur, Uttar Pradesh),
in 1962 is a hydel project having an average water area
(FRL_+ DSL) of 30,148 ha.

: 2

= Average maximumoair temperature at Rihand ranged from
2g 70 EJanuary) to 450.8 ¢ (June) and the minimum from

6«3 C (January) to 25 .6 C (May); total yearly rainfall from
107+45 to 260.91 cm; average wind velocity from 1.06 to
1.98 kn/bp and, yearly average water leveél from 248,22 m
(1974-75) to 258.43 n (1976-7T). ' ‘

Yearly water inflow in the reservoir varied from
2.650 mea.fte (1974=T5) to 7.232 m.a.ft. (1977=78) . The

poor inflow in 1974-=T75 is the lowest recorded so far since
the construction of the reservoir; the average water -capacity
varied from 3.05 m.a.ft. (1974=75) to 5.53 me.a.ft. (1975=76);
and, the water outflow from the reservoir fluctuated between

25,50,217.  cusececs (1975=76) and 73,91,124." cusecs (1976=T7) «

Loss of water through evaporation was maximum in
lugust=September (0.054 m.a.ft.) and minirmum in December
(04010 meaefte) o

Reservoir basin soil has medium organic carbon
(0+08=1.13%) ; but poor available nitrogen (15.5=30.5 mg/100 g)
and available phosphorus (1.1=2.3 mg/1OO g). The nutrient
status of soil is higher during post=-monsocon than pre-monsoon
period. Clay content (40-75%) is guite high in the reservoir
and increases considerably after rains.

Water quality of the reservoir is gao® in xrespect

of PO,~P (0.079 ppm) but medium in NO.=N (0.383 ppm). Total
elkelinity (43.87 ppm), totel hardness (15.7 ppm) end

specific conductivity z92.24 micro/ﬁhos/cm) are below average
and the reservoir is therefore categorised as low produc—

tive. Though the reservoir shows strong thermal stratification
(May) s chemical stratificotion (June) is weak and near
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uniforme. The Lotic sector is comparatively chemically
rich and the nutrient status of the water rather high
during summer.,

Both thermal and biochemical stratification of the
reservoir get broken.in July by the monsoon inflow. In

years marked by low rainfall the thermal and chemical
homogenisation is caused by convection currents as evidenced
in November/Deoember. A high oxygen content at the bottom
(3e4 ppm and above) shows the absence of decomposing organic
matter and poor biota.

Low rate of organic production confirms the chemical
deductions on productivity. Low values of primary production
(gross 38T7.04 and net 16144 ng C/m2/day) are attributed

as much to high clay turbidity of water as to low level: of
nutrients.

“Phytoplankton is mainly contributed by surface alga,
Microcystises Zooplankton is represented by copepods,
cladocerans and rotifers. The phytoplankton population of
the reservoir was the highest in 1976=T7 and lowest in
1973=7T4 and seem8. to be regulated by free CO, content of
inflowing water during monsoons. Sectoral distribution of
planktonic groups was noted, phytoplankton being important
in Lentic, phyto-zooplankton in Intermediate and =zooplankton
in the Lotic sector. Plankton concentration was higher
along the northern bank of the reservoir owing to its favoura=-
ble topography.

Benthic biota is wvery poor and is represented mainly
by diptaran larvae (Chgoborus and Chironomuss and oligochae=

tes. During monsoon, benthos predominates in Intermediate
and Lentic sectors while it dominates in the Lotic sector
during periocds of low turbulence.

Periphyton is scarce during monsoon owing to water
turbulence but appears during postmonsoon months, when the
reservoir is calme It is mainly represented by QOscillatoria
and its yearly abundance parallels that of plankton.
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Aquatic plants do not occur due to cyclic shaxrp
fluctuations in water level resulting in exposure of far=
ginal areas.

Survey of fish fauna shows the presence of 44
species belonging to 33 genera and 13 families in the
reservoir. 8ix of these species are new records.

Major carps spawn during monsoons in the Lotic
sector but their breeding success largely depends on the
monsoon inflow during July. Limited spawning habitat and
competition between species of major carps for spawning are
factore contributing to uni-species dominence by C. catlg in
the reservoir and occurrence of catla x rochu hybrids.

S Fishery of the reservoir progressively improved from
1972=73 (6.11 keg/ha) to 1974=75 (10.91 kg/ha) following
increased fishing effort. However, despite the highest
fishing effort in 1979-80 the landings were poor (4.9 kg/ha).
This decline was due to the dominance of the fishexry by a
single species viz. C. catla and failure of its breeding

in earlier years and restriction of catsh: to a single age
group .

Catla is the most dominant species in the reservoir
and is reprecsented by higher size groups due to selective
modec of commercial fishing with gill nets of larger mesh
bars (150=170 mm). The diversification of mesh bars and
resultant reduction in large mesh bars are among factors
that led to decrease in the percentage composition of
Ce catla from 99.2% (1971-72§ to 84.2% (1979=80) «

Experimental fishing conducted by the U.P. State
Fisheries Department has shown poor stock strengths of

Le rohita, L. calbasu and C. nrigala as compared to that of
Ce catla. This observation is also supported by poor re=
cruitment of the first three spccies.

The unispcecies fishery of C. catla comprised three
ecological populations which arc identified by the length
of pectoral fin. Of these populations, Catlag with short
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(PS) and medium (P,.) pectoral show apparent preferences to
Microcystis while long pectoral (P.)fcr zooplankton.
Suitaebility of Catla PM) and (P.)” for stocking reservoirs
dominated by Microcystis is indicated.

Biological studies on catla x rohu hybrids reveal
their preference for Ceratium and faster growth than

L. rohita and their importance in stocking Ceratium=-
dominated reservoirs is self-evident.

Stocking of the reservoir by the State Fisheries
Department during the period 1972-=T3 to 1975=T76 was of a
considerably low order (1—3 fingerlings/ha) and such
attempts are not likely to yield any results.
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22 RECOMMENDATIONS

(i) Taking the yearliy fluctuations in yield
which is largely made of C. catla to the extent of 87=29%
and catch unit effort index into consideration, it is
obvious that the stock abundance in the reservoir is
subject to considerable recruitment variasbility. Recruit=-
ment in respect of mrigal, rohu and calbasu aré poor and
this is reflected in their poor catches in experimental
trials using smaller mesh bars. Brecding and recruitment
success in Catlas depend on monsoon inflow, especially in
July and recruitment was poor in 1972 and 1973 when there
was poor water inflow in that monthe. Since the catch is
made of a single species and a single age group, recruit-
ment failure is reflected in yield failure markedly in
certain years. Stocking support for strengthening Catla
stocks is thereforec esscntial.

(34 Abundance of periphyton and other benthic
forms favour stocking of L. xrohita, L. calbasu and C. mrigala
and Ce. carpioc. However, these may be only moderately
stocked since benthos and periphyton occur only in moderate
scale in the rescrvoir.

Primary production studies indicate that the reser-—
voir is capable of yielding a production of 40 kg/ha
(1200 t/yr e To realise thisy it is recommended that stock
diversification measures be taken up to obtain higher yields.
As such and in the context of ecological considerations,
stocking of L. xohita, L. calbasu and C. mrigala is re=
commended..

(iii) Studies on breecding and recruitment have shown
that the rccruitment of Ce mrigala and L. calbasu is :
moderate while that of L. rohita almost negligible. It is
therefore recommended that stock building of these species
may be taken up in a planned manner on a regulaor basis with
large=-sized fingerlings (150 mm=200 mm) to escape pra=
dation by We attu and S. silondia which are abundant in the
reservoir.
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(iv) Though species composition on stocking is not available
but stocking at 25 fingerlings/ha during 1963=64 to 1971=72
seems to have had its impact on yield, However, low stocking
at 1=3 fingerlinga/ha during 1972=73 to 1975=T6 hag resulted
in poor yields. Stocking at 50 fingerlings/ha in the ratio
of 2 Catla : 3 L, rohita : 1 C, mrigala : 2 L. calbasu is
recommended to realise optimum yields from the reservoir,

(v) Fishing effort in terms of absolute annual fishing
units during 1972«73 to 1979=80 varied from 75,285 units
(each unit of 50 m net length) to 246,063 units, of which the
highest yield of 328 tonnes was obtained with an effort of
147,375 units (50 m net length). It is recommended that the
effort be maintained at 150,000 units (50 m net length) for
the present if Catla contlnues to be the dominant species in
the catch and the size range of catch remains unaltered, The
effort needs to be modified in qualitative (mesh) and quenti-
tative terms if management is altered to the multi-species
system,

(vi) Fishing effort, as at present employed, is concentra-
ted on fishing large-sized Catla only. Since Catla breeds
in the III year when it is about 550=650 mm/3.,5~5,7 kg in
weight and as its growth rate declincs from IV year onwards
when it attains 2 length and weight of T25-800 mm/8-10 kg,
catching large=sized Catla weighing 15=25 kg is not sound in
biological terms. Deptherelated buoyancy factors goverming
size at capture preclude adoption of such a rational policy.
Till an effective gear is developed or the existing gears - ;
‘improved that takes all size groups relevant to reservoirs,
Central Institute of Fisheries Technology may provide exper-—
tise in this regard,

(vii) Experimentel fishing has shown that Se silondia and

We. attu have a potential of fishery of some importance in the
reservoir, It is suggested that long line operations on a
commercial scale be undertaken to selectively remove the
large-gized predators and thus augment the total yield., This will
also ensure better survival for carp young ones., Liberalised
fighing without closed season using long lines is recommended

for cat=fisghes,

(viii) Based on morphological, morphometric and anatomical
variations, the Catla stock of Rihand reservoir has been

shown to comprise of three ecological populations which show
differences in their food preferences and growth characteris—
ticse Two of these viz. Catla with medium and short pectorals
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(PM and P_) prefer Microcystis which is a diffidult-to-digest
food and not wutilised by major carps in genceral, Since Catla
is not only a2 highly priced fish but also the fastest growing
Indian major carp, it is suggested that Catla (P, and P_.) are
induced=bred and the seced utilised for stodklng Mlcroczstls
dominated rescrvoirs and ponds and tanks having pecrmanent
blooms for utilization and control of Microcystis and aug-
mentation of fish production.

(ix) Commercial collecction of carp eggs from the Lotic sector
is undertaken by the State Fisgheries Department. These may

be reared and stocked in thé reservoir to augment stock
otrengthﬁ of economic carps. The State Department may develop
necessary infra-structural facilities such as an indoor
hatchery and a seced farm as poert of reservoir management
complex for fishery development.

(x) ILimited breeding grounds in the Lotic sector result in
production of catla x rohu hybrids which have been found %o
grow faster than the parent rohu. Since the hybrid shows
marked precference for Ceratium it is recommended that it be
utilised for Ceratium=dominated reservoirs as well as ponds
and tanks under culture. So far no other spccies is known
to show such 2 marked preference for this planktcr,

(xi) The cffluents of Kanoria Chemicals Pvt.Ltd., Renukoot

are characteriscd by nlgh chloride and frce chloride content
‘which are highly toxic to fish'and fish food organismsé¢ Absence
of planktonic food and fish mortelity have been recorded. It

is recommended that the monagement be dirccted to discharge

the effluents after proper trecatment so that fish life and
fiseh food organisms in the rescrvoir is not affected.

(Xll) As Microcystis blooms predominate in the Lentic scctor-

+1t is suggestcd that cage culturce of silver carp and Catla

(P and P_) may be undertaken on an experimcntal basis to assess
its commeXrcial possibilities.,

(x111)Thc reservoir is makked by high level of turbidity
reflecting poor soil conscrvation measures in the catchment.
This needs to be correcteqd.
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(xiv) The Fichermen Cooperative Society should also function
ag a marketing society so that the fishermen get a better rate
of emolument for their effort., In addition, the Govermment
may also scale down the royalty rates so that the society

is in a wviable position to pay better wages to the fishermen.
The State Fisheries Department may in turn spend a part of

the royalty for developmental measures like stocking.

(xv) The Fisheriecs Department must have uninhibited

from the reservoir need not be shared with Uttar Pradesh

(i)freedom to develop the reservoir and the fisheries revenue

\

State Elecetyricity Board., However, a2 separate board may be
constituted where the hydel authorities and Fisherics Depart—
ment are represented with the Director of State Figherices

as Chairman so that the hydel authorities may be kept infor-
med of the developmental activities, It would also be
possible for the Board to accommodate the view points of +the
two departments for mutual bencfit of fisheries development
and hydel generation,

(xvi) The development of reservoir fisheries calls for
regular monitoring of yield and effort data, It is recco-
mmended thaot species-wise yield, size and weight composition
.. of various species constituti the catch and detailed
- effort patftern is regularly recorded by the State Fisheries
Department.

. (xvii) The Fishexrmen Cooperative Society should also function
as a marketing society so that the fishermen get a better
rate of emolument for their effort. In addition, the
Government may also scale down the royalty rates so that
the society is in a viable position to pay better wages to
the fishermen. The State Fisheries Department may in

. turn spend a part of the royalty for developmental mcasures
like stockings

(xviii) The Fisheries Department must have uninhibited
freedom to develop the reservoir and the fishories revenue
from the reservoir neced not be shared with Uttar Pradech
QE)Statc BElectricity Board. However, a separate board may be
constituted where the hydel authorities and Fisheries
Department arc represented with the Director of State
Figheries as Chairman so that the hydel authoritics may
be kept informed of the development activities. It
w?uld also be possible for the Board to accommodate +the
view poihts of the two departments for mutusl benefit of
fisheries development and hydel generation.



Fig. 1 A view of Rihand Dam

Figi 2 Office and laboratory of the all India Co-ordinated
Research Project, Rihand Sub-centre
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Fig. 3 Rihand reservoir zonal demarcations and sampling centres




Fig. 4 Lotic sector with clayey bed

Fig. 5 Lentic sector with steep banks covered with forest



Fig.

Operating Secchi’s disc for water transparency
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< Fig. 9 Making vertical hauls with plankton net

- Fig. 10 Centrifugation of plankton samples >




Fig. 11 Ekman’s dredge operation for bottom-biota

Fig. 12 Sieving the bottom samples through
No. 40 brass sieve



Fig. 13 Operation of spawn nets in Lotic sector for recruitment studies

Fig. 14 House-boats and motor-launches for camping and transport of fish catch



Fig, 15 Experimental fishing with gill nets in Intermediate sector
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Fig. 16 Rainfall, inflow, water level and water capacity of Rihand reservoir
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Fig. 17 Thermal stratification in Rihand reservoir



Fig. 18 Discharge of effluents of Kanoria Chemicals
in Lentic sector
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Length-weight relationships of the three ecological populations of C. catla.
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Fig. 23 Food composition of C. catla populations of Rihand reservoir
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