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PREFACE

[t was the first year of 1 1th five-year plan where we projected more prospects in National
and International fisheries sector particularly related to the development of coldwater zones.
As well as a great milestone was achieved in the history of NRCCWF while approving the XI
plan EFC for changing it to Directorate mode. We targeted an outlay of budget three times
more than 10th five year plan with an aim to fulfill the increased research activities mandated
for the Institute.

During the year for the first time we explored a difficult climate zone of Leh-Ladakh for
the fisheries possibilities to the benefit of local inhabitants and the army people. We also
developed and transferred some technologies like mahseer hatcheries and carp farming
suitable in the hill areas. As conservation measures, released mahseer seeds in the Kosi River
under fish seed ranching programme. We also completed successfully some research projects
during the year. We identified some common issues, for the overall change in coldwater
fisheries sector, to work in a partnership approach with five coldwater states namely Arunachal
Pradesh, Sikkim, Himachal Pradesh, Jammu & Kashmir and Uttarakhand. In addition to that in
the coming years we will also participate in some national issues of fish nutrition, feed
development and identification of some Genetic stocks. According to the recent issues and
Institutes mandate we redefined our research projects after inclusion of some specialized
scientists during the year. These projects were approved through Research Advisory
Committee (RAC) and in-house Scientific Research Council (SRC).

During the year we organized ICAR Mega seed workshop under the Chairmanship of
Hon'ble DDG (Fy). We also successfully arranged several training programme for the
scientists, officers and farmers. Our scientists participated in several national and international
training, workshop, seminars and own several awards and honors. It was the constant efforts of
scientists and all staff of this Institute that made it possible for such progress and
achievements. The continuous support, guidance and encouragement received from
Dr. Mangala Rai, Secretary DARE & Director General, ICAR, Dr. S. Ayyappan, Dy. Director
General (Fisheries) and Dr. V.V. Sugunan, ADG (Inland Fisheries) is recorded with sincere
thanks and gratitude.

Thanks are also due to Drs. R. Kapila, A. Barat, Senior Scientists and Mr. A. Nayak,
Scientist, SS in bringing out the Annual Report. The efforts made by Mr. Amit Joshi, T-4, for
Hindi version of the report and assistance rendered by Dr. G. K. Sivaraman, Scientist,
Mr. Vijay K. Singh, T-3 and Mr. Amit K. Saxena, T-3, Mrs. Susheela Tewari, PA to Director, is
alsorecorded with appreciation.

P.C. Mahanta
DIRECTOR
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EXECUTIVE SUMMARY

The National Research Centre on Coldwater
Fisheries (NRCCWF) was established in 1987
by the Indian Council of Agricultural Research
(ICAR) for providing research inputs towards
aquaculture and aquatic resource management in
the hill regions of the country. The mandate of the
Institute includes assessment of the hill fishery
resources in Indian upland regions for formulating
ecological management plans to achieve
sustainable fish production, including sport fishery.
Besides, the Centre is also mandated to develop
aquaculture technologies for major coldwater fish
species with particular reference to trouts,
mahseers, snow trouts and carps specific to
different altitudinal zones. The institute is also
involved in conducting frontline demonstration
programmes and educational training in hill
aquaculture and aquatic resource management in
co-ordination with other organizations. During the
year under report, the research was conducted
through eleven institutional projects including one
ICAR-Mega seed project.

Openwater Fisheries

In open water fisheries, coldwater fishery
resources of Uttarakhand were characterized
using GIS and remote sensing. Based on satellite

Line fishing in Sarda Sagar

imageries the perimeter and area of reservoirs
were ascertained. This year rivers and reservoirs
of Uttarakhand state were analyzed by field
surveys as well through GPS or digitization from
the related topomaps. The important reservoirs
of the Tarai region are Tumuria, Haripura, Baur,
Baigul, Dhaura, Ramganga Sagar (Kalagarh
Dam) and Nanak Sagar. Most of them are located
in Bhabar and Tarai belts of the State. On the
other hand, 22 major rivers have been identified
from the remote sensing data and are digitized.
Their total length is calculated as 6105 kilometers
while the effective length is only 2219 kilometers.
Moreover, detailed studies on spatial database
on fisheries resources of Sarda Sagar reservoir
were also conducted and attempts were made to
link the physicochemical parameters of reservoir
with the respective satellite images that would be
useful in analyses of the productive/nutritive zone
of the reservoir. Fish fauna of Sarda Sagar was
also identified by ground survey and about 15
families of fish were recorded of which Clupedae,
Bagridae, Siluridae, Ophicephalidae, Cyprinidae
and Belonidae were dominating. Required satellite
data (IRS LISS III) have also procured and
studied to analyze sedimentation rate of the
reservoir. Data on species belonging to different
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families were also computerized in the form of
database.

A group of scientists also conducted an
exploratory survey on fish and fishery resources
in Leh-Ladakh region during 12-19 December
2007. Various fish farms, Sindhu river sites were
surveyed and their fish composition, physico-
chemical parameters of water and dominant
species of phytoplankton were recorded. Fish
samples were also collected for species
characterization using conventional and molecular
approaches.
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Recording of water temp. at Sindhu river

Collection of tissue samples at Leh

Under multivariate statistical analysis of water
quality data, factor and cluster analysis have been
applied to data set of water quality parameters
obtained from secondary data of Gaula river of
Uttarakhand. It reflected the usefulness of factor
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analysis for evaluation of pollution sources and
helped in interpretation of large complex water
quality data set for effective management of water
resources. Further, this statistical technique proved
suitable for identifying the significant sources of
water quality inputs at the cross section of the
river. Animal waste discharges and wastewater
discharges are probably the important sources of
pollution to Gaulariver. The cluster analysis results
on sampling times depicted three possible
associations though seasonal effect on water
quality was not clearly seen in this river system.
Further, it was concluded that the water qualities
at two of the selected sites were almost similar
while the third sampling site had distinctly ditferent
characteristics. Thus, spatial and temporal
variations were seen in water quality of Gaulariver.

Aquaculture

With the aim to develop cost-effective feeds
for indigenous upland fishes dietary protein, lipid
and carbohydrate requirements of Himalayan
golden mahseer were determined. Evaluation of
the inclusion levels of the locally available
indigenous plant protein sources in feed of golden
mahseer was also carried out during this period.
For this purpose, effect of raw and processed
horse gram and black soybean were visualized.
Further, it was observed that horse gram and black
soybean can be incorporated in the golden
mahseer diets up to 10% and 30% levels
respectively. However, it is advantageous to use
heat-treated components over the raw forms as
heat treatment denatures the anti-nutrients present
in them.

Under induced maturation programme of
indigenous coldwater fish species, Tor putitora
were stocked @ 1 fish/m?in two ponds having
an area of 95 and 104 sq. m. with an average
weight of 50g (Av. T.L 171mm) and 183 g (Av.
T.L.280 mm) respectively. The hormone namely
methyl testosterone (MT) was also added in
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Maturity confirmation of mahseer brooders

formulated feed from March 2008 for the stock
having age above 3 and 4 years. Regular
observations indicated that fishes were maturing
which would attain prime maturation in May to
June 08 and could be induced for spawning.
Similarly the fish stock of snow-trout was being
reared in 3 nursery ponds (15m?) at Champawat
@8(18g), 11.3(57 g)and 5.3 (85 g) fishes/ m?
respectively since October 2005. After 3 years,
fishes have attained average weight of 47,93 and
118 g respectively in these ponds. The fishes
having 3+ years age indicating
maturity and would be induced to
spawn in coming season. Fishes
were growing well in ponds @ 4.4—
4.9 g/month. On the other hand,
liver samples from matured
Schizothorax richardsonii
(T.L.240-255mm) females
weighing 75-133g were obtained
from river Kosi. Their
gonadosomatic index was
calculated and vitellogenin (Vtg)
levels were determined after
standardizing ELISA technique
using antibodies raised against carp

vitellogenin in rabbit. The sensitivity
of ELISA was observed from
10-100ng Vtg.

Under aquaculture, cage
culture of fishes (golden mahseer
and snow trout) were carried in
floating raft type wooden frame
cages having high density poly
ethylene webbing in subtropical
Himalayan lake of Bhimtal.
Experiments were carried out on
mahseer and snow trout. These
two species of coldwater were
stocked in four cages separately
wherein two length groups were
reared separately. One cage was
treated as control for each group and fish in rest
of the cages were provided with artificial diets
prepared at this Institute. About 350 fish were
stocked in each cage @ about 40 fish per cubic
metre area. These experiments were carried out
for three months. After three months of
experiment, 1029¢ of final fish biomass was
harvested with individual fish weight as 6.1-7.5g
(av. 6.9¢), in cages stocked with smaller sized
fish. Forother experiment, slightly bigger size
golden mahseer was stocked in size ranging

Cleaning of cages installed at Bhimtal Lake
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5.8-6.5g (av. 6.1g) at the rate of 350 fish per
cage with initial total fish biomass of 2135g. Since
these fish were bigger in size, the rate of survival
was better in control (49.7%) as well as in treated
cages (67.1%). The values for total final tish
biomass as 1810g with individual fish weight as
8.3-11.9¢ (av. 10.4g) in control group while in
treated cages final fish biomass was recorded as
4536 g with individual fish weight, 18.2-21.3g
(av. 19.3g) respectively. Similarly, in another
experiments two size groups of snow trout
Schizothorax richardsonii were reared. Smaller
size snow trout with weight range 2.7-3.8g (av.
3.2g) with total biomass of about 1120g were
reared for three months. It was observed that fish
in control cages grew from 3.20g to 3.80g
showing monthly growth of 0.20g with survival
of 51.70% while their growth was better in treated
cages being 0.57g per month with improved
survival of 69.00%. The experiments conducted
with bigger size fish (individual weight ranged 4.8-
6.7g) grew to 6.4-7.8g (av. 7.1g) in control cages
and 7.8-9.7g (av. 8.9g) in treated cages after three
months.

Genetics & Biotechnology

Under biotechnology programme of the
Institute, two research projects have been
executed. In order to understand the biochemical
mechanism of cold tolerance in a coldwater fish,
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measurement of organic osmolytes (glucose, urea,
glycogen, lactic acid) in blood plasma of test fish
were carried out. Moreover, standardization of
ELISA for measurement of HSP-70 (Heat Shock
Protein) and the impact of cold on this protein in
muscle tissue of S. richardsonii were also
studied. Genomic DNA from this prized fish of
Himalaya was isolated and PCR amplification of
anti-freeze gene was attempted using primers
based on winter flounder anti-freeze sequence.
In second programme, eleven random primers
were employed to screen RAPD markers in the
four commonly available coldwater fish species
viz., Tor putitora, Schizothorax richardsonii,
Raiamas bola and Garra gotyla trom the natural
water bodies of the Himalayan region. The data
generated can be utilized for construction of
phylogenic tree between the various Himalayan
fish species to establish the genetic relationship
among them.

Mega Seed Project

Under the ICAR mega seed project seed
production of mahseer in 2007-08 was 75000
compared to 25000 in 2006-07. Seed
production of common carp 15 lakh spawn and
5 lakh fry in 2007-08 compared to 10 lakh spawn
and three lakh fry in 2006-07 respectively.
Breeding of rainbow trout in comparatively
warmer waters of mid- altitude region has also
been attempted.

0.137 S.richardsonii

0.296 T.putitora

1.0

0.197 Garra sp.

0.028

0.271 R.bola

Construction of Phylogenetic tree (TDRAW V1.14)
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Mahseer seed

Partnership & Linkages

The center is doing its best efforts for
developing close liaison with the Universities, State
Fisheries Departments, agencies, authorities and
the locals in North Eastern Hill (NEH) region of
the country, who have common interest and stake
in coldwater sector development with aim to
prepare a blue print for coldwater fisheries
development activities in this area. The
“Composite Carp Farming Technology” involving

three exotic Chinese Carps namely grass carp,
silver carp, common carp @ 3-4 fishes/m?ina
combination of 40-45%, 20-25% & 35-40%
with 10% either Rohu/Chocolate Mahseer
respectively providing supplementary feed @
2-3% of body weight of fish on daily basis and
fertilization with lime and only organic fertilizers
@ 9000 kg/ha is presently being demonstrated
in NEH region.

HRD & Technology Transfer

The staff members of the Institute both
scientific and technical including administrative
staff were deputed for various training
programmes within the country as well abroad to
enlighten them about the new developments in their
respective fields. Scientists of the Institute also
participated in various seminars, symposia,
workshops and conferences and presented their
scientific achievements. The Institute also imparted
training to fish farmers of the Uttarakhand state
and NEH personnel on the different aspects of
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coldwater fisheries resources; coldwater fish
culture, breeding, disease management, the crafts
and gears used in coldwater fisheries, etc. In the
mass awareness programme of the Institute the
scientists appraised the local masses, visiting
students, dignitaries, etc. about the different
aspects of coldwater fish and fisheries.

The meetings of the various committees of
the Institute viz., Research Advisory Committee,
Staff Research Council, Official Language and

i A

Training to farmers of NEH region
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Institute Joint Staft Council were held as per
schedule. The respective committees discussed
the various agenda items and provided guidelines
for the proper management and smooth
functioning of the institute and research activities.

The NRCCWF family is representative of
the diverse cultures of the country and each
member participated in celebration of various
national days, events and genuine spirit of
communal and cultural harmony.
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A group of trainees from NEH region
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INTRODUCTION

Indian Council of Agricultural
Research (ICAR) established the
National Research Centre on
Coldwater Fisheries (NRCCWEF) on
September 24, 1987. The main
objective of its establishment was to
strengthen fishery research in
coldwater sector, encompassing the
Himalayan and Peninsular parts of the
country. The Centre was shifted to its
own campus at Bhimtal Industrial area
w.e.f. September 05, 2003 from the
rented buildings. The Institute has a
field centre located at Chhirapani in
the district Champawat of Uttarakhand state
which is operating from January, 1992.

Location

The headquarters of NRCCWF is located
at Bhimtal at an altitude of 1470 msl in the district
of Nainital of Uttarakhand State. It is about 25
km away from the famous tourist place of
Nainital. The nearest railway station is
Kathgodam, which is about 280 km from Delhi.
The nearest airport is Indira Gandhi International
Airport, New Delhi. The experimental field station
of the Institute at Chhirapani in Champawat district
of Uttarakhand State is about 150 km from
Bhimtal.

Faculty

The Institute has thirteen scientists. There are
three Principal Scientists (one as per sanctioned
cadre and two from career advancement scheme),
six Senior Scientists, two Scientists (Senior Scale)
and two Scientists. More than 50% of the
sanctioned scientist’s posts are vacant.

LT

FIrTes

Management

A high-powered Research Advisory
Committee (RAC) guides the Centre on planning
research in thrust areas and on new initiatives.
The RAC also evaluates and monitors the
progress of research activities. The Management
Committee (MC) constituted and mandated by
the Indian Council of Agricultural Research under
the chairmanship of the Director, supervises the
Centre. A number of internal committees, such as
Staff Research Council, Official Language
Committee, and Institute Joint Staff Council are
in place for decentralized management.

Mandate

e To conduct basic, strategic and applied
research in coldwater fisheries and
aquaculture.

® Todevelop stock management models and
culture technologies for major coldwater fish
species.

e Tocreate awareness and provide training and
consultancy.

11
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The organizational set-up

The institute is now functioning from its own
new complex constructed at the Bhimtal Industrial
Area. A pilot scale mahseer seed production unit
is also operating at Bhimtal on the land belonging
to the State Fisheries Department, which in
addition to the mahseer hatchery houses a
laboratory which provides back-up facilities to
seed production activities of the Centre. The
Centre has an experimental fish farm facility at
Chhirapani in Champawat district of Uttarakhand
State which has trout hatchery, cemented
raceways for nursery and brood stock rearing and
few circular iron tanks for conducting yard trials
on various culture aspects of the indigenous and
exotic fish species.

A separate cell called the Project
Implementation and Monitoring Cell monitors the
implementation and progress of research project
programmes being conducted by the Centre. This
cell annually organizes the meeting of Staff
Research Council (SRC) to evaluate the progress
made in each research project and accordingly
approves the work programmes for the current
year. The new proposals are also approved by
the SRC after thorough
evaluation of the objectives,
practical utility, manpower
support and financial
involvement. The cell is also
responsible for maintaining
records of project reports
through RPF system.

The technical cell has
given the responsibilities of
dealing with all technical
matters within and outside the
ICAR system. This cell takes
care of the training
programmes, deputation,
participation of scientists in

Book display for library subscriptions
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seminars, symposia, workshops, meetings, etc.,
and organizing of conferences.

The library of the Centre during the year
subscribed about 25 National and International
journals. The current holding of the library includes
1751 books, 1792 foreign journals, 381 Indian
journals and 3000 other publications. The library
provides services to the scientists and other staff
members of the Institute apart from scholars,
researchers, students and other persons from local
organizations interested in scientific literature on
coldwater fisheries and allied subjects. The library
section has now upgraded CD ROM facilities on
aquaculture, fisheries and aquatic science by
procuring CD ROM. The library section is further
continuing its efforts in collection, processing and
disseminating scientific/ technical information to
the potential users. The library automation has also
been completed. Four online foreign journals have
also been subscribed by this institute for the year
2007-08.

The institute publication section is entrusted
with the responsibility of publication of scientific
bulletins, brochures and pamphlets. During the
current year this section published two bulletins
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in addition to annual report and newsletters of
the Institute.

The ARIS Cell of the institute is established
inits new complex at Bhimtal. The Cell is now
providing the VSAT Internet/email, scanning,
printing facilities for official use of scientist/staff
of this institute. The Internet facilities were
provided to all scientists, AAO, AF&AOQ, Library
and Director Cell for its efficient use. The LAN
connectivity has also been established for
information sharing in the new complex of the
Institute. The institute is also well equipped with
modern plasma display/LCD projection facilities
required for the meetings.

The website of this institute has been
upgraded regularly by ARIS Cell. It contains
relevant information about the
Institute, photographs of the
Institute’s complex, various
laboratories, experimental fish
farm/ hatchery at Bhimtal and
field station Champawat, the
mandate of the institute with
organizational structure and
manpower. The website also
contains the information about
the institutional projects and
externally aided projects and
their achievements. The major
achievements of the Centre,
the technology generated,
consultancy services and
angling information is also
being incorporated in the site. Further, the ongoing
and forthcoming training programmes, seminar /
symposia conducted by the institute, recruitments,
tender notice has also been reflected in the
website. The NRCCWF’s website finds a place
in the Indian Council of Agricultural Research
(ICAR) website with the address: http://
www.icar.org.in/nrccf

The Institute has well equipped Biochemistry
& Biotechnology, Fish Nutrition and Transfer of
Technology Laboratories. In addition to these
laboratories Institute houses one Wet laboratory
equipped with flow through troughs for installing
physiological experiments and nutrition trials.
There is one trout feed mill also installed at main
campus of Institute at Bhimtal to meet routine
requirements of fish feeds.

The Extension wing carries out the various
extension activities of the Institute such as transfer
of technology programmes, organizing the
exhibitions, training programmes and other
activities related to farmers.

The Institute has recently initiated IPR
(Intellectual Property Rights) cell. The cell is

Display of ARIS Cell activities

responsible for providing information about ICAR
guidelines on IPR issues. Trainings to the
concerned scientists have also been given
regarding IPR issues. The ITMC has also been
constituted under the chairmanship of Director for
dealing with patents and other intellectual property
rights to recognize technologies developed at the
Institute and their safe transfer.

13
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Staff strength as on 31.03.2008

Category Sanctioned Filled Vacant
Director (RMP) 01 01 -
Scientific 30 13 17
Technical 14 13 1
Administrative 11 11 -
Supporting 14 13 1
Total 70 31 19

ORGANOGRAM

Director General, ICAR

Deputy Director General (Fisheries)

Research Advisory
Committee

Institute Management
Committee

l l _

Hill Hill _ Frontline : Experimental | Establishment
o B i Farm
‘ | Hatchery Audit &
: : ARIS Cell Management Accounts
SUNBEORE) | g poicntal | Dyenalon :
A, Oflndl enous & ! mnms
Man agement lii:mtitig species Tecchnlilcal s;%re?/
e icle
Lake Ecolc Nutrition & feed :
Bt Bill & Cash
Health
Management ANEH'
ok Activities
&Geo- | Gepetics and Works/Others
information Biotechnology
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BUDGET 2007-2008

Financial Statement Abstract

(Rupees in Lakhs)
Year Funds Non- Expenditure Funds Plan Expenditure
Plan Non-Plan Plan
2004 - 2005 113.81 98.41 136.00 134.80
2005 - 2006 124.03 117.68 235.98 235.90
2006-2007 124.50 116.21 192.91 186.26
2007-2008 146.00 142.40 208.00 207.65

Budget Statement for the Year 2007-2008

(Rupees in Lakhs)
Budget (R.E) Expenditure
Head of Account
Plan Non-Plan Plan Non-Plan
Pay & Allowances 0 106.10 0 103.21
Traveling Allowances 10.00 2.00 9.98 2.00
gq“f,?;ﬂ’,fég“ Hehding 185.00 17.20 184.69 16.75
Information Technology 10.00 0 9.99 0
(a) Major Works 0 0 0 0
(b) Repair & Maintenance 0 20.70 0 20.44
Other items Fellowship/ 0 0 0 0
Scholarship/ Awards
NEH 0.00 0.00 0.00 0.00
Grand Total 208.00 146.00 207.65 142.40
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RESEARCHACHIEVEMENTS

Open Water Fisheries

Characterization of Coldwater Fishery Resources of Uttaranchal

and Development of Computerized

PROJECT CODE RAEM/B/0018
PROJECT TITLE

through Geoinformatics

Database on Coldwater Fishes of India
SCIENTISTS

Remote sensing satellite images of different
dates of IRS-1C LISS III for the year 1997 and
IRS-P6 LISS I for the year 2004 were procured
in order to characterize the water resources of
the Uttarakhand State.

Lakes of Kumaon Region

Bhimtal, Garudtal, Khurpatal, Nainital,
Naukuchiyatal, Sattal, Shyamlatal and
Hanumantal are the major lakes found in the
Kumaon region. The total water spread area
covered by these lakes was observed as 197
hectares in 1997 and 185 hectares in 2004.

Lakes of Garhwal Region

Arwatal, Bajwarital, Gandhi Sarovar,
Hemkund, Kashnital, Kholiyatal, Lamatal
(comprised of five small lakes), Nandikund,
Panyatal and Sastrutal (comprised of seven small
lakes) are the major lakes in Garhwal region. The
lakes available in this region are numerous but
they are not as bigger as lakes of Kumaon region
and it is difficult to assess their depiction on the
LISS Il image. Therefore, field truths have been
collected for some of the lakes located in Garhwal
region. The area of the lakes is either analyzed
through Global Positioning System (GPS) or
digitization from the related topomap. The total
water spread area of the lakes was observed as
58 hectares.

Prem Kumar, Ashok Kumar Nayak, N. Okendro Singh

Reservoirs of the Uttarakhand State

The important reservoirs of the Tarai region
are Tumuria, Haripura, Baur, Baigul, Dhaura,
Ramganga Sagar (Kalagarh Dam) and Nanak
Sagar. Most of them are located in Bhabar and
Tarai belts of the State. Apart from these, Sarda
Sagar is another important reservoir that falls in
Uttarakhand and Uttar Pradesh (UP). Major
portion of the reservoir falls in UP. The total water
spread area of the reservoirs including Sarda
Sagar was 18139 hectares in 1997 and 17875
hectares in 2004. Sarda Sagar was 5628 hectares
in [997 and 4856 hectares in 2004. However,
water spread area of Sarda Sagar falls in
Uttarakhand was only about 724 hectares in 1997
and 719 hectares in 2004.

Rivers of the Uttarakhand State

There are 22 major rivers, which have been
identified from the remote sensing data and are
digitized. Their total length was calculated as 6105
kilometers while the effective length was only
2219 kilometers.

Creation of Computerized Database

The database on coldwater fishes of India
was developed in Visual Basic 6.0 and MS Access
2000 sottware. The database contains information
about all 258 coldwater fishes of Indian uplands.

16
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The database has different modules for coldwater
fishes such as general classification, distribution,
picture of fish species, distinguishing characters,
fisheries information, references, present status
and commercially importance. Another module
was developed which contained information about
persons/groups working on the particular species.
Searching of species through its scientific name,
common name or through family/group is now
possible through this database.

Database updating is an ongoing process,
therefore the software is designed in such a way
to modify, add the new information on the fish
species as and when available. The database is
being updated regularly with the information of
the fish species from literature/primary/secondary
sources.

The CD on database of coldwater fishes of
India along with details of principal game fishes,
role of sport fishery in development of tourism
and principal fishing sites in different riverine
ecosystems will be made available to the readers,
researchers, anglers and other Government
agencies.

Spatial database was made on Fish and
Fisheries of Sarda Sagar Reservoir in Terai Region
of UP and Uttarakhand.

Fish fauna of Sarda Sagar belong to 15
families of which Clupedae, Bagridae, Siluridae,

Classified Image October 2006

Ophicephalidae, Cyprinidae and Belonidae are
dominating.

Required satellite data (IRS LISS III) were
procured and study is in progress to analyze
sedimentation rate of the reservoir. Water samples
were also collected monthly for analyzing physico-
chemical parameters.

Exploratory survey on fishery
resources of Leh region

A team of Scientists namely Dr. Rajeev
Kapila, Dr. A. Barat and Shri Prem Kumar were
deputed to conduct an exploratory survey on Fish
and Fisheries Resources of the Leh Region during
December 2007. The scientist could visit to only
some important places due to extreme cold climate
during the period.

Leh, the headquarters of the Leh district,
stands at an altitude of 11,500 ft, certainly one of
the highest inhabited spots in the world. The
district is ringed round and criss-crossed by high
mountain walls which intercept the moisture laden
clouds striking against them from various directions
and divest them of the bulk of their wealth of
watery vapor as they travel inward over
concentric rings. According to Cunningham the
dry season of the region is due to elevation and
radiation of heat from the bare soil whereas the
most striking feature in the physical aspect of
Ladakh is the parallelism of its mountain ranges.

Classified Image May 2007
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Water Sampling from the Mighty River “Indus”

Glaciers of perennial snow shimmering green and
giving birth to innumerable rivulets and torrents
on numerous mountain sides while the low valleys
remain uncommonly dry, the rainfall in the region
hardly ever exceeding in the year. The great rivers
which carve deep gorges far below their steep
banks are useless for watering the fields lying
mostly in terrace-like formations one above the
other on mountain slopes and it 1s generally the
mountain torrents issuing from glaciers which are
channeled and trained to irrigate the cultivated
lands.

Existed Fish Farms in the Region
Shey Fish Farm of Leh District

A small fish farm with a total area of | ha.
and water area of 0.5 ha, situated in the marshes/
wetland of Shey village consisting of five ponds
has been established at Shey. The farm is located
at an altitude of 11500 ft above mean sea level.
This farm is not only utilized for rearing exotic fish
species but has played an important role in
developing the fisheries in Ladakh. Apart from
this, it has also served as an acclimatization station
for the fish seeds being brought in from Kashmir
Valley before it is supplied further for stocking
purpose. Experimental breeding of the exotic fish
species like Rainbow trout and carps had been
successfully carried out under local condition.
Thus, showing encouraging result to carry out
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Confluence of Indus and Zhanskar rivers

construction of a full fledge hatchery with the latest
available technology.

Trout Fish Farm at Sindhu Ghat

The farm is located near Sindhu Ghat and
the farm is made in the channel about 10” wide
and 1000’ long and the channel is covered with
the thick mesh wire. The intercepted with the help
of nets that make number of small ponds. The
ponds were stoked with Rainbow trout and
growing well to 80-100 gms in 6 months.

Scientists at Trout Fish Farm at Sindhu Ghat

Trout Fish Farm, Nubra

Situated in the valley of Diskit, Nubra this
farm is one of its kinds in Leh district where for
the first time Trout Raceways were developed to
rear rainbow trout brought in from Kashmir. Apart
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Volvox aureus, Chlorella conglomerata,
Chlorella vulgaris, C. Pyrenoidosa,
Closterium  acerosum, Closterium
microporum, Closterium  simansis,
Closteriopsis longissima, Chlorococcum
humicola, Desmidium spp., Pandorina
granulosa, Pediastrum duplex, Pediastrum
simplex, Selenastrum gracile, Hydrodiction
reticulam, Chaetophora elegans, Oedogonium
spp., Cladophora spp., and Spirigyra
COMMUNIS

Water Sampling at Shey Fish Farm

Bacillariophyceae
from the 06 raceways a hut was also constructed

at the site for the proper watch and ward of the
farm. The first batch of live Trout fish seeds
brought in from Srinagar has been successtully
reared under local condition.

Fragilaria cupucina, Fragilleria pinnata,
Navicula sublinearis, N. Viridula, N.
cryptocyphala, Pinnularia microstatum,
Amphora ovalis, Asterionella formosa,

Location  Place Elevation Date Temp. pH DO CO; Alkali NO; PO,

Name (m) Air  Wat ppm  ppm  nity
: 05 1 { J
I. 34°05°06"N  Indus River 3215 13.12. 60 05 88 120 il 72 Nil Nil
T7°36’30"E (Sindhu 2007 0.53
Ghat)
2.  34°05'6.5"N  Shey Trout 3247 14.12. 20 20 85 92 nil 54 Nil Nil
77°36’35"E Farm 2007 0.66
(Sindhu ¥
Ghat)
3. 34°05’11"N  Shey Fish 3262 | 1402 (=18 | 17 87 | 96 nil 64 Nil 074 Nil
77°36’0.0’E ~ Farm 2007 :
4,  34°09’53’N  Sangam 3075 15.12. 46 06 82 92 nit 70 Nil  0.64 Nil
P L i A (Sindhu& 2007
Jhanskar
5. 34°09’53”N  Nimboo 3070 17.12. 52 -04 8.1 9.6 nil 68 Nil 052 Nil
77°19°59"E~ Bazgo 2007
(Alchi)
HEP*

* Hydro-electric Project

Dominant species of phytoplankton  Cymbella Itinceolata, Diatoma vulgare,

recorded at Shey Fish Farm Pinnularia nobilis, Rhopalodia gibba, Synedra
ulna

Chlorophyceae
| _ Fish species
Ankistrodesmus convoliutes,

Ankistrodesmus falcatus, Chlamydomonas
cingulata, C. globosa, C. Microspherea,

The two varieties of trout’s cultured are the
Rainbow trout (Oncorhynchus mykiss) and

19




)

argarry
ICAR

Brown Trout (Salmo trutta fario). Among the
common carp, Leather Carp (Cyprinus carpio
var nudus), Mirror carp (Cyprinus carpio var
specularis), and Scale Carp (Cyprinus carpio
var communis) are important.

PROJECT CODE RAEM/B/0022
PROJECT TITLE
SCIENTISTS N. Okendro Singh

Water quality data observed for physico-
chemical examination from three difterent sampling
sites at monthly interval from the Gaula River has
been used in this study (see Sunder et al., 1991
for further details of data collection). The three
sampling sites selected were first at the proposed
Jamrani dam site, second at 2 km upstream of
the HMT factory and third at 3 km downstream
of the HMT factory. The data set was analyzed
by SPSS 12.0 version available at NRC on
Coldwater Fisheries, Bhimtal.

Principal axis factoring (PAF) and principal
component analysis (PCA) are the most
commonly used extraction methods for factor
analysis. Moreover, PCA and PAF lead to similar
substantive conclusions for most of the datasets.
For the present data, PAF failed to give factor
solutions. Thus, factor analysis was carried out
using PCA of extraction method. The Kaiser-
Meyer-Olkin measure of sampling adequacy was
0.507 indicating that the present data was merely
tulfilled the criteria for conducting factor analysis.
However, Bartlett’s test of shpericity was highly
significant (p<0.00!), indicating sufficient
correlation between the variables to proceed with
the analysis because the extracted communalities
were reasonably high (say, >0.5) and acceptable.
The first five components in the solution depicted
in Table (1) have an eigenvalues >1 that accounts
for about 81% of observed variation in water
quality observations and the rest being neglected.
According to Kaiser criterion, only the first tive
components should be used because subsequent
eigenvalues were <]. Similarly, Scree plot shown
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in Figure (1) was also observed as a useful tool
to decide number of components.

On the other hand, cluster analysis was used
to group the collected water quality data, where
each cluster indicated the water of a particular

Multivariate Statistical Analysis of Water Quality Data

quality. Figure (3) clearly depicted the cluster
analysis result on sampling times. Broadly, three
associations are evident — the first association
included January through June except March; the
second included March and August; the third
included July through December except August
month. Figure (4) represents the results of cluster
analysts for water quality monitoring data from
different sampling sites of the Gaula River. Two
associations were evident. The sampling sites |
and 2 can be clubbed together, that is significantly
different from the sampling site 3 chosen near
HMT Factory, Ranibagh. This could be
enrichment of water quality due to chances of
effluents from HMT Watch Factory; residential
habitats in and around the factory site; burning of
corpses at the cremation ground near the selected
site etc. Thus cluster analysis result on sampling
times showed three possible associations although
seasonal affect on water quality is not clearly seen.

An interpretation of the rotated five
components in Table (2) is made by examining
the components noting the relationship to the
original variables. Further, it was justified with the
component loadings plot shown in Fig. (2). The
first component explains about 20% of the total
variance (Table 1) with strong positive loadings
of the air temperature and water temperature and
also, strong negative loading of pH. Thus, 1t
basically represented the physical parameters
group. Temperature affected the physical,
chemical and biological processes in water bodies,
and therefore, had an important role in determining
the concentration of various water quality
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Table 1 : Total Variance Explained

Compo- Initial Eigenvalues Extraction Sums of Squared Rotation Sums of Squared
nent Loadings Loadings

Total % of Cumula- Total % of Cumula- Total % of Cumula-

Variance tive % Variance tive % Variance tive %

1 3.691 28.388 28.388 3.691 28.388 28.388 2.608 20.061 20.061
2 3.048 23.443 51.832 3.048 23.443 51.832 2.445 18.809 38.870
3 1.466 11.277 63.109 1.466 11.277 63.109 2.437 18.748 57.618
4 1.230 9.463 72.572 1.230 9.463 72.572 1.730 13.304 70.922
5 1.056 8.124 80.696 1.056 8.124 80.696 1.271 9.775  80.696
6 iy ] 5.960 86.656
7 607 4.667 91.323
8 379 2912 94,235
9 307 2.365 96.600
10 267 2.056 98.656
11 110 .845 99.501
12 .048 367 99.868
13 017 132 100.000

Extraction Method: Principal Component Analysis.

variables. Thus, water temperature could be
considered as an indicator variable of this
component. The second component that explains
about 19% of the total variance (Table 1) has
strong positive loading on chloride and moderate
loading on magnesium and calcium. High chloride
content of water is an index of pollution from
animal origin. Magnesium and calcium are
generally found high when chloride concentrations
are high. Chloride could be considered as an
indicator variable of this component. The third
component incorporates those water quality
variables that are characteristics of wastewater
discharges into the river since it explaines about
19% of the total variance (Table 1) with strong
positive loadings of specific conductance, total
dissolved solids and total alkalinity. Total dissolved
solids may be considered as an indicator variable
of this component. The fourth component had
strong negative loading on dissolved oxygen and
moderate positive loading on flow of water. This
component explaines about 13% of the total
variance. In general, negative loading on flow of

water similar to dissolved oxygen is expected
because, high speed of flow of water, in usual
case, does not decrease the level of dissolved
oxygen. However, oxygen depletion often resulted
during high speed of flow of water exceptionally
in this river. The water flow of this river was quite
high especially during the rainy season wherein
organic matters from various sources were added
to the river water, resulting in depletion of
dissolved oxygen level. After the monsoon months,
tlow of water was gradually reduced from month
to month and dissolved oxygen content
approaches to a stable level based on the volume
of water. Dissolved oxygen content, which
played a vital role in supporting aquatic life in
running waters could be considered as the key
parameter of this component. The fifth component
has strong loading on free carbon dioxide alone
that explained about 10% of the total variance.
This component could be neglected because free
carbon dioxide was not detected during most of
the period at various sampling sites of this tiver
system.
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Table : Rotated Component Matrix (a)

Variables Component
1 2 3 4 5

Air Temperature 920 059 171 107 211
Water Temperature 784 -.128 132 .398 268
pH -750 194 .186 -.054 410
Chlorides .049 .820 160 -.147 021
Magnesium -473 699 071 137 122
Calcium -.004 696 191 .085 -.251
Depth 438 -515 .003 489 -294
Specific Conductance -.091 243 910 .248 -.016
Total Dissolved Solids -.039 191 .895 281 .008
Total Alkalinity 315 -.035 791 -282 .040
Dissolved Oxygen -.193 -.116 -170 -763 -.129
Flow of Water 106 -.602 067 .682 -.130
Free Carbon Dioxide .095 -.065 -.004 .046 .887

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser
Normalization. a Rotation converged in 6 iterations.

. /\

1.0 4

& ,‘1 g .- Chiorides
C

34 a
. ~ 0.5
3 k] spH
El 2 " Corg DO
é 24 8. 0.0 A TDS » «FCO2 *A_Temp
b £ "T_Ak “W_Temp
= 8

05 4 FlowDepth

l_
1.0
e 10 05 g0 R

0+ —~———s 05 4101098 " 3
S R e e S e o B e A C°mponem 1 ComPO“
I 2 3 4 5 6 7 8 9 1011 12 13
Component Number
Fig. (1) Component plot in rotated space Fig. (2) Scree plot of the eigenvalues
Tree Diagram for 12 Variables Tree Diagram for 3 Variables
Ward's method Ward's method
Euclidean distances Euclidean distances
IAN : : - : : T
FEB : ‘ :
APR ; : 3
ek J : » SITE 1
JUN : : : . :
MAR - ; : ;
AUG :_ ; : SITE 2

JUL 3 : : :
NOV 5—1 : : :

DEC . . . g SITE 3
ocT } :

0 50 100 1506 200 250 300

155 160 165 170 175 180 185 190 195
Linkage Distance Linkage Distance
Fig. (3) Dendrogram showing sampling time clusters Fig. (4) Dendrogram showing sampling site clusters
on Gaula River on Gaula River

22




National Research Centre on Coldwater Fisheries

PROJECT CODE

PROJECT TITLE Development of GIS based decision support system for
aquaculture in selected coldwater region

SCIENTISTS Ashok K. Nayak, Prem Kumar & P.C. Mahanta

The spatial decision support system is the
conjunctive application of geographical
information systems (GIS) and decision support
system technologies, aiming to assist in
development of aquaculture in coldwater region.
Coldwater fisheries occupy an important place in
the Himalayan region having abundant aquatic
resources In terms of natural lakes, rivers, streams
and ponds, which hold large population of both
indigenous and exotic fish species. The
combination of computer programming and GIS
can be used as an integrated decision support
system to assess the fisheries resources to derive
strategies for integrated manageinent of the region.
The study would entail use of emerging
technologies viz. GIS and modeling to optimize

[

)Y
‘)I
>

s Rainaga

the use of resources, production system there in
and post harvest programmes, activities for
planning and rational development of the
resources.

Uttarakhand state comprises two major
regions namely Kumaon and Garhwal having total
13 districts. The Nainital district has significant
aquatic resources in terms of rivers, streams,
natural lakes and ponds. Among these available
resources the region has number of natural lakes,
which constitute a valuable resources for
development of aquaculture fisheries. The major
lakes in this district are Nainital, Bhimtal,
Naukuchiyatal, Sattal, Garudtal, Khurpatal and
Hanumantal.

5 10 15 20 25

Kilometers

Fig. 1 : Rivers and streams of Nainital district
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Under the project the IRS-1C LISS 111
satellite images of Nainital district having Path and
Row of 98 & 50 were analyzed. The images then
geo rectified with respective toposheet of Survey
of India and global positioning system. A subset
of study area from remote sensing imagery was
prepared. Toposheets of the study area were
scanned and geo-rectified and were mosaiked as
one scene. A subset of study area was prepared
from the mosaiked toposheet. The subset of
toposheet was digitized to block level for water
resources and infrastructure of the study area. In
this process ERDAS Imagine and Geomedia
professional software were used. The lakes and
rivers/streams are digitized and the area of lake
and length of each river/streams were calculated.
The road network along with fish market, fish
hatchery were digitized on block level.

AQUACULTURE

PROJECT CODE
PROJECT TITLE

AFE/B/0019
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(P<0.05). ADC of crude protein, crude lipid and
gross energy was significantly (P<0.05) higher in
fish fed diet containing 40% protein compared to
fish fed in all other diets.

Dietary lipid requirement of Himalayan
golden mahseer

With increase in dietary lipid content body
lipid increased significantly (P<0.05) upto 15%
lipid level. But with further increase in dietary lipid,
body lipid content decreased significantly
(P<0.05) in fish fed with 25% lipid. Body protein
also exhibited similar trend being significantly
(P<0.05) higher in fish fed 15% dietary lipid and
with further increase in dietary lipid body protein
level decreased signiticantly (P<0.05) for 25%
lipid diet. Body moisture content showed inverse
relation to body lipid as well as protein content,

Evaluation of indigenous ingredients and feed supplements for feed

formulation of indigenous upland fishes of Kumaon region

SCIENTISTS

Evaluation of dietary requirements
for key nutrients

Dietary protein requirement of
Himalayan golden mahseer

The carcass protein and lipid content
increased significantly (P<0.05) with increase in
dietary protein up to 40% level. Body ash content
also increased with increase in dietary protein
concentration to 45%. Moisture content
decreased with increase in body lipid and protein
levels. Crude protein, crude lipid and gross energy
efficiency increased significantly (P<0.05) with
increase in dietary protein level up to 40%.
However, with further increase in dietary protein
level to 45% the values for nutrient and gross
energy efficiency decreased significantly

Yasmeen Basade, Madan Mohan

being lower in fish fed with 15% lipid level. Body
ash also exhibited inverse profile to the body lipid
and protein levels with significantly (P<0.05) lower
value in fish fed 15% lipid. Nutrient and gross
energy efficiency increased significantly (P<0.05)
at 15% dietary lipid level compared to fish fed
with lower level 5% and higher level 25% of
dietary lipid. In fish fed with increasing levels of
dietary lipid ADC of crude protein, crude lipid
and gross energy was significantly (P<0.05) higher
in fish fed 15% lipid level compared to fish fed
with lower 5 and 10% and higher 20 and 25%
levels of lipid.

Dietary carbohydrate requirement of
Himalayan golden mahseer

Body moisture content decreased signiticantly
(P<0.05) with increase in dietary carbohydrate
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level t0 25%. Protein and lipid content increased
significantly (P<0.05) with increase in dietary
carbohydrate level up to 25%. With further
increase in carbohydrate level to 30% body
protein and lipid content decreased significantly
(P<0.05). Ash content was lower in fish fed 25%
carbohydrate diet. With increase in dietary
carbohydrate level from 10% to 30%, crude
protein, crude lipid and gross energy efficiency
were significantly higher (P<0.05) in fish fed 25%
dietary carbohydrate. With further increase in
dietary carbohydrate to 30% level these values
decreased. In fish fed with 25% dietary
carbohydrate the ADC of crude protein, crude
lipid and gross energy was significantly (P<0.05)
higher compared to fish fed with all other levels
of carbohydrate,

Based on the results obtained so far and the
biochemical composition of carcass, nutrient and
gross energy efficiency and ADC of nutrients and
gross energy it can be concluded that the dietary
requirements of Himalayan golden mahseer are
40% protein, 15% lipid and 25% carbohydrate.

Evaluation of the inclusion levels of
the locally available indigenous plant
protein sources in feed of golden
mahseer

Effect of raw horse gram

Body protein and lipid content were
significantly higher (P<0.05) in tish fed with diet
having 10% raw horse gram. Moisture content
was inversely proportional to the lipid and protein
contents being lowest in fish fed 10% dietary raw
horse gram. Ash content decreased significantly
(P<0.03) with increase in raw horse gram level in
diets from 0 to 20%. Crude protein, crude lipid
and gross energy efticiency were significantly
(P<0.05) higher in fish fed with 10% raw horse
gram feed compared to those fed with 0, 5, 15
and 20% levels. ADC of crude protein, crude
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Discussion of CIFT scientist with Incharge
Nutrition Lab.

lipid and gross energy increased significantly
(P<0.05) with increase in raw horse gram content
in the diet from 0% to 10%. But with further
increase in raw horse gram levels to 15% and
20% the ADC values decreased.

Effect of heat-treated horse gram

Biochemical composition in terms of body
protein and lipid content of fish fed with 10%

Demonstration of feed mill to visitors

heat-treated horse gram was significantly
(P<0.05) higher. While the values of body protein
and lipid content were less in fish fed with lower,
0 and 5% and higher, 15 and 20% levels of heat-
treated horse gram. Moisture content was found
to decrease with increase in body lipid and protein
content hence it was lower in fish fed with 10%
heat-treated horse gram. Ash content decreased
with increase in levels of heat-treated horse gram
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in the diets being lowest in fish fed with 25% heat-
treated horse gram. Nutrient and gross energy
efficiency increased significantly (P<0.05) in fish
fed with 10% heat-treated horse gram compared
to fish fed with all other levels of heat-treated
horse gram. Heat-treated horse gram when fed
at 10% level gave significantly better (P<0.05)
values for ADC of crude protein, crude lipid and
gross energy than the fish fed with higher and
lower levels of heat-treated horse gram.

The horse gram can be incorporated in the
golden mahseer diets up to 10% level. However,
it is advantageous to use heat-treated horse gram
over the raw forms as heat treatment denatures
the anti-nutrients present in them.

Effect of raw black soybean

The biochemical composition of fish exhibited
variations corresponding to the level of raw black
soybean added to their diets. Body protein and
lipid contents were significantly higher (P<0.05)
and moisture content lower in fish fed with 30%
of raw black soybean compared to those fed ail
other concentrations. Carcass ash content
decreased with increase in level of dietary black
soybean. Crude protein, crude lipid and gross
energy efficiency increased significantly (P<0.05)
with increase in dietary raw black soybean levels
up to 30%. However, with further increase in
dietary raw black soybean level to 40% these
values decreased. ADC of crude protein, crude
lipid and gross energy was significantly better
(P<0.05) in fish fed with diet having 30% raw
black soybean compared to fish fed with 0, 10,
20 and 40% of dietary raw black soybean.

Effect of heat-treated black soybean

Carcass protein and lipid contents increased
to significantly maximum (P<0.05) levels with
increase in level of dietary heat-treated black
soybean from 0% to 30%. But with further
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increase in dietary heat-treated black soybean
level these values decreased. Body moisture
content was inversely related to body lipid and
protein content being lowest in fish fed with 30%
level of heat-treated black soybean. Ash content
decreased with increase in level of dietary heat-
treated black soybean. Nutrient and gross energy
etficiency was significantly higher (P<0.05) for
crude protein, crude lipid and gross energy in fish
fed with 30% level of dietary heat-treated black
soybean compared to those fed with 0, 10, 20
and 40% levels. ADC of nutrients and gross
energy was fond to increase with increasing levels
of dietary heat-treated black soybean being
significantly greater (P<0.05) in fish fed with 30%
levels. However, with further increase in level of
dietary heat-treated black soybean these values
were found to decline.

The black soybean can be incorporated in
the golden mahseer diets up to 30% level.
However, it is advantageous to use heat-treated
black soybean over the raw forms as heat
treatment denatures the antinuirients present.

Analysis of the suitability of the locally
available indigenous carbohydrate sources in feeds
of golden mahseer

Body protein, lipid contents were significantly
better (P<0.05) in fish fed wheat flour compared
to those fed with mandua, ramdana and ugal.
Consequently, moisture and ash contents were
lower in fish fed with wheat flour. Crude protein,
crude lipid and gross energy efficiency were
significantly more (P<0.05) in fish fed with wheat
flour than those fed with all other carbohydrate
sources. In fish fed diets having wheat flour as
carbohydrate source the ADC of crude protein,
crude lipid and gross energy was significantly
higher (P<0.05), as measured for other
carbohydrate sources.

The various locally available indigenous
carbohydrate sources assessed indicated that the
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control diet having wheat flour as carbohydrate
source gave better performance. Hence, wheat
flour is advantageous over mandua, ramdana and
ugal.

Effect of available dietary probiotic
and immunostimulants on golden
mahseer

With the increasing level of dietary probiotic
and immunostimulant the carcass protein and lipid
content increased with significantly higher
(P<0.05) values at 0.15% level. With further
increase in level of dietary probiotic and
immunostimulant body protein and lipid content
did not exhibit an increase in these values,
however, a decline was observed at 0.20 and
0.25% levels. Moisture content showed inverse
relation to body protein and lipid contents. Ash
content was also less in fish fed with 0.15% level
of probiotic and immunostimulant compared to
those fed all other levels. Crude protein, crude
lipid and gross energy efficiency were significantly
better (P<0.05) in fish fed with 0.15% level of
probiotic and immunostimulant compared to those
fed withall other levels. ADC of crude protein,
crude lipid and gross energy increased with
increasing levels of dietary probiotic and
immunostimulant being significantly greater
(P<0.05) in fish fed with 0.15% level. While in
fishfed with higher levels of 0.20 and 0.25% and
lower levels of 0.05 and 0.10% probiotic and
immunostimulant as well as in control diet the ADC
of nutrients and gross energy was less.

For probiotics and immunostimulants a
commercially available product was used as this
product contains both the probiotics as well as
immunostimulants. The results indicated that this
product when incorporated at 0.15% level gave
better performance in Himalayan golden mahseer
fingerlings.

PROJECT CODE AFE/B/0020

PROJECT TITLE Studies on induced
maturation and seed
production of
Himalayan Mabhseer,
Tor putitora  and
Schizothorax richards-
onii in pond
Environment

SCIENTISTS B.C. Tyagi, S.Sunder,

R. Kapila & P.Kumar

The fish stocks of S. richardsonii and Tor
putitora of different age group initially collected
from wild were being reared in pond environment
at Chherapani Fish Farm Champawat (1620 m
asl) and in 2 hired ponds at Bhimtal (1200m asl)
since October 2005. The species, Tor putitora
was stocked @ 1 fish/m?2in two ponds having
an area of 95 and 104 sq. m respectively with an
average weight of 50g (Av. TL171 mm) and 183
g (Av. TL280 mm). Fishes are growing well in
ponds @ 4.4 -4.8 ¢/mo. (Table 1)

Table 1 : Stocking & growth details of Mahseer brood stock

Mahseer Species
AREA (m?)
DENSITY (FISH/M3?)
No & Av. wt. (gm) (Oct 2005)

No.& Av.Wt. (gm) (Feb2006)
No.& Av.Wt (gm) (Feb2007)
Survival (%)

Growth / mo (G)

Pond 1 Pond 2
100 100
1 1
100 100
50.0 183
67 ,55.7 72,190
89,102.8 68, 248
89 68
4.4 4.8
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Maturating mahseer brooders under pond conditions at Bhimtal

No growth was recorded during winter
months (December-March) owing to low
temperature (6.7-16.8°C). Some bacterial and
fungal infection was noticed and controlled. The
hormones namely methyl testosterone MT was
added in formulated feed from March 2008 for
the stock having age above 3 and 4 years. Regular
observations indicated that fishes were maturing,
and would attain prime maturation in May to June
08, which could be induced to spawn. Water
temperature ranged 6.7- 26.4°C, DO,, pH, CO,
Alkalinity were within normal ranges.

Similarly the fish stock of snow-trout is being
reared in 3 nursery ponds (15m?) at Champawat
@8 (18g), 11.3(57 g)and 5.3 (85 g) fishes/ m?
since October 2005. After 3 years, fishes have
attained 47,93 and 118 g weight respectively.
The fishes having 3+ years age indicated maturity
and would be induced to spawn in coming season.
The fishes were fed on a formulated diet having
important gradients necessary for growth and
maturation. Ponds were also being tertilized with
organic manures to maintain plankton population.
Water quality was being monitored to keep the
quality at optimum. Growth of fishes was being
recorded at monthly intervals and results were
quite encouraging at this stage of rearing.
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Quantification of
vitellogenin in S.
richardsonii brooders
with ELISA

ELISA was standardized
using polystyrene microtitre plates
coated with known
concentrations of purified
vitellogenin (Vtg) of carp as
antigen (25ng/ul) in PBS. The
antigen was allowed to stick to
plastic plates in 0.06M carbonate
buffer (pH 9.6) at 5°C for
overnight. After antigen binding the wells were
washed 3 times with PBS/T followed by blocking
of wells with BSA to avoid errors in reading due
to non specific binding of antibodies to plastic
surface. After 2 hrs of incubation with blocking
reagent it was removed and replaced with primary
antibodies raised against carp vitellogenin in rabbit.
Dilution of primary antibodies was standardized
to be 500 times for proper antigen-antibody
reaction for measuring vitellogenin levels in liver
and blood of fish during maturity. Plates were
incubated for | hr at 37°C with primary antibody
then washed thrice with PBS/T and followed by
addition of secondary antibody (anti rabbit goat
antibody) conjugated with peroxidase enzyme.
Dilution of second antibody was standardized to
be 1000 times for proper reaction. Finally
substrate for peroxidase (TMB/H,0,) was added
to get the colored product whose intensity was
measured at 450nm by ELIS A reader. A straight
line curve was obtained for measuring vitellogenin
from [0 to 100ng.

-
by

- =

Liver samples from Schizothorax
richardsonii (T.1.240-255mm) females weighing
75-133g were obtained from river Kosi. Their
gonadosomatic index has been calculated and
attempts have been made to measure of Vtg levels.
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To build up technology for cage culture in
open waters, lay out design for the cages was
prepared and got fabricated. Each unit comprise
of four cages (3 m x 3 m x 3 m each) made of
HDPE net (4-15 mm mesh size) fitted with a
wooden frames suspended with angle iron poles
atsuitable site in lake Bhimtal. All the sides of
cages have been provided with working wooden
platform.

The fingerlings of golden mahseer were
collected from natural riverine ecosystem at
Ramnagar portion of Kosi river and snow trout
from Garam Pani area for stocking them in cages.
Mahseer and snow trout were stocked in four
cages separately wherein two length groups were
reared separately. One cage was treated as
control for each group and in treated ones artificial
diet prepared by this Institute was provided.
About 350 fish were stocked in each cage @
about 40 fish per cubic metre area. These
experiments were carried out for three months.
The initial weight of golden mahseer, Tor putitora
ranged from 3.1 to 3.9g (ave. 3.5g) during second
week of August. The artificial feed was given in
treated cages @ 5-10% of fish body weight. After
three months of experiment with smaller size of
fishes, the survival rate in control cages was
recorded as 43.4% as compared to 61.1%. in
cages given artificial feed. The final fish biomass
recorded as 1029g having 6.1-7.5g weight (av.
6.9g) of individual fish with daily growth of 0.04g
in control cages. However, these values were
2953g, 12.4-16.1 (av. 13.8g) and 0.11g for
treated cages. For other experiment, slightly
bigger size golden mahseer were stocked size
ranging 5.8-6.5g (6.1g) at the rate of 350 fish
per cage with initial total fish biomass of 2135g.

National Research Centre on Coldwater Fisheries

Cage culture of fishes in floating cages in subtropical Himalayan lake-

Madan Mohan, Shyam Sunder, B.C. Tyagi, Yasmeen Basade

Fish in treated cages were fed with artificial diet.
Since these fish were bigger in size, the rate of
survival was better in control ( 49.7%) as well as
in treated cages (67.1%). The values for total final
fish biomass as 1810g, individual fish weight as
8.3-11.9¢g (av. 10.4g), weight increase per fish
4.3g and daily growth as 0.05g in treated cages
while 4536g, 18.2-21.3g (19.3g), 13.2g and
0.14g respectively in treated cages.

The fish rearing experiments were also carried
out with two size groups of snow trout
Schizothorax richardsonii by stocking 350
fishes in each cage. Smaller size snow trout with
weight range 2.7-3.8g (av. 3.2g) with total
biomass of about 1120g were reared for three
months. Similar to mahseer, fish in treated cages
were given artificial feed twice in aday at the rate
of 5-10% of fish body weight. After three months
of rearing period, fish in control cages grew from
3.20g to 3.80g showing monthly growth of 0.20g
with survival of 51.70% while their growth was
better in treated cages being 0.57g per month and
improved survival of 69.00%. These experiments
were also carried out with bigger size ranging
4.8-6.7g (av. 5.3g). All other parameters except
size of fish were similar. After three months, fish

Spawn rearing in cages
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grew 6.4-7.8¢g (av. 7.1g) in control cages and 7.8-
9.7g (av. 8.9¢) in treated cages with daily growth
of 0.02g with 53.70% survival: while in fish fed
with artificial diets grew 7.8-9.7g (av. 8.9g) with
daily growth of 0.04g and survival of 70.30%.

Parameters Inside Outside
cages cages
Water temp. (°C)  21.2-264  20.1-26.2
Transparency 1.71-224  1.71-2.00
pH 6.9-8.7 6.5-8.7
Dissolved oxygen 5.2-7.6 5.20-7.2
mg/l
Free carbon dioxide 0.9-2.10 0.9-3.12
mg/l
Alkalinity 69-116 69-109
Conductivity umhos 251-342 251-378

The artificial diet provided to fishes had
40.65% protein, 16.84% lipid, 6.97% crude
fibre, 25.14% NFE, and 10.40% ash. The feed
was well accepted by both the fish species.

The abiotic and biotic parameters such as
water quality and plankton were recorded and

analysed inside and outside the cages. The water

quality parameters inside and outside as

recorded are given below:

Total plankton counts ranged 2.7-7.2 x 10°
units per liter inside cages and 2.6-6.8 x 101"
per litter outside cages. Phytoplankton formed the
bulk and comprised of diatoms 28.11-40.02%
(av.33.76%), Dinophyceae 21.78-31.47% (av.
25.91%), Chlorophyceae 29.12-42.97% (av.
36.34%) and blue green algae 1.99-6.38% (av.
3.99%). The important genera included

Fragillaria, Synedra, Navicula, Cymbella
and Amphora in diatoms; Ceratium hirudinella
in Dinophyceae; Spirogyra, Ulothrix, Zygnema,
Closterium among green algae; Oscillatoria and
Rivularia among blue greens. In zooplanktons,
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Arcella, Daphnia,Keratella, Monostyla and
Cyclops were dominant genera

PROJECT CODE

PROJECTTITLE Cold water fish health
management

SCIENTISTS A. Pande, N.N. Pandey,
Y. Basade

Methods for the isolation of pathogenic
bacteria of fish are being standardized and pure
cultures have been obtained from water, post
mortem samples and sacrificed fish. The pure
cultures obtained were stored and catalogued in
order to have a microbial repository.

Pseudomonas species recovered from infected tissue

GENETICS & BIOTECHNOLOGY
PROJECT CODE  AFE/B/0015

PROJECTTITLE Studies on biochemical
mechanism of cold
tolerance of coldwater fish
Schizothorax richardsonii

(Gray)

SCIENTISTS Rajeev Kapila
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Measurement of organic osmolytes
glucose, urea & lactic acid in blood
plasma

During the period under report test specimens
of Schizothorax richardsonii were reared for
96hrs at 5°C and 20°C respectively in glass
aquarium. Blood samples were collected from
heart using heparin as anticoagulant. Blood plasma
was separated by centrifugation at 3000 rpm for

Schizethorax richardsonii in experimental
aguarium

10 minutes. Level of plasma glucose was
observed to increase significantly by 2.4 fold
(4.37 mM) after 12 hrs of cold exposure and
further was maintained between 2.68 t0 2.8 mM
respectively in samples collected at 24, 48, 72
and 96 hrs. On the other hand plasma lactate
concentration was observed to increase by 4.6
fold after 12 hrs of cold treatment as compared
tocontrol, which returned to almost same values
of control (2.8- 3.1 mM) after 24 hrs of rearing
of fishat 5°C. 2.67- 3.28 mM plasma urea were
also detected from 12 to 24 hrs reared samples
ascompared to control values of 1.56mM.

Impact of Cold on HSP-70 levels in
muscle tissue of S. richardsonii.

ELISA was standardized using polystyrene
microtitre plates coated with antigen (fish muscle
tissues) extracted in 0.06M carbonate buffer
(pH9.6). The antigen was allowed to bind plastic
surface at 37°C for 3 hrs. After antigen binding

the wells were washed 3 times with PBS/T
followed by blocking of wells with BSA to avoid
errors in reading due to non specific binding of
antibodies to plastic surface. After 2 hrs of
incubation with blocking reagent it was removed
and replaced with primary antibodies raised
against Hsp-70 of carp fish in goat. Dilution of
primary antibodies was standardized to be 10
times for proper antigen-antibody reaction for
measuring Hsp levels due to cold stress of fish.
Plates were incubated for 1 hr at 37°C with
primary antibody then washed thrice with PBS/T
and followed by addition of secondary antibody
(anti goat rabbit antibody) conjugated with
peroxidase enzyme. Dilution of second antibody
was standardized to be 1000 times for proper
reaction. Finally substrate for peroxidase (TMB/
H,0,) was added to get the colored product
whose intensity was measured at 450nm by

ELISA reader.
96
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Figure 1: Impact of cold on muscle HSP-70 of
S.richardsonii

Test fish (Schizothorax richardsonii)
exposed to cold temperature of 5°C exhibited
higher levels of Hsp-70. It has been observed
that Hsp-70 production was increased by
296.56,171.75, 195.93 and 106.10%
respectively at 24, 48,72 and 96 hrs exposure at
5°C as compared to control; maintained for 96hrs
at 20°C.
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Isolation of genomic DNA and PCR
Amplification of Anti-freeze gene
using specific primers from S.
richardsonii

DNA was extracted from fish muscle tissues.
The Quality of isolated DNA was checked on
1% agarose gel electrophoresis in 1 X TAE buffer.

Three pair of forward and reverse primers
were selected out of fourteen primers designed
using ‘DNAman software’ of primer designing,
considering DNA sequence of winter flounder
(Pseudopleuronectes americanus) as reference
(accessionno. : LOOI38).

On preliminary screening for PCR
amplification at annealing temperature of 55°C,
first two primers exhibited the amplification while
no amplification product was visible with third pair
of primer on 2%agarose gel. To further confirm
the amplification product, gradient PCR with mean
annealing temperature of 60 °C (G = 55-65°C)
and 65°C (G=60-70°C) were also set. A PCR
product <300bp were observed with optimal
intensity at 63°C whose intensity decreased on
further increase of annealing temperature. At
lower annealing temperature of 55°C some
nonspecific products were also visible. The
product obtained needs to be sequenced for
confirmation of anti-freeze gene.

PROJECT CODE

PROJECTTITLE  Genetic Characterization
of Important Snow Trout
Fish Species

SCIENTISTS G.K.Sivaraman, A. Barat

and Rajeev Kapila

Eleven random primers were employed to
screen for RAPD markers in the four commonly
available coldwater fish species viz., Tor putitora,
Schizothorax richadrsonii, Raiamas bola and
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Garra gotyla from the natural water bodies of
the Himalayan region. Genomic DNA was isolated
from muscle tissue (150mg) of each species using
phenol:chloroform: isoamylalcohol method and
subsequently subjected to RAPD- PCR
amplification after confirming their quality on
Agrose gel electrophoresis. The PCR products
ranged from 200 to 5000 bp in all the fish species
were only considered for analysis. Total 188
bands were scored with the eleven primers
employed, out of which 39, 57, 40 and 52 bands
were scored in the Tor putitora, Schizothorax
richadrsonii, Raiamas bola and Garra gotyla
species respectively. The average numbers of
bands scored were 3.54 £ 0.72, 5.18 = 0.69,
3.64 £0.58 and 4.73 + 0.78 in Tor putitora,
Schizothorax richadrsonii, Raiamas bola and
Garra gotyla respectively. The maximum
numbers of scorable bands were obtained with
primer OPA- 03 in Tor putitora (08 = 0.71),
Schizothorax richadrsonii (08« 0.71), Raiamas
bola (07+ 0.71) and Garra gotyla (07+0.71)
among all the primers. The minimum numbers
(1to 4) of amplified fragments were observed
with primer OPF- 17 in all the fish species. The
average number of scorable bands ranged from
1to8,2t08,1to7and 1 to 8 in all the four
species respectively. This data can be utilized for
construction of phylogenic tree between various
Himalayan fish species to establish the genetic
relationship among them.

Table 1: Estimation of Genetic Distances
Between Fish Species Using RAPD

T. S.richar- R.bola Garra
putitora  dsonii sp
Tor putitora - 0.43 0.60 0.52
S.richardsonii - - 044 036
R.bola - = - 0.46
Garra sp. - - - -
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Fig. 1: RAPD-PCR amplification patterns in pooled Fig. 2: RAPD-PCR amplification patterns in pooled
DNA samples of Coldwater Fish Species with DNA samples of Coldwater Fish Species with
primers BG 53, BG 54 and BG 56. primers BG 95, BG 93 and OPA 03.

BG 53 BG 54 BG 56 BG 95 BG 93 OPA 03

S R G T

T S R G T S MMR G T S R G S MM R_G T S _R_C

Fig. 3: RAPD-PCR amplification patterns in pooled
DNA samples of Coldwater Fish Species with
primers BG 98, BG 54 and OPA 05.

T, S, R and G represent the DNA samples from Tor
putitora, Schizothorax richardsonii, Raiamas bola
and Garra species respectively; MM: é&-DNA Ecorl

BG 39 BG 54 OPA 05 Hind 111 double digest marker

T S R G T S MMR G T S R G

PROJECTCODE ICAR-Mega Seed
Project

PROJECTTITLE Seed production in
agricultural crops and
fisheries

SCIENTISTS Madan Mohan, Prem

Kumar

Fig. 4: RAPD-PCR amplification patterns in pooled The seed production technology for
DNA samples of Coldwater Fish Species with

" coldwater fishes is quite different from carp seed
primers BG 57, BG 94 and BG 96.

technology used in hills. However, there is an
urgent need of fish seeds in hills for growing fish
G T S MM R _G T S ; for consumption and ranching in rivers and lakes
for sport fishery etc. Under this programme
hatchery at Bhimtal has been renovated and used
for seed production of mahseer as well as common
carp. On the other hand, the institute is providing
initial help to fish farmers in the form of fish seed
and technical knowledge for rainbow trout culture.

BG 57 BG 84 BG 96

e Seed production of mahseer in 2007-08 was
75000 compared to 25000 in 2006-07.




® Seed production of common carp 15 lakh
spawn and 5 lakh fry in 2007-08 compared
to 10 lakh spawn and three lakh fry in 2006-
07.

Breeding of rainbow trout in comparatively
warmer waters of mid- altitude region.

Infrastructure development

The necessary components procured &
installed at Bhimtal & Champawat for renovation
of hatchery for mahseer, rainbow trout and
common carp by replacing existing hatching and
rearing facilities at Bhimtal and Champawat.

Rearing of mahseer and common
carp brooders

About 75500 seed of endangered golden
mahseer was produced by using newly created
hatchery facilities and stocked in Bhimtal lake.
About twenty nos. of golden mahseer and fifty
numbers of common carp brooders are being
reared at the mahseer hatchery complex in 12x5m
size earthen pond. About 125 number of brood
stock of common carp measuring 250-350 mm
in length and 250-900 gm in weight and about
280 nos. yearlings measuring 80-110mm in length
and 30-100 gm in weight are being reared at
Champawat fish farm that would be used as brood
stock for seed production in forthcoming breeding
season. The brood stock is likely to breed in April
2008.

Seed production of Golden Mahseer

During this year 2007-08, 22 female
brooders of golden mahseer (T.L 350-500 mm
and 400-1200 g in weight) were collected using
gill nets in Bhimtal lake. The ripe eggs (103,200
nos.) were stripped and fertilized with oozing milt
from male specimen (T.L280-510 mm and 300-
1100 g in weight) by “dry method”. The rate of
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fertilization varied between 86.5-92.0%. The
fertilized eggs were kept in hatching trays having
flow-through facilities (water flow of 2-3 1/min)
for incubation. The incubation period ranged
between 118-120 hours depending upon the
water temperature fluctuating between 16.5-
24.5°C and the yolk-sac absorption was
completed within 10-12 days at the water
temperature of 17.5-25.0°C. The hatching rate
was 85.0-92.0% and about 82000 nos. swim up
fry were produced.

Distribution of fish seed

30,000 seed of golden mahseer produced
under this project at NRCCWF sold for
Rs. 30,000/ to Deputy Director, Department of
Fisheries, Siliguri, West Bengal. About 20,000
seed was released and stocked in Bhimtal lake
by Secretary, [CAR New Delhi. About 15,000
seed of mahseer used for ranching at Kosi river
Garampani. About 10,000 seed was provided to
GBPUAT, Pantnagar for experimental purposes.
500 seed provided to a fish farmer at Hawalbagh
near Almora.

Seed production of common carp

About 18 nos. of females of common carp
were bred in the first and second week of March
2008. About 15 lakh spawn from which about 5
lakh fry have been produced at Bhimtal by using
mahseer hatchery facilities.

Broodstock rearing and breeding
of Rainbow Trout

Rearing of rainbow trout at a comparatively
lower altitudes and higher temperature regimes
of Kumaon region is a very important recent
phenomenon. The fast growing rainbow trout
stock was brought by NRC on Coldwater
Fisheries from Kokernag Fish Farm of
Department of Fisheries, Jammu and Kashmir to
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raise brood stock at its fish farm for seed
production. Now the brood stock is about three
years old. Rainbow trout normally starts breeding
at 2 + year age but good quantity eggs were
expected from three years old females. The good
brooders of rainbow trout were available during
second week of January 2008 for breeding.
Three year old matured female with weight range
of 0.80- 1.250 kg and males in weight group of
0.60- 0.90 kg were used. Brooders were given
good and proper diet. They were not been fed 2
days prior to breeding. For the first time, Rainbow
trout breeding was carried out 7" to 9" January
and about 12,700 eggs were produced out of
which 2600 eggs were found non viable. The
number of ripe eggs ranged 600-1000 though
2600 all non-viable eggs were stripped from one
female. Rate of fertilization was estimated as
84.56%. From third day onwards, some mortality
was observed. Eyed ova stage in these fertilized
eggs was appearing and survival up to this stage
is about 40.6%. Second attempt for breeding
made produced about 4000 viable eggs in March
2008.
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Aquaculture Development through
Demonstration on carp farming
system

The “Composite Carp Farming Technology”
mvolving three exotic Chinese Carps namely grass
carp, silver carp, common carp @ 3-4 fishes/m?
ina combination of 40-45%, 20-25% & 35-40%
respectively plus 10% Rohu/Chocolate Mahseer
with the provision of supplementary feed @
2-3% of body weight of fish on daily basis and
fertilization with lime and only organic fertilizers

The VC, RGU University with Director DCFR

@ 9000 kg/ha is presently being demonstrated
in NEH region.

Arunachal Pradesh

Thel5 farmers of Ziro and Along area of
Arunachal having 15 ponds covering an area of
1.4 ha and selected in 2005-06 under this
programme are growing fishes @ 0.6-0.7 kg/m?
at a price of Rs. 20- 26/kg. Other farmers of this
area are following the methodology. The
technical guidance and part financial assistance
are being given to all of them with the help of the
staft of RG University, Itanagar. Encouraged by
the progress achieved in Ziro and Along area, the
state Fisheries Department of Arunachal selected
2 farmers in each district of the State, being total




