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Abstract The freshwater resources of India are currently experiencing an alarming
decline in fish biodiversity due to several factors and as a result, a sizeable portion of fresh
water fishes have been categorized as threatened. This emphasizes an immediate need for
initiating research and actions for alternative management techniques to protect these
aquatic systems. One such option that has potential to protect freshwater ecosystem from
numerous threats is the creation of freshwater aquatic sanctuary (FAS) within protected
area network. Though similar conservation practices are well established in the terrestrial
and marine ecosystem, however, the work on freshwater systems has been very slow and
negligible. In the present communication we conceptualized the need and approach for
developing FAS within the protected area network based on our observations in the water
bodies of the selected wildlife sanctuaries in Northern India as well as success stories of
some other countries. In this study we assessed the fish diversity in the selected protected
areas of Northern India. The assessment indicated that these sanctuaries harbor 28.26—
31.13% of freshwater fishes, which are threatened in other areas. Apart from Indian Major
Carps, Tor putitora, Chitala chitala, Pangasius pangasius, Clupisoma gerua, Ailia coila,
Aorichthys aor, Wallago attu, Rhinomugil corsula, Ompok pabda, Ombok pabo etc. were
the important species encountered in the protected waters. The various issues related to
FAS including objectives, approach, potential tools, implementation and management are
discussed towards saving endangered fish germplasm resources. Approaches, tools and
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modus operandi proposed in this communication could be utilized by other developing
countries in the region.

Keywords Conservation - Freshwater fish diversity - India - Protected area - Strategies -
Assessment

Introduction

Throughout the world, freshwater environments are experiencing serious threats to both
biodiversity and ecosystem stability (Suski and Cooke 2006), and many strategies have
been proposed to solve this crisis (Williams et al. 1989; Warren and Burr 1994; Cowx
2002; Suski and Cooke 2006). Stress caused by anthropogenic environmental degradation
due to urbanization, construction of dams, abstraction of water for irrigation and power
generation, and pollution. in the last few decades had many negatives effects on freshwater
fish genetic biodiversity, particularly in rivers. This was coupled with irreversible genetic
changes in natural populations by introductions of exotic species and diseases. Freshwater
fishes, for example, may be the most threatened group of vertebrates on earth after amphib-
ians (Bruton 1995; Duncan and Lockwood 2001) and the global extinction rate of fishes is
believed to be in excess of higher vertebrates (Bruton 1995; Sisk et al. 1994).

Studies have shown that changes to the relative abundance of individuals or species
within an aquatic community can negatively impact species richness, ecosystem biomass,
the age of first maturity for fishes, or food web dynamics (Shutter and Koonce 1977;
Rochet and Trenkel 2003) underscoring the need to maintain the structure of aquatic com-
munities. Current approaches to conservation and protection of biodiversity in the freshwater
are substantially lacking in effectiveness, and thus more effective management techniques
and feasible tools are required. One of the options is to create aquatic sanctuaries within
water bodies (rivers, streams, wetlands, reservoirs, lakes and beels) of existing wildlife-
protected areas. While this approach to freshwater conservation is by no means novel, we
propose that this is an underused and overlooked option for freshwater a conservationist
that deserves wider consideration, application, and research.

Background

According to Convention of Biological Diversity in 1992 (the CBD), the conservation of
biodiversity including aquatic biodiversity, require the protection of representative exam-
ples of all major ecosystem types, coupled with the sympathetic management of ecosys-
tems outside those protected areas. The future extinction rate of freshwater animals is
predicted to be five times greater than that for terrestrial animals and three times that of
coastal marine mammals (Ricciardi et al. 1999). Therefore, freshwater protected areas are
one strategy that may be used to protect fresh waters from the threats of land use to protect
freshwaters from the various threats (Saunders et al. 2002). The need of protected areas for
target freshwater habitats, representative habitats, rare or endangered species, and intact
habitat remnants are emphasized by various authors (Lake 1980; Moyle and Sato 1991;
Doppelt et al. 1993) and some attempts have been recently conducted worldwide, with
variable success, to develop protected areas (Keith 2000; Saunders et al. 2002). Freshwater
protected areas have played an important role in the rehabilitation and conservation of a
number of freshwater species. Freshwater preserves have been used in the conservation of
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several species in the western United States beginning primarily in the 1960’s (Miller and
Pister 1971; Williams 1991; Means and Johnson 1995). A no-fishing reserve in a Zimba-
bwe lake proved successful at increasing both the number and size distribution of several
freshwater fish families (Sanyanga et al. 1995), and the establishment of no-fishing refuges
has played a large part in the rehabilitation of exploited lake trout populations in lakes
(Reid et al. 2001; Schram et al. 1995). A number of researchers have strongly suggested
developing freshwater refugia to aid in the conservation and protection of different aquatic
species. Li et al. (1995) called for the identification of areas of high species diversity that
can be protected by refuges to lower extinction risks for aquatic fauna in Oregon, while
Moyle and Yoshiyama (1994) called for the creation of Aquatic Biodiversity Management
Areas (ABMAS) to protect endangered and threatened aquatic species in California.

Research and earlier studies have shown that freshwater protected areas have been a success-
ful management option for conserving threatened fishes (Miller and Pister 1971; Cowx 2002).
The conservation of threatened fishes through the creation of endangered fish sanctuaries is well
recognized in countries like USA (Miller and Campbell 1994; Pearse 1998). Recently, the
importance of monitoring biodiversity in protected areas has been realized by the developing
countries (Danielsen et al. 2000). Effects of marine reserves protection on abundance and size at
Tonga Island Marine Reserve, New Zealand have been reported by Davidson et al. 2002. The
creation of numerous marine reserves throughout New Zealand has offered the opportunity to
investigate populations of many species in un-harvested situation (Creese and Cole 1995). In
China, closed seasons and sanctuaries are well established as management measures (Qizhe and
Qiulingh 1994). In Australia, endangered fish have been nominated for protection under the
Victorian Flora and Fauna Guarantee Act of 1988. Pullin (1990) emphasized habitat protection
as the best tool for conserving fish. Currently, Danielsen et al. (2000) have developed a simple
system for monitoring biodiversity in protected areas for the developing countries.

Indian scenario

India is blessed with a very rich and diverse natural water resources in the form of rivers,
streams, estuaries, backwaters, impoundments, mangroves, floodplain wetlands, man-made
reservoirs, lakes tanks and ponds. The country is also endowed with a rich fish genetic
biodiversity (2,200 fish species) and ranks 9th in term of freshwater mega biodiversity
(Mittermeier and Mittermeier 1997). A significant portion of the freshwater fish production
in India is still based on the harvest from wild population. Attempt to assess the Indian
freshwater fishes for conservation was made by NBFGR which enlisted several species
under threatened category (Anon 1992-1993, CAMP 1998; Lakra and Sarkar 2007). The
first assessment (Anon 1992-1993) categorized 46 freshwater fish species as threatened. In
the second assessment, of 320 freshwater fishes assessed according to IUCN criteria
(CAMP 1998), 43 freshwater fish species are critically endangered, 90 are endangered and
81 are vulnerable. The recent assessment for central India reported 41 species (56.58%) of
freshwater fishes as threatened under different categories (Lakra and Sarkar 2007). Some of
the critically endangered and endangered freshwater finfish species are Horabagrus
brachysoma, Tor mussullah, T. putitora, T. tor, Pangasius pangasius, Osteobrama belan-
geri, Ompok pabda, Chitala chitala and Chaca chaca.

In India, studies on the diversity of freshwater fishes in the major basins were primarily
focused on the catch data of major taxonomic groups at spatial scale (Vishwanath et al. 1998)
and information on the species abundance, distribution and priority habitat attributes required
for conservation are very limited except few studies (Singh and Sharma 1998 Bhatt 2003;
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Dahanukar et al. 2004; Biswas and Barua 2000). So far waterbodies of the PA is concerned;
scant data is available on fish diversity studies. Recently, the status of fish germplasm
resources in 4 water bodies in a protected areas in the North East region of India have been
studied by NBFGR, Lucknow along with two wildlife sanctuaries in Uttar Pradesh. Previous
studies (Husain 1983; Manimekalan 1998; Arunachalam and Sankarnarayanan 1999) carried
out survey in the water bodies of the wildlife sanctuaries of India which was related to fish
taxonomy but aspects related to habitat, species composition, distribution and occurrence of
different life stages of endangered fish species of conservation significance, were not consid-
ered. Singh et al. (2000) reported that recent Biodiversity Conservation Prioritized Project
(BCCP) highlights the inadequacy of data on many wetlands, which otherwise would have
deserved protected status. In India, NBFGR is the only research organization that has initiated
extensive studies in the waterbodies of protected areas for conservation of threatened fishes
and reported research findings which can be used as baseline information for the policy
makers in declaring conservation areas for the endangered fishes (Kapoor and Sarkar 2004;
Sarkar etal. 2005). Sarkar etal. (2004) also reported preliminary studies on freshwater
aquatic sanctuary management (FASM) of the selected area using GIS tools.

Protected area network

India has developed a network of protected areas (Singh 1985; Rodgers and Panwar 1988;
Pande et al. 1989). Areas of significant ecological value in terms of flora and fauna and land-
forms are representative of biogeography and theories of conservation biology (Caughley and
Gunn 1996). The current protected area network (Fig. 1) encompasses almost 4.74%
(1,55,978.04 km?) of India’s geographical area in the form of 500 sanctuaries, 95 National
Parks and two conservation reserves (ENVIS-Wildlife and 2006). Rodgers et al. (2000) rec-
ommended adding more protected areas to the network to total 858 or 5.69% of the country’s
geographical area. In recent years, a plethora of guidelines (Davey 1996), approaches (John-
son 1995) and strategies (Braatz 1992) have been developed to conserve biological diversity
in both terrestrial and aquatic ecosystems. However, a review of protected area network in
India reveals a poor representation of aquatic areas in the network. Though a wealth of infor-
mation has been generated over the years on terrestrial biodiversity, the freshwater fish
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Fig. 1 Growth of Protected Areas in India (Source: ENVIS—-Wildlife and Protected area database, Wildlife
Institute of India, Dehradun. website: www.wii.gov.in/envis/pa_database.html)
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species richness within many protected areas is poorly understood. Out of 597 protected
areas, only 55 are exclusive wetland protected areas (Hussain 1996) and about 10% of the
protected areas in the country have no specific aquatic habitat. The Wildlife Protection Act of
India (1972) provides legal protection to terrestrial and some of the aquatic animals and
marine mammals but less emphasis was given on freshwater fish biodiversity. The recent
studies undertaken by NBFGR indicated higher species richness of some the threatened fishes
and described new records in the water bodies of the selected Wildlife sanctuaries in Uttar
Pradesh (Sarkar et al. 2002a, b). These findings highlight the fact that there is a need for
proper biodiversity inventory in the water bodies of the PA network which covers a variety of
bio-geographical zones. The creation of comprehensive network of freshwater aquatic sanctu-
ary within protected area network should be key components in conservation policy of the
PA’S.

Categories of protected areas

To date, the use of protected area for freshwater fish conservation strategies has not prolif-
erated to the same level as Marine Protected Areas. Different authors have used different
terminologies in the use of protected areas (Table 1), and many of these have been success-
ful at protecting aquatic habitat biodiversity. A review of literature indicates use of pro-
tected areas for conservation of freshwater resources with different focus (Table 2). We
recommend the use of Freshwater Aquatic Sanctuary (FAS) to standardize the terms.
Protected Areas have been categorized by International Union for the Conservation of
Nature & Natural Resources (1994) as follows, (i) strict nature reserve or protected area
managed mainly for science (ii) wilderness area or area managed mainly for wilderness (iii)
national parks or protected area managed for ecosystem conservation and recreation (iv)

Table 1 Terminologies used for different types of protected areas under different nomenclature. Below is a
list of terminology commonly used to describe different protected areas along with their intended meanings

Terminology Description Examples/References

Refuge Areas managed specifically for one or few species rather Williams (1991); Moyle
than general biota and Yoshiyama (1994)

Sanctuary Typically focused on a species that is targeted for harvest ~ Suski et al. (2002)

Aquatic Diversity
Management
Area (ADMA)

Fishing Reserve

Preserve
Closed area
Freshwater

protected
area (FPA)

such as game fish or waterfowl. Implies no harvest or
fishing activity rather than no use. Can be voluntary or
mandatory

Area designed to protect and maintain aquatic diversity.
Uses compatible with the ADMA are permitted which
may include some fishing activities and harvest

Small areas designed to protect against habitat degradation
and to limit exploitation

Biological community is left to function in its natural state
and managed to protect natural features

Implies no use or passage-cultural or natural resource
protection. Some locations are closed to the public
but used by specialized groups such as the military

Any area of fresh water terrain, together with its overlying
water and associated flora, fauna, historical and cultural
features, including riparian regions and groundwater,
which has been reserved by law or other effective means
to protect part or all of the enclosed environment

Moyle and Yoshiyama
(1994)

Crivelli (2002)
Williams (1991); Moyle

and Yoshiyama (1994)
No examples

Kelleher and
Kenchington (1992)
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Table 2 A compilation on the use of freshwater protected areas along with major recommendations by differ-

ent experts
Author Year Focus Recommendations
Williams 1991 Historical perspective of protected ~ Set species—specific goals for recovery
areas for freshwater fishes plans, protect areas of high diversity
in western United States with refuges
Lyle and Maitland 1992 Overview of the use of the nation Nature reserve can improve fish
nature reserve system for fish conservation; Focus on acquisition
in the United Kingdom of new reserve for threatened species
Keith 2000 Overview of the use of freshwater ~ Must inventory species, develop site
protected areas in France specific management plans for each
threatened fish species
Cowx 2002 Threats to freshwater fishes; Conservation efforts should integrate
problems with current research to identify problem areas;
conservation practices; utilize protected areas to promote
option for future conservation stability; consider multiple-user
framework
Fitzsimons 2005 Directions and challenges for Establishment of a freshwater reserves

and Robertson the development of freshwater

reserves in Australia

in a comprehensive, adequate and
representative manner (CAR);
importance of qualitative data

for reservation status and
protection measures

natural monument or protected area managed for specific natural features (v) habitat/spe-
cies management area or protected area managed mainly for conservation through manage-
ment intervention (vi) protected landscape/seascape or PA managed mainly for landscape/
seascape conservation and recreation and (vii) managed resource protected area or PA
managed mainly for the sustainable use of natural ecosystems. Based on the biological
richness, economics, endemicity and ecological values as well as sustainability for manage-
ment the categories for aquatic germplasm conservation may be prioritized.

A review of the protected area network of India reveals an inadequate representation and
poor coverage of aquatic biodiversity within protected areas. This also does not reflect their
ecological, socioeconomic and cultural significance. The earlier PA network of India did
not fully represent several biologically important regions, communities and species.
Recently, classification made by Rodgers et al. (2000) recommends 10 biogeographical
zones, divided in to 26 provinces. These are Trans-Himalaya, Himalaya, Desert, Semi-
Arid, Western Ghats, Deccan, Gangetic Plains, Coasts, North East India and Islands. This
classification indicates that the percentage cover under PA is maximum in Islands (18.54)
followed by Western Ghats (10.12) and both Himalayas and Trans-Himalayas (19.12).

Ramsar sites

The Convention on Wetlands, signed in Ramsar, Iran, in 1971, is an intergovernmental treaty,
which provides the framework for national action and international cooperation for the con-
servation and wise use of wetlands and their resources. Recently, India has designated six new
wetlands to the Ramsar Convention on Wetland’s list of wetlands of international importance
and this brings the number of Ramsar sites in India to 25. The new areas include: Hokera
Wetland and Surinsar-Mansur Lakes in the northwestern Himalayan province of Jammu &
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Kashmir; Chandertal Wetland and Renuka in Himachal Pradesh; Rudrasagar Lake in the
northeastern state of Tripura; and Upper Ganga River in Uttar Pradesh.

In-situ conservation of fish diversity

The two protected areas (PA’s) in Northern India were identified for the present research
programme. The waterbodies of the two areas were investigated from April 2000 to March
2004. Katerniaghat Wild Life Sanctuary (KWS) established in 1976 (under 1972 Wildlife
Protection Act of India) is situated in Bahraich district of Uttar Pradesh and located in the
foothills region close to the Indo-Nepal border. The Gerua River originates in the Himala-
yan mountains, crosses through the Royal Bardi National Park in Nepal, and enters India at
the Katerniaghat Wildlife Sanctuary in the Terai region, Bahraich district, Uttar Pradesh.
The river Gerua has a mean annual discharge of about 1,500 m? (Agarwala et al. 2003, esti-
mated at 1392 m*s by AQUASTAT 2005). Positional coordinates of the water bodies
within sanctuary were N 28°21.889, E 081° 11983, mean altitude 146 m. msl, spread over
400.69 km? with 12,000 ha of rivers, small creeks, streams, beels, and wetlands. The Gerua
River is typically 950.62 m wide, and has eight channels, 12 islands and side channels. The
water quality is good and no major degradation of the habitat exists. River substrata are
mainly composed of boulders, pebbles, and sandy clay. Most of the sampling sites had soft
water and were shaded by dense riparian vegetation. The surrounding land in the sanctuary
is protected for conservation purposes and is composed of grasslands (5,000 ha), deep for-
est, terrestrial wild animals, marshy lowlands and ten villages. Downstream of the sanctu-
ary the Girijapuri Barrage diverts some of the flow of Gerua River for irrigation and the
river then joins the Ghagra River, which is a major tributary of River Ganges. The second
PA is situated in the Raebareilly district of U.P. The water body is ‘S’ shaped, lentic in
nature comprising six beels(myriads of small and large natural waterbodies) interconnected
with each other within an overall area of 720 ha and water area of 320 ha. The beels are
perennial in nature and main water resources are the various tail ends of canals, which are
connected to these lakes. On the basis of a pre-study survey, the water bodies of the two
protected areas were divided in to different zones. The criteria’s for identifying zones were
topography and other physical habitat conditions like depth, intensity and type of aquatic
vegetation, riparian cover, nature of human interference and type of habitat. Monthly
experimental sampling for fish and major habitat parameters were carried out. Gill nets,
cast nets and dragnets were used for fishing. The early life stage of fish was collected by fry
collecting nets in selected areas. The species diversity, relative abundance, occurrence of
the water bodies were quantified.

Species diversity and assessment in the PA’s

A total of 9,824 fish were collected from river Gerua flowing within KWS and were classi-
fied into 87 species representing 22 families and 52 genera. The list of species along with
local name, status, length data and relative abundance are presented in Table 3 which is self
explanatory. The Cyprinidae was the most dominant family accounted for 49.43% (40 spe-
cies) of the total number of fish species collected, followed by the family bagridae 8.04% (7
species) and Schilbeidae 5.74% (5 species). A total of 87 fish species were collected
belonging to 22 families, 87 species and 52 genera. Fish abundance and diversity was sig-
nificantly different (P < 0.05) between the protected area of river Gerua and fishes area
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studied up to 200 km lower stretch of the river. The study indicated that river Gerua sup-
ports many river dependent fish species including Eutropichthys vacha (a catfish), Chitala
chitala (featherback), Notopterus notopterus, Clupisoma garua (gerua vacha, a catfish),
Bagarius bagarius (dwarf goonch, a catfish), Ompok bimaculatus (buttercatfish), Cirrhinus
reba (rewa bata, a cyprinid), Catla catla (catla, a cyprinid) yellowtailcatfish Pangasius
pangasius, putitor mahseer or golden mahseer Tor putitora and Tor tor. Out of 87 fish spe-
cies six species were recorded first time with maximum total length (TL) which was not
reported earlier in Indian waters and a new record size (TL 20.5 cm) of Salmostoma baca-
ila (a cyprinid) was recorded (Sarkar et al. 2005). The mean size group of fish sampled in
the protected area was higher in many fishes as shown in Fig. 2. Comparative fish occur-
rence indicated much lower species richness outside of protected areas. One of the impor-
tant findings was that populations of 31.13% of threatened fish species (as per NBFGR
1998; not IUCN Red list) were found to be the stable in the protected area of river Gerua
indicating that Katerniaghat Wildlife Sanctuary could be important for conservation of the
fish biodiversity of the Terai region, especially for local and endangered fish species
(Unpublished data). Sarkar et al. (2004) arranged fish distribution data, assemblage, fish
life stages, habitat variations and assessing biological parameters on a GIS platform at
reach level which can be useful for the protected area managers. Also a set of priority habi-
tat types used by groups of freshwater fish species were developed for the Gerua River and
species and life stages found occupying a statistically distinct subset of the protected river
habitats (Sarkar and Bain 2007). The study also indicated that conservation of large river
fish should strive to maintain both erosional and depositional channel habitats.
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Fig. 2 Variation of total length (TL) of some fishes in the protected and fishes area of Katernighat Sanctuary
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From another PA (Samaspur Bird Sanctuary) a total of 46 fish species were collected
under 7 orders, 19 families, and 33 genera (Table 1). The analysis showed that 28.26% of
fish species which are reported to be threatened as per [IUCN were found to be stable popu-
lation in the inside waters of the sanctuary. One of the important observations was that
about 28.26% fishes that come under threatened category in other areas were stable in the
sanctuary waters. Apart from Indian Major Carps and above mentioned species, Chitala
chitala, Clupisoma gerua, Ailia coila, Aorichthys aor, Wallago attu, Rhinomugil corsula,
Ompok pabda, Ombok pabo etc. were the important species having high conservation sig-
nificance in the Ganga basin, India. The study confirms that protected freshwater area is
important for conservation of the regional fish biodiversity, especially for local and endan-
gered fish species. The literature indicates that fish densities are generally higher in pro-
tected areas (Bell 1983) and demographic structure differs significantly in the relative
abundance of larger individuals (Bell 1983; Bayle-Sempere and Ramos-Espla 1993;
Dufour et al. 1995), both of which in turn result in greater biomass (Francour 1991).

Challenges

Developing freshwater aquatic sanctuaries for any area will require scientists and managers
to overcome a number of challenges, which may vary with geographical location. The pri-
mary obstacle is to identify areas or aquatic species that are needed for additional protec-
tion. A number of workers have encountered this problem and many papers have been
published to share ideas and approaches (Sedell et al. 1994; Moyle and Yoshiyama 1994;
Li et al. 1995; Filipe et al. 2004; Higgins et al. 2005). Protection of functional and repre-
sentative samples of freshwater ecosystems often conflicts with existing human use and
human dependency on aquatic resources. There is need to consider many issues like legis-
lation and its enforcement, socioeconomic concerns that may develop from dealing with
multiple stakeholders and local community.

The following threats to fish germplasm were identified in the PA’s studied. These are
(i) occasional use of insecticides by the local fishermen (ii) occasional illegal catch by the
local people in the protected water body (iii) fishing by small mesh sized net throughout the
year just after the sanctuary area (iv) heavy infestation of exotic aquatic weeds. Release of
water for irrigation in KWS, which is not synchronized with the requirements of different
life stages. This also resulted in concentrations of fish in smaller volume of water leading to
easy poaching. Conflicts between local fishing communities and government departments
will have to be resolved by dialogue and accommodation of each other’s interests. Local
fishing communities should be involved as partners in planning and carrying out the fishery
enhancement and conservation measures. However, for this to happen, inter-departmental
conflicts and ambiguity among different government departments over the jurisdiction/con-
trol of water bodies and fishing rights, will have to be resolved, so that the fish germplasm
resources are duly conserved.

Baseline information for creating sanctuary

Creation of the freshwater aquatic sanctuary within the wild life protected area need to be
evaluated on following baselines based on our practical experience.
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(a) Inventory of fish germplasm and habitat parameters on the water body under the pro-
tected area based on prioritization of species and waterbodies.

(b) Species composition, richness, abundance and conservation status of indigenous and
commercially important species.

(c) Frequency of species and water level monitoring and strategies adopted for harvesting
over the time outside of the sanctuary area in order to save early life stages.

(d) Evaluation of habitat suitability index for different life stages of endangered fishes

(e) Evaluation of introduced species if any and relation with other species

(f) Suitable protocol for multi species management.

(g) Ecological and socio economic sustainability.

(h) Regulation of prey by predators and management of predators.

(i) Involvement of conservation breeding specialist group.

(j) Evaluation and management of disturbance factors, threats, and other obstacles

The factors described above may vary depending on the environment. A clear-cut guideline
needs to be prepared to involve the government and private research agencies working to
create and manage the fresh water aquatic sanctuary.

Conclusion

Protected areas could play an important role in the conservation of fresh water fish diversity
of India, but there is need to identify the conservation value of these areas in relation to bio-
geographical diversity of fishes and the factors impacting on fish communities. The efficiency
of FPA’s in the inland ecosystems remains to be assessed properly in India since it appears to
be a promising management measures for the conservation of regional species. Until now
most of the water bodies within protected areas have been insufficiently recognized. The pri-
mary objectives for successful conservation of the high fish diversity within protected area
network should aim to develop effective controls and management practices that enable life
cycle completion, dispersal and population maintenance within aquatic systems. Drastic eco-
logical and anthropogenic changes of forest and aquatic habitat within protected water bodies
are great deal of threats for fish biodiversity as well as aquatic habitat.

Biological evidences suggest that protected areas have the potential to protect freshwater
environments deleterious stressors, and positively improve declines in biodiversity. The
NBFGR’s observation also indicate that in spite of absence of specific measures adopted to
protect the freshwater fishes, the areas within wildlife sanctuaries can serve as freshwater
aquatic sanctuary (FAS) if additional measures are taken to protect these resources against the
threats. However, this has to be integrated in to management plan of the respective areas.
More studies are required for examining the impacts on the protection of biodiversity and
habitat restoration despite their inherent challenges. The creation of protected areas in innova-
tive ways to address the conservation issues will increase our knowledge for developing tech-
niques and models supporting socioeconomical and enforcement issues, and their
implementation in future. Joint action oriented research efforts involving research institutes
like NBFGR, Lucknow, Wildlife Institute of India, Dehradun, National Biodiversity Author-
ity, Salim Ali Centre for Ornithology and Natural History, Coimbatore, Bombay Natural His-
tory Society, Mumbai, Zoological Survey of India of the Ministry of Environment & Forests
are required in this direction in order to effective implementation of the conservation pro-
grammes in the priority areas. It is also necessary for sensitizing the local people also to
develop interest in fish conservation for sustained protection of the threatened species.
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