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This is the pioneering attempt to study the spatial patterns in structure of lotic ecosystems that form the
Ganga River system in the Himalaya. The diversity of source (glacier-fed [GF], snow-fed [SN] and spring-
fed [SF]) and stream-size (both interrelated) across the altitudinal panorama, create numerous habitats
that contribute to structural diversity. The spatial patterns in richness, density and taxonomic composition
and distribution of benthic diatoms are less affected by source compared with macro-invertebrates but
shows strong influence on the distribution of fish fauna that are poikiliotherms, because a glacier-fed
river carries ice-cold water (usually <20°C) in contrast to normal waters in spring-fed system (22°C near
snowline, 32°C in foothills). The abundance patterns of biota of lower organisation grade (diatoms, macro-
invertebrates) do not differ sharply even across distant river basins as they are more influenced by proximate
factors; thus the sub-basins of the Alaknanda resemble more by virtue of one basin and there is notable
resemblance between distant SF Bemunda (lower Ganga basin) and SF Gomti (East Ramgangd basin) and
even the farthest Yamuna and Ramganga. Fish are more sensitive to temperature and current velocities that
are related to altitude and hence longitudinal rather than the spatial gradients in the mountains. The lotic
ecosystem of Doon Valley harbour rich and diverse diatom flora, macroinvertebrate fauna and ichthyofauna.
The examination of trophic, saprobic and ecological status shows that organic pollution, degradation and
anthropogenic eutrophication are non-existent in the Lesser Himalayan rivers and streams, but the fragile
Doon Valley is under severe anthropogenic stress. This and habitats fragmented by hydropower projects in
the major rivers has threatened the iconic game fish Himalayan mahseer in the Ganga.
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Introduction

An understanding of biodiversity distribution in
relation to the abiotic environment enhances our pre-
dictive abilities in ecological studies and resource
management. Vast riverine network of the Ganges
(always referred to as holy Ganga in ancient and
modern scriptures of Hindustan) in the Himalaya
was politically hyped to be an enormous hydropower
potential in the economy starved Uttarakhand State
separated from the State of Uttar Pradesh in year
2000 (Joshi, 2007). The sister-rivers (Bhagirathi and
Alaknanda) that unite to form the Ganga are already
affected by urbanisation at major pilgrim destina-
tions and are discharge-starved for long distances
below the Maneri, Tehri and Vishnuprayag dams
(Singh, 1988; Gaur, 2007; Rajvanshi et al., 2012).
Sixty-nine hydro-electric projects (>25 MW) are
envisaged (includes commissioned, under construc-
tion and proposed) in the Bhagirathi and Alaknanda
River systems. Loss of torrential flows and ice-
coldwater are the major threats to the specialised
biota of the Gangetic riverine network in the moun-
tains.

The streams and rivers of Doon Valley are also
under immense stress, as Dehradun, the present cap-
ital city of Uttarakhand is located centrally in the
valley. Phenomenal urbanization in last 12 years has
transformed the agriculture landscape into residen-
tial, administrative and commercial zones. The Song
system drains the eastern part of the Doon Valley
into the Ganga. The Asan system drains the western
part of the Doon Valley into the Yamuna. The cli-
mate, terrain, vegetation and geology of this valley
and the mountains are different (Kandari and Gu-
sain, 2001). As the valley lies at the junction of the
Indo-Gangetic Plains and the Himalayas, it supports
unique biotic communities such as the fish fauna
(Hora and Mukerjee, 1936). Many of these species
have declined in abundance. Major rivers (Song and
Asan) of the Doon Valley are prime spawning-cum-
nursery grounds of the mahseer (Nautiyal et al.,
2008). The degradation in the mountain and val-
ley is affecting the river ecosystems, habitats and
the biotic diversity at all trophic levels; such as de-
cline in density of benthic macro invertebrates and
diatoms due to sewage influx (Singh et al., 1994;

Nautiyal et al., 1996) and decline in the stock of
Himalayan mahseer due to river regulation for hy-
dropower and irrigation, respectively at Veerbhadra
and Bheemgoda, where the congregation of migrat-
ing individuals including potential brooders in the
shallow areas below the barrages become easy tar-
gets. Year after year, poaching of brood stock dur-
ing the spawning period and indiscriminate juvenile
fishing in the major breeding-cum-nursery grounds
of the mahseer in the valley and Nayar (a tributary
of the Ganga between Devprayag and Rishikesh in
the Lesser Himalayas), has caused multifold decline
in numbers (Nautiyal, 1996, 2006) and endangered
the species (Jha and Rayamajhi, 2010).

Hence, there is an imminent need to organise in-
formation on the biodiversity and structure of major
biotic communities in natural or near-natural condi-
tions and their distribution in the glacier fed (GF),
snow fed (SN) and spring fed (SF) tributaries of the
River Ganga, both in the mountain terrain of the
Himalayas and in the flatter sloping terrain of the
Doon Valley. The network of GF, SN and SF streams
offers a great diversity of habitats and ecological
communities in the Gangetic basin. The Doon Val-
ley has been treated separately with respect to these
communities owing to its present demography, as
it is a small area with concentrated human activity
in the Gangetic basin. In this respect the predictive
ability of diatom assemblages (Dohet et al., 2008)
was used to determine the trophic and saprobic state
of the rivers. Since the valley lies at the junction of
Plains and West Himalayan ecoregions, the commu-
nities are expected to be diverse, that render value to
the valley part of the basin. Substrate heterogeneity
is another reason for the diversity of benthic com-
munities, which increases from the source of rivers
and streams in high mountains to the foothills (Doon
Valley).

The benthic assemblages have been mostly stud-
ied at certain locations or river sections or lon-
gitudinally in the Bhagirathi (Singh et al., 1994),
Alaknanda and Ganga Rivers (Nautiyal R et al.,
1996; Nautiyal P et al., 1997; Nautiyal R et al.,
2000). Studies have also been made at single (Nau-
tiyal P et al., 2004a; Verma and Nautiyal, 2009)
and multiple river basins (Nautiyal, 2005a, 2009) of
the Ganga River system. The fish fauna and their
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distribution in the Gangetic drainage has also been
extensively studied (Singh et al., 1987; Husain,
1995; Husain and Tilak 1995, Nautiyal, 2005b,
Nautiyal et al., 2013). Studies on biodiversity and
ecosystem are scarce for the Ganga on the Hi-
malayan part/hill stream habitats of the Ganga
(Nautiyal and Nautiyal, 1999; Nautiyal et al., 2004b;
Nautiyal, 2010; O’Keeffe et al., 2012) compared
with extensive literatures especially with respect to
fish biodiversity and fisheries in the middle, lower
and estuarine stretches of the Ganges (Anonymous,
1975-2006; Krishnamurti et al., 1991; Payne and
Temple, 1996; Sinha et al., 1998; Rao, 2001; Payne
et al., 2003; Vass et al., 2009, 2010).

Though much remains unknown, the scope of this
study is restricted to the patterns of the taxonomic
richness, composition and distribution of freshwater
biota in the GF, SN and SF ecosystems of the Ganga
River basin in the State. The relation of stream-
source (GF and SF) with the diversity and spatial
distribution of benthic communities and fish fauna
in the basin has also been examined. The present
study is an attempt towards the development of a
framework that aims at predicting aquatic commu-
nities in order to assess quality of aquatic ecosystem,
define river restoration and other such objectives to
meet the challenges posed by hydropower develop-
ment plans for the State.

Study area and methodologies

The Himalayan River Ganga originates in the
State of Uttarakhand in India (see Appendix I in the
online supplementary information [SI]). The entire
drainage of State forms the basin of the Ganga. The
River Ganga (including the Alaknanda and Bhagi-
rathi River systems) lies centrally in the State. The
Yamuna basin lies to west while the Kali-Sharda lies
to east forming State border with Himachal Pradesh
and International border with Nepal, respectively.
The river has a dense network of glacier fed (GF),
snow fed (SN) and spring fed (SF) tributaries of
varying magnitudes from snowline to foothills, thus
providing habitats defined by ice-cold (GE, SN) and
normal (SF) temperature regimes (Nautiyal 2001),
in addition to those created by flow conditions such
as the rapids, runs, riffles and pools. The course of
the Ganga moves in southwest direction through-
out the mountains. The channels of the river and its
tributaries in the mountains is divisible into; short
stretches in the Greater Himalaya, long stretches
through the Lesser Himalaya till Rishikesh and a

small stretch of the Ganga through the Siwaliks
along the left bank and Doon Valley along the right
bank from Rishikesh to Hardwar. After the conflu-
ence of GF-Bhagirathi and GF-Alaknanda at De-
vprayag, the unified GF-Ganga flows for 87.7 km
till Hardwar. The Nayar, Hinyul (north and south)
and Song, are the major SF-tributaries in this stretch.
The GF-Yamuna flows parallel to the Bhagirathi and
then the Ganga in the Upper Ganga Plain. The west
Ramganga flows across the Upper Ganga Plain into
the Ganga before Kanpur. The Kali tilts further east-
ward and joins the middle segment of the Ganga.
All major river basins were considered for the study
and are demarcated in Appendix I, the locations of
which are listed in Appendix II (in the SI). The
climate, physiography, vegetation and land use of
all basins are known (Singh et al., 1994; Nautiyal
et al., 2004a,b; Gaur, 2007; Nautiyal, 2009; Nau-
tiyal, 2010, O’Keeffe et al., 2012).

The physiography and geology of the Doon val-
ley differs from the Himalaya (Wadia, 1983). The
Doon region is a unique synclinal valley between
the parallel ranges of lesser Himalaya and Siwa-
liks extending from Hardwar to Paonta Sahib. The
valley is drained by Song and Asan in the eastern
and western Doon, that have source in the lesser
Himalaya and the Siwalik foothills near Chandra-
bani, respectively. Their channel is narrow and the
banks are raised due to hills. Hard stony bottom is
characteristic to both, but the Asan lacks large boul-
ders conspicuous in the Song. Numerous streams
and brooks join these arteries, some of which were
considered in this study and had a mixture of hard
and soft sediments on the bottom. Only Siwaliks
are forested, especially in the Rajaji National Park.
Tourism is a major activity by virtue of its proxim-
ity to the hill station Mussorie. The pharmaceutical
industries are located in the Asan basin while the
distilleries and sugar mills in the Song basin.

The water characteristics, benthic diatoms,
macroinvertebrates and fish were examined for de-
termining biodiversity and spatial patterns in com-
munity structure and distribution. Most of the GF
and SF tributaries of the Ganga were sampled sea-
sonally. Not all communities were sampled at same
location and same time. They were sampled at dif-
ferent times during last 11 years from 2000 to 2011.
The altitude of sampling location ranges from 2500
to 250 m asl (above sea level) of which Doon Val-
ley ranged from 350-550 m asl (Appendix II). The
diatom samples were obtained by scraping 3 x
3 cm surface of cobbles collected from river/stream
bed, with the help of razor and brush. The benthic
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macroinvertebrates were sampled by lifting stones
(boulder, cobble, pebble, gravel) and sieving clay
and silt from 0.09 m? area. The substrate was washed
to dislodge the fauna, which was preserved in 5%
formalin for further analysis. Both communities
were sampled in available habitats at each station.
Other details of standard sampling, taxon identifi-
cation and data analysis are described in Nautiyal
et al. (2004a,b) and Nautiyal (2005a, 2009, 2010,
2012). The functional feeding groups occurring
in the benthic macroinvertebrate community were
ascertained according to Cotta Ramusino et al.
(1995, http://www.riversource.net.pdf) to assess
predominant feeding guilds and determine the state
of the ecosystem (auto/heterotrophic).

Commercial landings are made from the Ganga
below Hardwar only (Nautiyal et al., 2005b). Lo-
cally designed traps are used for fishing in GF
rivers while cast nets are operated in SF tribu-
taries (Nautiyal 1994). Fish were collected season-
ally from fishermen in 2010-2011 from the loca-
tions of GF rivers and SF tributaries in Lesser Hi-
malaya (LH) and the Doon Valley (DV) indicated
in Appendix II. Present study details the abundance
of the commonly occurring fish fauna recorded by
Uniyal (2002, 2010) from 4 locations each in the
Asan (Chandrabani, Baronwala, Jhajra, Dhalipur)
and Song (Mothorawala, Lachhiwala, Nepali farm,
Satyanarayan). The fish fauna was assessed for
threat based on the Conservation Assessment of
Management Plan (CAMP) (1998). The abundance
pattern of the said communities in the GF and SF
tributaries were also examined (Cluster Analysis
Ward’s method, Bray-Curtis Similarity, CAPS ver
4.0 [2007]).

The impacts of fast-paced urbanisation (growth
of commercial and residential areas) during last one
decade in the Asan and Song basins of the Doon
Valley were assessed through benthic diatom and
macroinvertebrate communities. A diatom based
software (OMNIDIA ver. 5.3) that generates variety
of indices from the diatom count data was used to
compute the Van Dam Index, to explain the ecolog-
ical (trophic and saprobic) state for some locations
of the Doon Valley (Appendix II).

Salient observations
Physico-chemical characteristics

The water temperature (WT) is higher in the east-
ward basins compared to the westward basins and

hence seems to decline slightly to west with in-
crease in latitude. The GF are characterised by ice
cold-waters and voluminous discharge where WT
barely exceeds 20°C in GF compared with SF (22°C
near snowline, 32°C in foothills) and high flows re-
sult in shooting current velocities (CV) compared
with SF (Appendix III in the SI). The average WT
(10-30°C) and CV (0.25-1.75 ms™!) observed in
28 streams of Himachal Pradesh (Johal and Rawal,
2005) are comparable. WT and CV are detrimental
to biota in mountain streams. In view of their abil-
ity to structure assemblages, Nautiyal (2001) classi-
fied the rivers into glacier fed turbulent- stenother-
mal and spring fed placid-eurythermal to account
for differences in their biota. The air temperature
(AT), WT, pH, conductivity, total alkalinity and
total hardness are low in the Yamuna, Bhagirathi
and Mandakini basins and higher in the Alaknanda,
Ganga and Ramganga basins as also recorded in
the Bhagirathi-Ganga (Vass et al., 2010). The CV
is higher in the Yamuna, Bhagirathi and Mandakini
basins while the dissolved oxygen is almost similar
in all basins. The increase in water temperature and
decrease in CV was observed in the Ganga River
from source to foothills (Singh et al., 1994; Joshi,
2005). GF and SF differ more in physical than the
chemical features (Appendix III). Except for rela-
tively higher total alkalinity and chloride in the SF
basins, the water chemistry GF and SF does not
differ notably, because geology is largely similar in
sub-basins and even across the sub-basins. The nu-
trients; nitrate, phosphate and silicate do not show
any trend as streams and rivers are in oligotrophic
conditions. The concentration of phosphates and ni-
trates is relatively higher in the GF.

Ecosystem structure

Diatoms are one of the most abundant and di-
verse components of stream and river algal com-
munities (Stevenson and Pan, 1999), this was also
observed in the Alaknanda-Ganga as they account
for 87.9 to 100% of phytobenthos density (Nautiyal
et al.,, 1997; Badoni et al., 1997). Nautiyal (2001)
observed that the diatom density is low in the GF
(<1000 cells mm~2) compared with SF (1000-3000
cells mm~2). Density peaked in winter, in both GF
and SF in all basins because high transparency dur-
ing lean flows from October to February results in
accumulation of producer biomass. The snow-melt
in GF causes decline in density compared with SF
where density is relatively higher.
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Table 1. Diatom flora of the Yamuna, Bhagirathi, Mandakini and Alaknanda basins in Lesser Himalaya (LH) and Doon Valley

(DV; A/S = Asan/Song).

No. of Species

No. of Species No. of Species

Family Genera LH DV A/S FamilyGenera LH DV A/S Family Genera LH DV A/S

CENTRALES MONORAPHID Gomphonema 38 15/14

Thalassiosiraceae Achnanthaceae Gyrosigma 5 2/2

Aulacoseira 1 Nupela 1 Geissleria 1

Cyclotella 3 1/3 Planothidium 2 Naviculaceae

Melosiraceae Achnanthidium 61 14/14  Hippodonta 1

Melosira 1 Cocconeis 7 Luticola 1

PENNALES Naviculaceae Navicula 50  35/18

ARAPHID/ Adlafia 3 Neidium 4 1/0

Fragilariaceae Amphipleura 1 1/0  Pinnularia 12 4/3

Meridion 1 Anomoeoneis 0/1  Placoneis 2

Diatoma 9 5/6  Amphora 6 3/1 Reimeria 3

Fragilariforma 1 Brachysira 1 Sellaphora 5 4/4

Fragilaria 9 3/1 Caloneis 9 5/2  Stauroneis 7 1/0

Hannae 3 Craticula 4 Epithemiaceae

Staurosira 4 Cymatopleura 1 1/1 Epithemia 4

Staurosirella 3 Cymbella 29 5/3 Rhopalodia 4 1/0

Synedra 21 10/6  Cymbopleura 8 Bacillariaceae

Tabellaria 1 Delicata 2 1/0  Denticula 1

Peronia 1 Diploneis 4 2/3  Hantzschia 5 2/1

Eunotiaceae Encyonema 13 2/2 Nitzschia 34 26/15

Eunotia 13 1/0  Encyonopsis 5 Surirellaceae

Rhoicosphenia 3 Frustulia 1 1/1 Surirella 10 2/2
Fallacia 1 1/0

The diatom flora consists of 420 taxa from Ya-
muna, Bhagirathi and Alaknanda-Ganga River sys-
tems (Table 1). Compared to these basins of LH, the
DV is very rich in diatom flora (358 diatom taxa).
The diversity and evenness vary from 4.32—4.69 and
0.19-0.39, respectively. Most speciose genera (in
order of richness) were Achnanthidium and Navic-
ula. Achnanthidium species dominated assemblages
in torrential mountain streams and rivers. Assem-
blages in the headwaters of SF streams closer to
the snowline (4. minutissimum — D. hyemale) dif-
fer from those in mid hills (4. minutissimum —
Cymbella excisa). The assemblages barely differ
among the basins. The diversity and evenness was
similar in GF and SF. The richness, however, seems
to be greater in GF, which may be related to highly
variable flows in a larger area and hence greater
number of microhabitats in a river than in a stream.
This is explained by the observation that 193 taxa
occurred at one station in GF Alaknanda, 252 taxa
from 13 stations in the Alaknanda-Ganga (Nautiyal

et al., 2004b) compared with 116 taxa from 4 sta-
tions in a SF stream in LH, while 182 taxa and 139
taxa respectively, in the Asan (16 stations) and Song
(13 stations) basins in DV. Similarly, 200 taxa were
recorded from 29 varied locations (2 GF, 5 SN, 22 SF
locations from 18 streams) of the Mandakini basin.

The density of macroinvertebrates was low in
the GF compared with SF (Table 2). The maximum
density declined from the Yamuna to Alaknanda (in-
cludes Pindar) basin, being least in the Bhagirathi
(attributed to Maneri and Tehri dams) and increased
eastwards in the SF Ramganga basins, which relates
to phytobenthos densities, possibly due to decreas-
ing latitude. The density varies seasonally; peak in
winter and fall during monsoon floods. The benthic
macroinvertebrates belong to 3 phyla, 12 orders and
31 families, primarily Trichoptera, Ephemeroptera,
Diptera and occur in both the GF and SF streams.
Trichoptera was the most family-rich order in GF
(Alaknanda, Yamuna, East Ramganga basin) and
SF streams (Mandakini, West Ramganga) of lesser
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Figure 1. Highly abundant fish species (species with highest number of individuals among all rivers/streams) in Lesser Himalaya
(LH) and Doon Valley (DV). Bb: Barilius bendelisis; Lg: Lepidocephalicthys guntae; Ld: Labeo dero; Pc: P conchonius; Pt: Puntius
ticto; St: Schizothorax richardsonii; Sp: S. plagiostomus; Sru: Schistura rupecola; Tp: Tor putitora. (Color figure available online.)

Himalaya. The collectors (gathering, filtering) pre-
dominate (>50%) in most of the GF and SF, and
scrapers form the second important functional group
(22 to 33%) in Lesser Himalaya (Table 2).

Singh et al. (1987) reported 69 fish species from
the Garhwal region, Husain (1995) reported 126
species from west Himalaya. Based on these and
other works Nautiyal (2005b) listed 133 species
from the State. The commonly occurring fish fauna
consisted of thirty four species from the GF and
SF tributaries of Lesser Himalaya (LH); 10 species
are common to GF and SF rivers/streams, 7 species
occur only in the GF rivers/streams and 17 only
to SF rivers/streams (Appendix IV). Snow Trout
(Schizothorax spp.) occur abundantly (40 to 60%)
in all GF rivers, except in the Tehri reservoir on the
River Bhagirathi due to accidental introduction of
Cyprinus carpio. The Snow-Trouts were abundant
in the Ganga (G) and Gomti (Gm), while loaches
in the Dhundseer Gad (D) and Kosi (K). Baril-
ius bendelisis is abundant in both LH and Doon
Valley (DV), but attains highest abundance in DV,
where Puntius and Tor spp. also occur in abundance
(Figure 1).

Effect of stream/river source
on large-scale distribution patterns

The composition of diatom flora was more sim-
ilar within the stem of Bhagirathi River than the

adjacent GF Yamuna basin (Appendix V in the SI).
Their resemblance with the Alaknanda is weaker.
Composition of the epilithic diatoms is entirely dif-
ferent in the major GF rivers Alaknanda (partly),
Yamuna and Bhagirathi (isolated small cluster at
bottom) compared to other GF and SF streams (large
cluster containing 2 sub-clusters each). The smaller
cluster on the top also separates GF Alaknanda and
its tributaries (Nandakini, Pindar, lower Mandakini
and its high altitude GF and SN tributaries). The
similarity among these GF rivers is attributed to
similar source (glacier) and because they are part of
the Alaknanda basin. Similarity with SN tributaries
of Mandakini basin is due to their proximity to the
snowline thus mimicking GF conditions for which
reason the abundance of diatoms is similar in them.
The larger middle cluster includes all SF streams of
Mandakini, Alaknanda, East and West Ramganga
(Gaula, Kosi) and lower Ganga (Khoh) basins, be-
sides the GF Mandakini and Nandakini. Probably
abundance of diatoms in high-order GF rivers tends
to be similar to low-order SF streams. Similarity ele-
vation range among these SF and GF sites may also
govern abundance. The smaller cluster is distinct
from others (large group) as it represents similarity
among the E. Ramganga3 sites.

The benthic macroinvertebrate assemblages
clearly segregate the Bhagirathi-Ganga from the
rest. The remaining locations were grouped into
three clusters; the uppermost GF Alaknanda, Nan-
dakini, East Ramganga and SN/SF Mandakini basin
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streams (Appendix VI in the SI). The two small
clusters are GF Yamuna and SF West Ramganga
basin, and other sub-basins of the Alaknanda and
Bhagirathi. There is notable similarity of distant GF
Yamuna to SF West Ramganga basin.

For the fish assemblages, the GF and SF rivers are
classified into two clusters; one exclusively of GF
Alaknanda and its sub-basins the Nandakini, Pindar
and Mandakini while the other of SF locations
mixed with GF E. Ramganga/Sharda, Alaknanda,
Bhagirathi and lower Ganga, possibly because some
species are common among them (Appendix VII in
the SI). Within the Alaknanda basin the SF Dhund-
seer Gad forms an exclusive cluster. This suggests a
clear cut demarcation of the GF fauna as they prefer
ice-cold waters and cannot tolerate water tempera-
ture of SF streams except in younger stages or dur-
ing monsoon floods. While the GF fauna is wide-
spread in the main river of each basin, some SF
fauna is restricted to certain basins viz. Kosi (Bali-
tora). Within the SF cluster there is no specific trend
and even distant streams resemble each other (e.g.
SF Bemunda of lower Ganga basin and SF Gomti
of East Ramganga basin, Bhilangana of Bhagirathi
with Sharda). The GF (East Ramganga; Sarju and
Bhagirathi; Balganga) basins are also similar with
Alaknanda and Mandakini basin. The Ganga basin
shows similarity with the Bhagirathi basin because
Bhagirathi is the founder tributary of the Ganga
River basin and therefore fish fauna is similar (Ap-
pendix IV in the SI).

Distribution is also restricted by altitude and
hence fauna of SF streams at higher elevation is very
different from mid and lower sections as observed in
SF tributary of the Alaknanda basin that formed a to-
tally separate cluster owing to entirely different fish
fauna. In SF the stream order also governs the fauna
and its composition. The highest elevations are in-
habited by snow trout, catfish and occasional loach
species. The fauna gets diversified in the foothills
in the main rivers as well in the SF streams/basins.
Snow Trout (Schizothorax spp.) dominates catches
(40 to 60%), in major GF rivers only (Figure 1). The
SF streams and basins have diversified fish fauna.
The SF Nayar and Khoh (lower Ganga), and the
Kosi and West Ramganga are spawning grounds
of the mahseer. Capture fishery is limited to the
reservoirs. Fish production (including aquaculture)
of the State is estimated to be 3000 tonnes per year
which is meagre compared with the national value
of 267 lakh tonnes. The diatom community in all
the SF streams/rivers is largely alkaliphilous (pH

7), saprobity is medium (B-mesosaprobous) and
trophic status ranges from mesotraphentic to eu-
traphentic. The organic pollution, degradation and
anthropogenic eutrophication are non-existent in
the Lesser Himalayan river basins of the Ganga
River system but exist in the Doon Valley (Nautiyal,
2009).

Structure of lotic ecosystems of the Doon
Valley

The water temperature (WT), current velocity
(CV), dissolved oxygen, total alkalinity and total
hardness were similar in Asan and Song Rivers;
while pH and conductivity were considerably higher
in the Song as compared to that in the Asan River
(Appendix III). Diatom flora consists of 77 to 109
taxa at 3 locations in the Asan basin and 19 to 123
taxa in the Song basin. Shannon Diversity is rela-
tively higher in the Asan basin (4.12 to 4.94; 0.71
to 0.8) compared with the Song basin (3.28 to 4.92;
0.73 to 0.95), but Evenness is higher in the latter, re-
spectively. As a rule Cymbella sensu stricto (Cy) is
the most speciose genus at 2 out of 3 locations in the
Asan basin and at 2 locations in the Song basin, with
Navicula sensu stricto (Na) at 4 out of 6 locations in
the Song basin. Either genus dominates at remaining
locations. Thus, Cymbella-Navicula or Navicula-
Cymbella combination is common at all locations
of the Asan compared to some in the Song basin.
Cymbella and Nitzschia (Ni) are speciose at Baldi
(receiving Sulphur springs) in the Song basin. Nav-
icula - Achnanthidium (Ac) and Navicula - Nitzschia
are speciose at one location each in the different
ecosystems of the Song basin. Gomphonema (Go)
is speciose though to a lesser extent in both basins
except in streams under severe anthropogenic influ-
ence where Synedra (Sy) is speciose (Figure 2).

Species richness and diversity of diatom com-
munity is relatively higher in the Asan compared
with variable richness in the Song basin (19 to 55
taxa at 3 locations, 95—123 at rest 3 locations). The
eutraphentic and S-mesosaprobic conditions relates
to relative severity of organic pollution, degrada-
tion and anthropogenic eutrophication in the Song
compared to the Asan basin, but ecosystems around
habitations are highly degraded in both basins. Asan
drainage show lesser degradation and anthropogenic
eutrophication (Appendix VIII in the SI). pH, salin-
ity, nitrogen uptake and moisture class are identical
in both basins of the Doon Valley but O, require-
ments vary. Water abstraction for agriculture and



Downloaded by [14.96.221.211] at 09:32 13 December 2013

370 Nautiyal et al./ Aquatic Ecosystem Health and Management 16 (2013) 362-373

Number
of
Species

25+
20 4
15

10 +

Diatom
Genera

Al A2 A3 S1 S2 S3 54
Rivers/Streams

Figure 2. Speciose diatom genera in some lotic ecosystems of the Asan and Song (Doon Valley). (Color figure available online.)

domestic use has disturbed the natural hydrologi-
cal regimes of the stream ecosystems and caused
instability. The stability of the Asan basin is also
supported by the prevalence of Cymbella-Navicula
and vice-a-versa. The Cymbella-Nitzschia in the
sulphur rich Baldi is in contrast to various combi-
nations of species-rich genera like Achnanthidium
and Nitzschia with Navicula. More combinations
are also due to flows of various magnitudes in rain-
fed streams, natural and sulphur springs, shallow
slow moving brooks with soft-sediments and with
stony bottoms in the Song basin. This also influences
the water chemistry causing variations in the flora
as well as associations. Nitzschia tolerates pollu-
tion and prefer phosphate rich waters (Jiittner et al.,
1996).

Benthic macroinvertebrate fauna comprised 18
taxa, primarily insect larvae-nymphs, highest in the
Asan (16 taxa) and lowest in Suswa (7 taxa; Ta-
ble 2). Total density is higher in the Asan (414-2680
individuals/m?) and Suswa (8913585 individuals/
m?) compared with the Tawa (167-935 individuals/
m?), draining agriculture and forest land represent-
ing near natural condition. The richness and den-
sity varies seasonally. Peak density occurs in winter
coinciding with least temperature but shows sum-
mer peak in the Tawa. Baetidae and Chironomi-
dae were most abundant families in forested ar-
eas of Asan and Tawa while Chironomidae in the
sewage-enriched Suswa (Table 2). Both families are
functionally collectors, depicting predominance of
detritus food-chain and heterotrophic state of ob-
served ecosystems in the Doon Valley, sewage and

forest being the source of detritus. Thus, municipal
wastes impact macroinvertebrate composition in the
headwater itself and lower sections as expected
were severely impacted, as assessed from diatom
community.

A total of 41 fish species are known from the
Asan River (Uniyal, 2002) and 34 species from Song
River (Uniyal, 2010). The fauna is dominated by
carps. The fauna of Asan consists of 28 genera, 12
families and 4 orders. The fauna of Song consists
of 25 genera, 9 families and 4 orders. The fauna is
common in both rivers but some fish species besides
new records are restricted to the Asan only (Ompok
padba, Wallago attu, Mystus vittatus, Heteropneutes
fossils). Colisa fasciatus and Nandus nandus is new
record for Dehradun district. There is high diversity
of Puntius spp. (6 species) followed by barils and
loaches. Few genera are represented by two species
while rest by single species only. Threat assessment
shows that 6 species (15%) each are Endangered
(EN) and Not Evaluated (NE), while 11 (27%) are
Vulnerable (VU) and rest are LRnt (Low Risk near
threatened) except one Data Deficient (DD) (Ap-
pendixIV). Barilius bendelisis is most abundant in
Burhi Tons (74%) and Asan (72%) and in the Asan
basin, while Barilius vagra is abundant in the Song
and Puntius conchonius in Suswa River (Ganga
drainage) of Song basin (Figure 1).

Hora and Mukherji (1936) described 36 fish
species from the eastern Doon, while Singh (1964)
described 21 species from the western Doon. Hu-
sain (1995) described 79 species from Dehradun dis-
trict, boundaries of which extend beyond the valley
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into the lesser Himalaya. Husain and Tilak (1995)
recorded 49 species from the part of Rajaji National
Park in Dehradun district of which 13 are com-
mon to the Ganga. The present study shows that
the fish fauna of Asan and Song basins is a mix-
ture of some essential mountain (with hillstream
modifications Schizothorax, Garra, Glyptothorax,
Schistura) and Gangetic plain elements (where
clupid, sisorid, balitorid, cobitid, gobid, mugilid and
many other genera are added besides minnows)! and
ornamental foothill elements of subfamily Rasbori-
nae. Besides the disruption and modification of the
food chain due to degradation of lotic ecosystems,
indiscriminate and overfishing has endangered 15%
of the ichthyofauna, particularly the Golden mah-
seer and Raiamas bola. Both are typically foothill
residents, but the mahseer occupies the glacial chan-
nels of the Ganga and Yamuna while the bola in the
streams/rivers like Asan and Song. Further, these
major rivers of the valley are the breeding grounds
of mahseer. Fish mortality was recorded in the Asan
at number of places due to pharmaceutical industries
while the Song is now deprived of its discharge and
fauna is limited to pockets, in protected area (Rajaji
National Park), because the fish fauna has been im-
pacted adversely after Dehradun became Capital of
the State. Tor putitora (EN), Puntius ticto (LRnt) and
P, conchonius (VU) prevail in the Song basin while
Barilius spp. in the Asan most of which are not so
threatened (LRnt) except Barilius vagra (VU).

Conclusions

Knowledge of ecology helps predictive abilities
for resource management. In the mountain river
ecosystems of the Ganga, the flora (diatom) and
fauna (benthic macroinvertebrate, fish) of the ma-
jor rivers, Yamuna, Bhagirathi and Alaknanda are
distinct from its GF and SF tributaries. The SN and
high elevation streams resemble more among them-
selves and with GF sub-basins of the Alaknanda
by virtue of one basin and proximity to the snow-
line. With few exceptions the SF streams at mid

!The minnows (family Cyprinidae) dominate the fish fauna
of India. The proportion of minnow species is much higher in the
mountain compared with the plain section of the Ganga. However,
the proportion of Cyprinidae to other families in the mountain
section is lower (8) than the Upper Plains (24), which increases
further till estuarine zone. Elements other than Cyprinidae in-
crease fish diversity at family level in the Plains thus diminishing
the proportion of minnow to other families (Nautiyal et al., in
press).

and low elevations (e.g. SF Bemunda of Ganga and
SF Gomti of E Ramganga basin) support consid-
erably similar richness and abundance of flora and
fauna across the basins, but no definite trend is evi-
dent. The epilithic diatom abundance segregates the
GF and SF, suggesting the variation in composition
caused by source of the river. Since a large cross
section of SF streams was sampled in all basins,
a better picture of the diatom abundance emerges
with respect to similarity among the SF basins; e.g.
Ramganga, Alaknanda and lower Ganga and within
the adjoining basins lower Ganga (Nayar, Khoh),
Ramganga W, Kosi, Gaula. Their similarity with
the Mandakini near the snowline is notable, just
as the distant SF Ramganga and the Yamuna basin.
For the fish the demarcation is pronounced among
the GF and SF basins.

High similarity among the adjoining basins com-
pared to the distant basins is attributed to their loca-
tion within a biome, as explained by biome depen-
dency hypothesis (Ross, 1963). The present study
shows that despite same biome the basins differ
depending on the source of its tributaries (glacier
and spring fed), a major factor in mountain river
ecology. Thus, even if the environmental condi-
tions appear very similar, as they do in mountain
streams almost everywhere, communities that are
assembled from distantly different species pools
are not identical. Further, the lotic ecosystems in
Lesser Himalaya differ from those in the Doon Val-
ley; especially in respect of different diatom assem-
blages. The macroinvertebrate and fish fauna are
similar, but vary in abundance. Their response to
the stress of rapid urbanization differs. Producers
(diatoms) that lie at the base of food chain and
are direct users of nutrients show that the magni-
tude of organic pollution, degradation and anthro-
pogenic eutrophication are high in the valley ecosys-
tems and non-evident in the Lesser Himalayan rivers
and streams. The macroinvertebrate community in-
dicates heterotrophic state of lotic systems in Doon
Valley, attributable partially to forested landscape
and mainly to the organic pollution (contributing
coarse and fine particulate matter) in the streams
of urbanised Doon Valley. Considerable number of
threatened and vulnerable fish species supports the
observation that degradation and anthropogenic eu-
trophication is rampant in Doon Valley.

Hydropower potential is an important strategic
asset for the economic development of Uttarak-
hand (World Bank, 2011), endowed with assets for
good hydro power potential (Joshi, 2007). Thus,
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multiple HEP’s are planned on major tributaries
of the Ganga, but the HEP’s are assessed as indi-
vidual development projects and when assessed for
its potential to impact, produce local impacts that
are ecologically and socially acceptable, but when
the effects of the numerous individual developments
are combined, impacts may become larger, additive,
or even new and therefore significant (Rajvanshi
et al., 2012). The immediate concern is to prevent
the death of the River Ganga. In past major dam pro-
posals have been withdrawn in India; the Silent Val-
ley (Gaur, 2007). There should be a limit on number
of tributaries on which HEP’s can be developed. The
environmental flows (required for the maintenance
of the ecological integrity of the rivers) should be
determined for existing HEP’s. The issues of Doon
Valley are different from the Lesser Himalaya. The
needs of the capital resulted in the massive urbani-
sation by irregular expansion without proper plan-
ning suddenly generated large volume of organic
toxic wastes, soil erosion accounting for high pollu-
tion load and degradation. All discharges ultimately
reach the major rivers of each basin, threatening the
habitats and their biodiversity.
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