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1. Introduction

1.1 Biology of diatoms

Diatoms (Bacillariophyta) are a species rich group ofelhilar, eukaryotic micro-
organisms, which are characterised by siliceous(6it,0) cell walls (Rounckt al
1990, Cox 1996). Their ecological diversity is reflected lgyrtbccurrence in almost all
aquatic habitats, where they play an important rojeriasary producers and in
geochemical cycling of various naturally occurring eletsémparticular C and Si
(Roundet al. 1990). The importance of diatoms as major autotrophs vibiona
substantial fraction of the organic biofilm and represergadily available food source
to primary consumers has been widely recognised (Andetsaln1999, Bergey 1995,
Bott & Borchardt 1999, Dillon & Davis 1991, Peterson & Bouli®99). Diatoms grow
on different aquatic substrates such as silt or mud (epgpetemblages), on sand
(epipsammic assemblages) and on stones or other haamdesu(épilithic assemblages).
They also live on other plants (epiphytic assemblagespa animals (epizoic
assemblages, Roumd al. 1990). They interact to varying degrees with the substrates
and assemblage composition on different substratediffansignificantly (Burkholder
1996). Because of short life cycle, species richness dasvepecies specific response
to environmental factors such as nutrient concentratBochardt 1996), acid-base
status (Smoét al 1986), salinity (Snoeijs 1999), dystrophy (Fallu & Pienitz 1999),
light (Hill 1996), temperature (DeNicola 1996), hydrologicalditians (Fritzet al

1999, Biggs & Hickey 1994), substrate character (Burkholder 1996) amchgr
(Steinman 1996) diatoms are sensitive indicators of alaaticbiotic environmental

conditions (Stevensoet al 1996, Stoermer & Smol 1999).



1.2 Diatoms as indicators of environmental change

Environmental change due to anthropogenic impacts haseaffewny freshwater
ecosystems (Steinberg & Wright 1994, Smol 2002, Welch & Ja200%). Monitoring
aguatic health using suitable indicator organisms has beiteneasingly important to
document changes, identify causes of impairment and hetgr beanagement and
implementation of policies to prevent further detexi@mm. Due to their abundance,
species richness, wide geographical distribution, easellettton and preservation,
relatively well known taxonomy and their centralerad aquatic ecosystems, diatoms
have been frequently used as bioindicators for a largge rahapplications in the
environmental and earth sciences (Stoermer & Smol 1998y, fidve been used most
often to assess environmental change and monitor watéycpfadtreams and deeper
lakes while their use in shallow lakes and ponds haslbssm®xtensive. Many studies
on lakes and ponds have applied paleolimnological techniqués stinilies on recent
periphytic assemblages were less frequent. Previous igatshs have often addressed
the two most common environmental problems affecting agaebisystems,
eutrophication referring to the enrichment by inorganicients such as phosphorus
and nitrogen (Mason 1991), and acidification resulting fteendeposition of acidifying
pollutants such as oxides of sulphur and nitrogen (Steinb&tgight 1994). Both can
cause considerable change in biochemical cycles and igal@gsemblages including
changes of the food web structure, decrease in diyensthe disappearance of entire
organism groups (Tilmaet al 1986, Schindler 1994). Many diatom species have
specific optima and tolerance ranges for nutrientsedsas pH and have therefore been
used successfully to quantify responses to changes inmutoiecentrations or acid-
base status (Fritzt al 1993, Dixitet al. 1993). A major focus has been on the

development of methods for paleolimnological reconsityns to demonstrate long-
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term anthropogenic impacts since the beginning of hum#darsents and
accompanying changes in land use (Bekal 1995), or to study more recent changes
in water quality since the onset of industrialisatiblal{ & Smol 1992, Anderson 1995).
Some studies have included large-scale monitoring prdgctegional assessments of
water quality to identify problem areas where lakes haes Imost severely affected
(Dixit & Smol 1994). Most investigations in standing watease used diatom
assemblages from sediment cores, while there are fewestigations on periphytic
diatoms from the littoral. However, diatoms are impottconstituents of the periphytic
algal assemblages in the littoral zone of lakes and pamdisheir use as indicators
might be advantageous patrticularly for smaller watelids) where frequent
disturbances can prevent the accumulation of unintexdugdiment records, or in
remote regions due to logistical constraints the cadleof sediment cores can be
difficult. The response of littoral diatom assemigisgo changes in water quality such
as increased nutrient loading can be rapid (Hawes &SI18092), and this can be
beneficial to detect localised or short to medium tehanges for example acid
episodes after snow melt or pollution resulting frdva telease of sewage. A number of
studies have shown that diatoms from littoral areasrchoate major environmental
gradients. They reflected changes in pH, salinity dsagseconcentrations of nutrients,
calcium and silica in ponds of the Arctic (Lebal. 2001, Douglas & Smol 1993,
1995). In Germany diatoms from stones and macrophyticgpiarnkhe littoral were
investigated in oligo-, meso- and eutrophic lakes to deriy@hicqreferences of species
and to develop a trophic diatom index (Hofmann 1994). Round (1957ded littoral
sediment diatoms to determine trophic preferences infaselakes of the English
Lake District, and in Spanish shallow lakes they weesl iis assess trophic and

saprobic conditions (Blancet al. 2004). Effects of nutrient enrichment and the
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importance of inorganic carbon for assemblage composfiepilithic diatoms in an
oligotrophic, softwater mountain lake were discussed leglélihauser and Schanz
(1993). Littoral diatoms have also been successfully egpéi monitor acidification in
alpine lakes (Tolotti 2001 a,b) and in moorland pools iMNtetherlands and Belgium

(Denys & van Straaten 1992, van Dam & Buskens 1993).

Several studies have evaluated the use of differentratdxsto monitor water quality.
Although stones are the most commonly used substratesofutoring in running
waters (Kellyet al 1998), importance of other substrates and their use foitonog
lakes and ponds has been advocated @tial 2001, Poutikovaet al. 2004). Kitner &
Poulitkova (2003) found assemblages from different substrates sisthraes,
macrophytes and sediments equally suitable to indicgibitratatus of fish ponds,
howerver, Poutkovaet al (2004) observed assemblages from different substrates
indicating different trophic status for the investigatiéelsswhere only epiphytic diatoms
from young macrophytes were significantly correlatedhwlosphorus concentrations.
These results suggest that the most suitable substigtié vary depending on local

conditions and has to be specifically selected for eaghication.

So far most studies using diatoms as indicators havedoeelucted on lakes, while
much fewer studies have involved in smaller standing vitéles. However, ponds
and small lakes can be species rich and their diveitsieals can play a key role in
safeguarding aquatic biodiversity (Williarasal 2004). Though values of small lakes
and ponds for a range of organism groups in particular ampbkjmaacroinvertebrates
and macrophytes are well known (Brodnedral. 2003, Nicolekt al 2004), the
potential of diatoms as indicators of ecological condgiaffecting biodiversity in these

ecosystems has not been sufficiently exploited. iBhimfortunate since small lakes and



ponds are threatened by numerous anthropogenic impactaseakrophication,
acidification and pollution from a range of industrialiszes (Pechar 2000, Ruan &
Gilkes 2000, Graney & Eriksen 2004, Raal 2004, van Dam & Busken 1993) and
are often degraded or lost due to poor management and inappeqpnatection. The
role of ponds for diversity, biogeography and conservati@hatoms has also rarely

been addressed (Jones 1996, Flower 2005).

1.3 Standing waters in Nepal

Nepal is rich in freshwater resources with an eseh&000 rivers, 660 lakes and ponds
with more than 1 ha in surface area and numerous smadter bodies (CBS 1995,
Shrestha 1995). There are varieties of natural lake sgugsas glacial and tectonic
lakes in the mountains or oxbow lakes in the lowlaad$jcial ponds many at prayer
sites and fish ponds. Direct human influence is madient in remote aquatic systems
of the high Himalaya (Lami & Giussani 1998), but can bensitee and lead to
eutrophication, pollution and degradation at intermediaitei@ds and in the lowlands
particularly in urban and agricultural areas (Pandit 19992B00, Thapa & Weber
1995). Both lakes and ponds are important ecosystems playitad @ole as habitat for
flora and fauna and serving as water resources for domssticsuch as farming and
house hold purposes. In spite of their diverse signifiedhere are only a relatively
limited number of studies on lakes and ponds in Nepal ilgatstg various aspects of
their limnology (Ferro 1978, Okino & Satoh 1986, Aizakal. 1987, Nakanishet al
1988, Jonest al 1989, McEachern 1994, Rai 1998, Tar&ral 1998, Rai 2000,

Lacoul & Freedman 2005), plankton, macrophytes, macroiraties (Loffler 1969,
Mancaet al. 1998, Bhateet al 1999, Lacoul & Freedman 2006) and environmental

change (Lamet al 1998). There are very few data on diatoms in standitgravaf



Nepal. Apart from Hickel (1973a, b) and Lohmetral. (1988), who investigated
diatoms in the phytoplankton of lakes and ponds froniKdtemandu and Pokhara
Valleys, other investigators in Nepal studied diatomglieiofreshwater ecosystems
such as streams and springs (Juteteal 1996, Rothfritzt al 1997, Cantonagt al
2001, Juttneet al 2003, 2004, Dahal & Juttner 2004). Benthic diatoms in ttoerdit of
small lakes and ponds, and their potential use as biatod&for environmental change
has so far not been investigated. Their inclusion irogical monitoring would
however be beneficial since there are multiple tlsreafreshwater ecosystems in
Nepal. These include phenomena which occur naturallyadbighly dynamic
processes linked to geographical character such as geomayhobb climatic
conditions, in particular erosion, transportatiomisentation and other hydrological
changes. In addition, human practises such as lanchasge, for example
deforestation, urbanisation, intensification of agriatgt industrialisation, increase
polluting emissions and direct inputs of sewage, pestia@ddther pollutants into
freshwaters (Ives & Messerli 1989, Thapa & Weber 1995)aeasifying these threats.
At the same time, rising water demands for a fast g@wopulation adds to the
complex problems of conservation and sustainable usesé resources. The
overwhelming importance of Himalayan waters for witllknd the livelihood of
millions of people in Nepal and northern India as wsltheir great cultural
significance demands a greater effort to gain basic ledye about these ecosystems
and develop strategies and methods to monitor environnadatage and protect them
in the future (Subba 2001). This study is a contributioactieve these aims through
the investigation of diatom assemblages in relatiomr@nmental conditions in
different types of standing water bodies in the Negaleslands (Koshi Tappu), in the

Middle Hills (Kathmandu Valley) and in the high Himala¥@osainkund) (Fig. 1). It



investigated physical and chemical conditions as weittasdl diatom assemblages in
lakes and ponds in three geographical areas of Nepal, stageing waters are subject
to a range of anthropogenic impacts, which have potentiativegdfects on aquatic
biodiversity. Here, | address particular issues suclhesical and habitat change in
densely populated and intensively used agricultural areae dfiddle Hills and the
lowlands, and acidification through long distance trartspioair born pollutants in a
remote mountain area and whether diatoms can be usgniradicators to assess and
monitor such impacts in these freshwater ecosystenasldiion, it also investigated
whether assemblages on specific substrates are petiicsuitable to indicate

environmental change.
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INDIA
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Fig. 1.1 Areas of investigation in Nepal
(Koshi Tappu in the lowlands, Kathmandu Valley in the MiddlésHind Gosainkund area in
the high Himalaya).



1.4 Main objectives

The main objectives of this study were to investigate dhaltversity and assemblage
composition from a range of microhabitats in the lgtaf lakes and ponds in three
geographical areas of Nepal and their relationships to #ubegts of chemical and

habitat characters of the lakes and ponds and immesiateundings.

In the Middle Hills, diatoms were studied from ponds amdltlakes in densely
populated urban and agricultural areas of the Kathmandu Mallegsess whether they
can be used as indicators of pollution, and whether dgfoom different microhabitats
would respond in similar ways to major gradients in cloah@nd habitat character.
Difference in assemblage composition on stones, walsrophytes and sediments and

their potential for substrate preferences were alsesiigated.

In the lowlands diatoms were investigated from pondd®@Koshi Tappu Wildlife
Reserve and adjacent agricultural areas to evaluatievhiibey can indicate chemical
and habitat change resulting from intensive agricultutbam catchments. The
response of epiphytic and epipelic diatoms to chengiadients in the surface and
interstitial water was investigated to assess whethiphgtic and epipelic assemblages
indicated the same gradients in the surface water aathethepipelic assemblages
responded equally to gradients in the surface and in testimial water. Differences in
assemblage composition and diversity of epiphytic amgkép diatoms including their
substrate specificity as well as differences in astsgelcomposition in epiphytic

microhabitats on aquatic macrophytes were investigated.

In high altitude diatoms from the Gosainkunda lakes werestigated to assess

whether diatoms and water chemistry indicate diffees in acid-base status between



autumn and spring after the snow melt. Epilithic diateseanblages in both seasons
were studied to assess their response to gradientenmad and habitat character and
whether they responded to the same gradients in autwhgpang. In spring diatoms
were also studied from stones, sand, sediments anaphgtes to assess assemblage

composition and diversity in the respective substrates.
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2. Diatoms in ponds and small lakes of the Kathmandu Valley\epal —

relationships with chemical and habitat characteristics

2.1 Abstract

Diatoms were examined in twelve ponds and four small lakd®e Kathmandu Valley,
Nepal, to assess their biodiversity, response to envinot@aneonditions and potential
use as bioindicators for water quality. They were invagtd from different substrates
and relationships with water chemistry and habitat characere assessed. In total 213
diatom species were found with 98 taxa at relative amosta> 1 %. The most species-
rich genera werdlavicula(42), Gomphonem&39), Achnanthesensu lato (27),
Nitzschia(27) andFragilaria sensu latq20). Species diversity was low (mean 0195
0.17 sd) and most assemblages were dominated by 1-3 taxa. Thoeptpef the taxa
found could not be identified using relevant literature. #®seauchness, diversity and
evenness were not related to water chemistry or haigaaicter, but varied
significantly on different substrate types and were érgh the sediment compared to
stones and macrophytes. At five of seven sites, wheegadesubstrates were collected,
the most abundant species occurred on all substraaen(€al correspondence
analysis (CCA) revealed that changes in species congogiere most strongly
correlated with gradients in water chemisthghnanthidium minutissimumas
characteristic at sites with higher Ca concentratiaile Eolimna minimaNitzschia
palea Nitzschia paleaf. var.debilisandGomphonema parvulumdicated higher
concentrations of K, Cl, Na, As, Ni, Fe and Bl.minimaandN. paleawere also

typical at sites with higher concentration ofSOr and Al. Assemblage composition
was also significantly correlated with habitat chanasteh as aquatic vegetation,

substrate composition, bank character and land use.
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2.2 Introduction

Ponds and small lakes are important habitats for aquatia. Gihere is an increasing
number of studies investigating their diatom diversitgeilation to major environmental
factors (Douglas & Smol 1993, Gaisaral 1998, m et al 2001a), to reconstruct
environmental change (Bennion 1994, Denys 2003) or to predictvtiee for
biodiversity (Bellemakers & van Dam 1992, van Dam & BuskKE3%3). However, only
a few studies exist that use diatoms to monitor pollutigponds despite impacts from
agriculture and industrial emissions such as eutrophicegguiting from agricultural
runoff and fish farming, metal contamination from minighaties, and atmospheric
deposition of emissions from metal industries and powetpl@echar 2000, Ruan &

Gilkes 2000, Graney & Eriksen 2004, Ratal 2004).

During the last decades many standing waters in the Kathméalley, Nepal, have
been degraded or have disappeared due to the expansiotteafesats, heavy
abstraction of groundwater for consumption and the irftesson of agriculture (Jha
1992). Many of the remaining ponds are artificial, oftemegséd at prayer and
recreational sites or were formerly used as fish pdvidst of the former fish ponds
will either dry out or become overgrown by plants withishort period of time due to
the lack of management and will therefore lose theieqi@l as refuge for aquatic life
in this area. Most of the artificial ponds are pollutiee to urban runoff and sewage
inputs from various sources, and some have experiencedlfss{Baral pers. comm.).
Information about the biota is patchy and restrictedfewasites such as the small,
ancient Lake Taudaha, where a restoration project wdsnmemted by a local
conservation organisation (Bird Conservation Nepal 1997IBa&rs. comm.). Since

these ecosystems are the last remaining refuges Kathenandu Valley for lake or
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pond biota, an inventory of their biodiversity as welbppropriate management
guidelines for conservation are timely. It is particlylaiseful to include diatoms in
such investigations, since they have been used succgssfather studies in Nepal to
assess the influence of environmental factors on biodiyé@rmerodet al 1994,
Rothfritzet al. 1997) and to monitor pollution (Juttnetral 1996, Juttneet al 2003).
There are few published studies about lakes and ponds in, \depadularly in the
Middle Hills. These include investigations on the phytoplankdf ponds in the
Pokhara and Kathmandu Valleys (Hickel 1973, Lohmeiaal. 1988) and on the water
chemistry of lakes and ponds in the Nepalese Middls Hiid lowlands (Jones al
1989). This is the first study on benthic diatoms in standiaters of the Middle Hills.
Our aim was to investigate diatom diversity and assemblageasition in ponds of
the Kathmandu Valley with respect to (i) their distribaton different substrates in the
ponds such as macrophytes, stones, walls and sedimeift) &neir relationship with

water chemistry and habitat character of the ponds,lithek and the catchment.

2.3 Materials and Methods

2.3.1 Study area
The study area in the Kathmandu Valley°®85 - 85°30’ E, 2735 - 27°47’ N)
extended from the settlements of Thankot in the viBdstktapur in the east, Sundarijal
in the north, and Godawari in the south and includedities of Kathmandu and Patan
(Fig. 1, Table 1). We investigated sites in densely populatehwareas and villages (8,

of which 6 were at prayer sites), in agricultural arf@as
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Kathmandu
Valley

P1

P
P9
N

Fig. 2.1 Locations of study sites in the Kathmandu Valley
(P1 - P16 indicates the assessed sites, codes for niedlages: K = Kathmandu, P = Patan,
B = Bhaktapur, T = Thankot, S = Sundarijal, G = God@&war

and in public parks (3). The pondsZ ha) and small lakes were located between

1290 — 1600 m altitude a.s.l.. The ancient Lake Taudaha (PXh&vasly remaining
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natural lake in the Kathmandu Valley, the other fiftet@s were artificial, some of
which date back several hundred years and have great cuttipaatance. All but two
sites were located in areas underlain by base catioiPlic- Pleistocene fluvial
sediments, lacustrine clay deposits or calcareous rdeks ponds were situated on the
northern slope of the Kathmandu Valley consisting of-lasffered Precambrian

metamorphic rocks comprising gneisses, quartzites and marbles.

2.3.2 Field and laboratory procedures
In March 2002, 16 sites were surveyed. Conductivity and pH messured on site
using portable meters (pH 340A, LF 197, WTW Weilheim, Germahigter chemistry
samples were filtered (0.46n, 2 x 30 ml) and one sample for cation analysis aelifi
on site with 1 ml nitric acid. Some elements wereyas®l by inductively-coupled
plasma optical emission spectrometry (ICP-OES fpFA, Mn) and inductively-
coupled plasma mass spectrometry (ICP-MS for Ni, ZnPhs Department of
Mineralogy, Natural History Museum, London). Anions (RQs, PQy, SQy) and other
cations (Na, K, Mg, Ca, Nhjiwere analysed by ion chromatography (Department of
Mineralogy, Natural History Museum, London). Total inariganitrogen was estimated

as the summed concentrations ofdd@d NH..

Habitat character was assessed recording 67 variables e#dschbed substrate
composition of the littoral (lowest water level - 2b@yond), the riparian zone (lowest -
highest water level) and the bank, aquatic vegetatiolk, fyariile and vegetation, trees

within 50 m of the sampling site and surrounding land use w00 m.

Diatoms were collected from available substrates ssichacrophytes (mac), fine
sediments (sed), stones or bricks (sto), and concréie (wal, Table 1), and preserved

with formalin (c. 4% final concentration). Samplesnr at least ten stones or bricks in
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several locations of each pond were taken using a toothlamngtirom concrete walls
by scraping the wall also at several locations with gelrade. For epiphytic diatoms
leaves and stems from different species of macrophyte=veral areas of the pond
were collected and digested whole. At ponds where fidenesmt was present and
within reach the upper centimetre of the sediment whsated at a number of locations
within the pond using a polyethylene tube, 3.5 cm in diametn@ounted to a wooden
stick, by sliding it across the sediment surface. Tdarsnt sample was digested
whole. Samples were processed using standard methgdsft oxidation, Naphrax
as mountant). A minimum of 500 valves were counted andifgiehat 1000 x
magnification (Zeiss Axioplan, DIC) and relative aburgEmwere calculated.
Identifications were based on Krammer & Lange-Bert@de86-1991), Lange-Bertalot
& Krammer (1989), Krammg1997), Reichardtl999), and for some nomenclatural
revisions we followed Williams & Round (1987), Round & Bukhtyea (1996) and

the diatom software Omnidia (Version 3, Lecoietal 1999).

2.3.3 Data analysis
To reduce the dimensionality of the original data matriwater chemistry and habitat
character and derive major chemical and habitat grademigonmental parameters
were reduced by principal component analyses based oratommehatrices (PCA,
MINITAB 14). To derive two separate sets of habitat ppatcomponents representing
different aspects of the pond and its surroundings, halait&tbles were divided into
two groups to describe bank / catchment character and porattraDimensions (e.g.
bank height) were log-transformed and arcsine transtiwmwas used for proportions
(e.g. percentage substrate type). Presence / abse¢egeras (0, 1, 2> 309, e.qg. for

aquatic vegetation) were not transformed.
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To derive principal components reflecting gradients ireweahemistry | performed two
PCAs. PCAL used chemical data from all 16 ponds and idzhéfponds which

differed substantially in their chemical charactenirthe other ponds. In a second PCA
only chemical data from twelve ponds were used aftefotirechemically different

ponds (P11, P12, P13, P15) were removed from the analygisoflthose (P12, P13)
were located on base-poor bedrock, and one (P15) wastalamogletely covered by

water hyacinth. Chemical data except pH were log-tramsfd prior to ordination.

Diatom diversity H’ (Shannon diversity index) and evesseere calculated. Species
richness was calculated using Rarefaction on PRIMERff&rénces in species
richness, diversity and evenness between differentratistwere investigated using
one-way analysis of variance (ANOVA on MINITAB 14)lltawing procedures
recommended by Fry (1994). Relationships between spedeess, diversity H’,
evenness, habitat principal components and chemistry prircipgonents (PCA2)

were explored by regression (MINITAB 14).

To investigate relationships between variations ieragdage composition and
environmental gradients with respect to habitat and chépheaacter in twelve ponds
a canonical correspondence analysis (CCA, CANOCO 4.8)pedormed. Four ponds
which were chemically very different were excluded friin@ analysis. For
environmental variables in the CCA we used PCA axes l+@sdescribing habitat
character of the ponds and the banks / catchmentsctieghe and water chemistry in

twelve ponds (chemistry PCA2).
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Table 1.  Ponds surveyed for diatoms, water chemistry abitdtacharacter in the Kathmandu Valley, Nepal, &ha2002.
Site Name of pond  Location Position Length/width Substrate Main land use within Collected substrates Observed/known use
code (north, east)  (m) approx. 100 m
mac  sed sto  wal
P1 Taudaha Lake Taudaha, south of 27° 38.88’ 400/300 Natural Agriculture X X X Water fowl
Chobhar 85° 17.05
P2 Dhungapokhari Kirtipur 27° 40.50 30/20 Artificial Settlement, sealed X Water fowl, washing
85° 17.05 surface
P3 Thankot 27° 41.65 25/15 Artificial Settlement, forest, sealed X Prayer area, washing
85° 12.91 surface
P4 Balaju Water Garden, 27°44.24’ 35/10 Artificial Managed park X Public park
Kathmandu 85° 17.85
P5 Malpokhari North of Chobar, near 27° 40.21 30/5 Natural Pasture, rough grassland X X Remgiaiea of
Bagdol 85° 17.87 former fish pond
P6 Zoo pond Jawalakhel Zoo, Patan27° 40.35’ 200/150 Natural Animal shelters, trees X Pupditk, boating
8E° 18.77
P7 Godawari, below fish  27° 36.00’ 150/30 Natural Agriculture, trees X X Picnic area
farm 85° 23.35
P8 Godawari 27° 35.86’ 20/10 Artificial Settlement, forest, sealed X Prayer area
85° 23.36 surface
P9 Botanical Garden, 27° 35.97 25/15 Artificial Managed park/forest X X Publiar
Godawari 85° 23.18
P10 Ranipokhari Near Ratna Park, 27° 42 .41 250/250 Artificial Settlement, road X Prayereaare
Kathmandu 85° 19.06
P11  Naranpokhari Near south gate Royal27° 42.78’ 15/15 Artificial Settlement, road, sealed X X Prayer area
Palace, Kathmandu 8E5° 19.35 surface
P12 North of Sundarijal 27° 46.08’ 400/20 Natural Agriculture, forest X X Reservoir
8E° 25.55
P13 Sundarijal 27° 4577 30/10 Artificial Settlement X Sedimentation tefok
85° 25 41 drinking water supply
P14  Siddhapokhari Bhaktapur 27° 40.29’ 200/100 Atrtificial Settlement, sealed X Prayer area
8E5° 25 39 surface
P15 West of Bhaktapur, 27° 40.58’ 100/100 Natural Settlement, pasture X X Overgrdamer fish
north of Sallaghari 8E° 24.73 pond
P16  Kamalpokhari Kamalbinayak, 27° 40.56’ 200/150 Artificial Settlement, sealed X Prayer area
Bhaktapur 85° 26.42' surface
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2.4 Results

2.4.1 Habitat character and water chemistry
Habitat character varied particularly between ponds artificial concrete basins and
those with other substrates. At ten ponds, most of Higmayer sites, the dominating
substrate was concrete. Cobble sized substrata (64 — 25ndrajnaller substrata
such as pebble, gravel, sand and silt were most commom aithir six sites, which
included former fish ponds, the zoo pond and the natural Lakéaha. Macrophytes
were present in seven ponds, filamentous green alga&ealbandant at two sites (P1,
P5) and green algae blooms occurred at three sites (PR F)4 At eight ponds the
banks were 90% bare, while grass and herbs were most common airtizening
sites. On the banks, scrub and trees were prestve aites, and trees were common
within 50 m of the sampling site at eight ponds. Shadirlgssfthan 30% of the littoral

was recorded at six ponds.

Ordination of bank and catchment variables resultedreetprincipal components
explaining a total of 67.7 % of the variance (Table 2). FB315(%) reflected
differences between natural banks with sand or pebbkrstia and vegetation, mainly
located in agricultural catchments, and bare artificgadks mainly found in settlements.
Bank / catchment PC2 (17.2 %) reflected differencesbstsate size from silt to pebble
/ sand of natural banks and a difference in land use frasture to trees, while PC3
(16.0 %) reflected differences in substrate size fromisitobbles and land use from
pasture to agriculture. The first three principal compandascribing pond character
explained 76.0 % of the variance and reflected differeimcpsnds with respect to

substrate types and vegetation. Pond PC1 (38.7 %) repreaasiiadge from
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Table 2. Water chemistry principal componei(water chemistry PCA 2 for 12 ponds) and habitatggoal componentreflecting major environmental gradients in poand
small lakes of the Kathmandu Valley, Nepal, Ma2€i02, and most important variables.

Chemistry Pond habitat Bank and catchment character
Principal components PC1 pPC2 PC3 PC1 pPC2 PC3 PC1 2 PC PC3
% Variance 331 22.4 13.6 38.7 22.2 15.1 345 17.2 16.0
Eigenvalue 6.6 4.5 2.7 7.3 4.2 2.9 12.4 6.2 5.8
Positive correlation Ca Mg SO, Concrete littoralConcrete littoral Submerged Steep bank Pasture Underwater
and loadings (0.289) (0.417) (0.518) (0.296) (0.233) plants (0.451) (0.230) (0.315) roots (0.297)
Conductivity Sr Concreterip. Concrete rip. Emergent herbs Scrub Silt bank Pasture
(0.400) (0.262) zone (0.294) zone (0.233) (0.333) (0.228) (0.313) (0.227)
Niot Al Sand Sand bank Gentle bank Silt bank
(0.364) (0.221) littoral (0.311) (0.217) (0.233) (0.213)
Sr Filamentous Herbs Resectioned
(0.288) algae (0.259) (0.213) bank (0.193)
Ca Pebbles bank Fallen trees
(0.280) (0.210) (0.183)
Overhanging
boughs (0.183)
Negative correlation K Al Mn Gravel Silt rip. Cobbles rip.  Vertical bank  Pebble bank Scrub
and loadings (-0.368) (-0.269) (-0.348) littoral (-0.340) zone (-0.479) zone (-0.365) (-0.267) (-0.236) (-0.306)
Cl F Fe Gravel rip. Silt Boulders Concrete bankPartly reinforced Cobble bank
(-0.361) (-0.273) (-0.345) zone (-0.339) littoral (-0.465) littoral (-0.340) (-0.261) bank (-0.225) (-0.266)
Na pH Pb Cobble Rooted floating Pebbles rip. Embanked Fallen trees  Agriculture
(-0.350) (-0.175) (-0.341) littoral (-0.315) leaves (-0.330) zone (-0.239) (-0.261) (-0.225) (-0.263)
As Pb Sand rip. Width rip. Weir, dam Overhanging Reinforced ban
(-0.335) (-0.171) zone (-0.311) zone (-0.313) (-0.237) boughs (-0.225)  (-0.231)
Ni Pebble Bare bank  Woody debris Vertical + toe
(-0.311) littoral (-0.279) (-0.232) (-0.216) bank (-0.231)
Fe Sand bank Trees
(-0.273) (-0.211) (-0.197)
Al Herbs
(-0.335) (-0.176)
Riparian roots
(-0.171)
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concrete to a natural substrata with gravels, cobsée®] or pebbles. Pond PC2 (22.2
%) reflected a substrate change from concrete twiile PC3 (13.6 %) represented a
change from a sandy littoral with plants to a liloxith boulders and cobbles /

pebbles in the riparian zone.

Variation was identified for most measured water clsamvariables at ponds in
central and southern areas of the Kathmandu Valleyhaitie-rich geology. Here
conductivity ranged between 134 — 368/cm (402 and 67@S/cm in two ponds P11
and P15), and Ca ranged between 15.5 — 52.4 mg/L (68.6 mg/L in Piigs Veere
much lower with 22 / 28S/cm and 2.4 / 2.7 mg/L Ca at the two sites (P12, P13) on
the base-poor northern slope of the valley (Table @alThitrogen concentrations
varied between 0.0 — 1.5 mg/L for most ponds, but reachedrhiglues of 2.2 and
12.6 mg/L at pond P11 and P15, respectively. These two potius eentral part of
the Kathmandu Valley differed in chemical character faiher ponds and had much
higher conductivities and very high Ca concentratiori®lih. While P11 did not

differ in habitat character from many other ponds, P15 akiaost entirely covered by
water hyacinth and had much higher concentrations of measured anions and
cations. The different chemical character of thesegonds in the base-rich central
part of the valley as well as two ponds (P12, P13) irb#ise®-poor northern part of the
valley was also captured by ordination (water chemR@®Q1, Fig. 2a). For the other
base-rich ponds P1-10, 14, 16, ordination (water chemistA2P(@vealed three
major trends in chemical character explaining a tot&Poi % of the variance in the
chemical data (Fig. 2b). The first principal component (88) Xeflected increased
concentrations of Ca and a decrease in concentratfdqsCl, Na, As, Ni, Fe and Al.

The second principal component (22.4 %) reflected highetustivity and increased
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Table 3. Water chemistry of ponds and small lakes of #terilandu Valley, March 2002.

Site code pH  Conductivity Na K Mg Ca Cl Niot PO, SO, Al Mn Fe Ni Zn As Pb

pS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/lL mg/L mg/L mg/L giL pg/L pg/L  pg/l g/l
P1 7.8 241 6.1 4.2 79 412 5.9 0.4 0.000 5.0 0.010 0.025 0.079 1.08 3.75 0.71 0.05
P2 8.8 333 245 27.7 6.2 380 214 15 0591 2.7 0.015 0.295 0.567 1.34 401 0.81 0.20
P3 8.0 228 21 0.8 51 50.1 0.4 0.3 0.000 2.5 0.013 0.006 0.014 0.6714.68 0.24 0.08
P4 8.5 191 103 1.1 32 329 2.2 0.0 0.000 3.8 0.015 0.009 0.060 0.55 393 0.94 0.06
P5 7.3 269 182 349 55 168 37.0 0.2 0.000 0.1 0.054 0.225 1.890 2.02 558 180 0.79
P6 8.8 360 253 135 10.1 450 244 0.9 0.000 12.2 0.012 0.006 0.027 0.75 4.38 0.48 0.09
P7 8.0 222 15 0.7 32 524 03 0.0 0.000 0.9 0.011 0.023 0.032 0.67 424 0.28 1.72
P8 7.8 221 1.3 0.7 3.0 512 0.2 0.2 0.079 0.9 0.009 0.002 0.005 0.69 3.38 0.20 0.07
P9 8.4 195 21 1.0 31 475 03 0.1 0.000 0.9 0.013 0.011 0.020 0.72 273 0.27 0.04
P10 9.7 200 226 11.3 25 175 244 0.1 0.000 4.4 0.171 0.007 0.024 261 525 168 0.23
P11 6.8 402 16.8 8.2 81 686 115 2.2 1601 11.3 0.009 0.031 0.030 241 746 115 0.11
P12 7.8 23 44 0.7 0.5 2.7 0.3 0.1 0.000 0.4 0.034 0.002 0.014 0.23 1.28 0.42 0.05
P13 7.5 22 43 0.6 0.5 24 0.2 0.1 0.000 0.2 0.031 0.004 0.022 0.19 1.32 0.37 0.05
P14 8.1 152 6.4 6.1 36 256 54 0.0 0.000 1.0 0.056 0.004 0.039 0.78 529 0.29 0.18
P15 7.0 679 56.9 59.1 17.6 504 948 126 16.156 37.7 0.016 0.252 0.188 2.7112.06 2.26 0.14
P16 9.9 134 10.2 8.7 22 155 52 0.3 0.000 3.2 0.076 0.013 0.583 0.86 418 1.11 0.68
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Fig. 2.2 Principal component analysis of water chematiKathmandu Valley ponds

- (a)sixteen sites and (b) twelve twelve sites.

concentrations of Mg, total N, Sr and Ca but lower cotregions in Al, F and Pb, as
well as lower pH (range 7.3-9.9, Table 2, 3). The third ppadatomponent (13.6 %)
represented higher concentrations in,S& and Al, and lower concentrations inMn, Fe

and Pb. There were no correlations between principapoaents describing changes in
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chemical character and those describing changes in heteticacter. Trends in water

chemistry were also not related to land use.

2.4.2 Species richness, diversity and microhabitat distribution
In total 213 diatom species were found with 98 species prasegiative abundances >
1 %. Of these 29 (30 %) could not be identified after rigoseasching of relevant
literature, although most of the unidentified taxa wereafoindant. Twenty two
Gomphonemapecies (8 > 1 %) could not be identified, followed\&avicula(11, 5> 1
%) andFragilaria sensu lato (8, 2 > 1 %). The most species-rich gener@Navicula
(42), Gomphonem#39), Achnanthesensu lato (27) including taxa formerly in
Achnantheswhich have been transferred to other genera sudblasanthidium
PlanothidiumandPsammothidiunNitzschia(27) andFragilaria (20). Other genera
were represented only by five or less species. Most peads dominated by one to
three species (relative abundances > 20 %) and one@pecies with relative
abundances > 10 % (Fig. 3). The most common and abundamsspes
Achnanthidiunminutissimun(Kutzing) Czarnecki. Other common taxa included
Nitzschiapaleacf. var.debilis (Kutzing) GrunowEolimnaminima(Grunow) Lange-
Bertalot andNitzschiapalea(Kutzing) W. Smith (Fig. 3, Table 4). There were marked
differences in assemblage composition. Twelve pondsawcead taxa at > 5 % relative
abundance, which were rare or absent at other siteseThxa includeBragilaria
nananalLange-Bertalot (P1 stones 71 %, sediment 37 %, macropRy&),Epithemia
sorexKiitzing (P4 wall, 63 %) and several unidentified taxa lglomnto the genera
Gomphonemé3), Navicula(2), Achnanthidiun{1), Aulacoseira(1), Diploneis(1) and

Fragilaria (1).,
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Fig. 2.3 Relative abundances of common and / or abundant diptanes in sixteen ponds and small lakes in the Kathmaadtky .
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Table 4.

diatom species in 16 ponds and small lakes of #itbridandu Valley, Nepal.

Common (occurrence at six or more sites withr@mim of 1.5 %) and / or abundagt10%)

Taxon

Achnanthidiunsp.1

Achnanthes inflata
Achnanthesninutissima
Achnanthesubhudsonis
Aulacoseiracf. crassipunctata
Cocconeiglacentulavar. euglypta
Cyclotellacf. bodanicavar.lemanica
Cyclotella ocellata
Cyclostephanosf. invisitatus

Cymbellacf. subleptoceros
Diploneiscf. boldtiana
Epithemia sorex
Pseudostaurosira brevistriata

Fragilaria capucinavar.1
Staurosira construengr. venter
Staurosiracf. elliptica

Fragilaria nanana
Staurosirella pinnata
Gomphonemaf. pseudoaugur
Gomphonemaf. angustatum
Gomphonemaf. angustatunvar.1
Gomphonemaf. angustatunvar.2
Gomphonemaf. minutum
Gomphonemaarvulum
Diadesmiscf. confervacea
Naviculacryptocephala
Naviculaheimansioides
Naviculamicrocari

Eolimna minima

Sellaphora seminulum
Nitzschia gracilis

Nitzschia paleaf. var.debilis
Nitzschiapalea
Nitzschiasinuatavar.delognei
Surirella cf. roba

Authority No. of
ponds
present

2

(Kiitzing) Grunow 1

(Kitzing) Czarnecki 15

Hustedt 3

Krammer 1

Ehrenberg 10

(O. Miller ex Schréter) Bachmann 1

Pantocsek 1

(Hohn & Hellerman) Theriot, 3

Stoermer & Hakansson

Krammer 9

Cleve 1

Kutzing 2

(Grunow in Van Heurck) Williams & 2

Round

8

(Ehrenberg) Hustedt 2

(Schuhmann) Williams & Round 2

Lange-Bertalot 3

(Ehrenberg) Williams & Round 10

Lange-Bertalot 1

(Kitzing) Rabenhorst 3

1
1

Agardh (Agardh) 1

Kutzing 8

Kitzing 4

Kitzing 9

Lange-Bertalot 4

Lange-Bertalot 2

(Grunow) Lange-Bertalot 11

(Grunow) D.G. Mann 6

Hantzsch 1

(Kitzing) Grunow 10

(Kitzing) W. Smith 13

(Grunow) Lange-Bertalot 10

Leclercq 3

Max. rel.
abundance
(%)

44.6
12.7
88.9
15.3
10.0
16.1
32.3
14.4
13.2

11.9
25.9
63.5
18.9

16.8
12.7
41.0

70.7
13.7
24.0
26.2
114
13.6
11.9
16.6
65.5

65.0
42.8
29.0
50.8
12.3
23.2
6.1
70.7
11.1

Table 5. Diatom species richness, diversity H' and evenoesdifferent substrates in
16 ponds and small lakes of the Kathmandu VaNepal.

Species richness Diversity H’ Evenness
Sediment 27.0% 7.0 0.95%+ 0.17 0.69t 0.11
Stones or walls 14.3% 49 0.60% 0.20 0.53f 0.12
Macrophytes 16.8* 6.3 0.60% 0.22 0.51f 0.13
ANOVA F(2,23)9.6 F(2’23) 69 F(2,23)4.6

p <0.01 p <0.01 p <0.05
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Species richness, diversity H' and evenness were nt¢dedia gradients in water
chemistry and did not reflect differences in habitatatizr such as pond size
vegetation, substrate, bank character or surroundingusendHowever, they varied
significantly on different substrate types and were érigh the sediment compared to
stones and walls or macrophytes (Table 5). With respegbetmost abundant species,
assemblages on different substrates within the sanéwere similar at five of seven
sites, where several substrates were collected4}idit two very shallow ponds,
assemblages on macrophytes and sediments were meremiffAt P15, which was
entirely covered by water hyacinth, assemblages on madespagd in the sediment
differed markedly, with twdtaurosiraspecies, and one species each belonging to
Staurosirella PseudostaurosirandAulacoseiraoccurring at 8 — 19 % relative
abundance only in the sediment, wiSlellaphora seminulurfGrunow) D.G. Mann and
Nitzschia paleaf. var.debilisdominated the epiphyton. At P5 oGgclotellaspecies,
Diadesmiscf. confervace&utzing andNavicula cryptocephal&itzing were much
more abundant on the sediment, while tHe@ephonemapecies dominated on the
macrophytes. At the six ponds, where sediment sam@es ewllected, between 28 —
73 % of the species found occurred exclusively in the sedifi@ey belonged to the
generaCyclotella,Diploneis Navicula Pinnularia andSurirella. The most species-rich
site was P9, the pond of the Royal Botanical Gardententi % of all species found in
the sediment occurred in the sediment only, including atreatifiedDiploneisspecies
at 26 % relative abundance. There were no commonespeaehich were restricted

either to macrophytes or stones / walls.

2.4.3 Relationships with habitat character and water chemistry
Canonical correspondence analysis (CCA) revealed sigmifietationships between

assemblage composition and environmental gradients of alaenistry and habitat
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Fig. 2.4 Detrended correspondence analysis (DCA) ordisti

(a) Assemblages ordination, identical symbols indieasemblages from different
substrates of the same site (sto = stone or walls; sediment, and mac =
macrophytes), (b) Species ordination, large font = comamal abundant species, small

font = abundant species with restricted distribution
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character. CCA axis 1 (18.1 % variance) was significardtyelated with chemistry
PC1, pond and bank / catchment PC3. At sites with higheo@eentrations and lower
concentrations of K, Cl, Na, As, Ni, Fe andAlminutissimunwvas the most common
and abundant species, @adnananaF. capucinavar.1l andCymbellacf. subleptoceros
Krammer were typical at some of the sites. Theselpbad also submerged and
emergent aquatic plants, filamentous algae and sand sabstthe littoral. At sites
with higher concentrations of K, Cl, Na, As, Ni, &ed AlEolimna minimaNitzschia
palea Nitzschia paleaf. var.debilisandGomphonema parvulukitzing were most
common or abundant. Bank / catchment PC3 and PC2, repngsgratidients from
banks with silt and pasture land use to banks with coausstrata, were significantly
correlated with CCA axis 1 and 2, respectiv€y.parvulumandN. paleacf. var.
debiliswere most characteristic at sites with gentle basiksand pasture. Chemistry
PC3 and pond PC2 were significantly correlated with CCA axt. minimaandN.
paleawere more typical at sites with higher concentratiohSQ, Sr and Al and in
artificial ponds with concrete substrate. There wereetationships between CCA axes
and chemistry PC2, including changes in conductivity and ndgtalgen. Assemblages
from different substrates within the same pond weratéxtclose to each other in the

ordination, reflecting a similar response to environmeaytadients
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species, small font = abundant species with restriastdhaition.

39



2.5 Discussion

Despite their great historical and cultural significarnm®ential economic value and
importance for conserving aquatic biodiversity, ponds, lakdsother freshwater
ecosystems in the Kathmandu Valley are subjected totjpolland habitat degradation
(Sharma & Moog 1996, Ha & Pokhrel 2001, Jutteeal 2003). Many of the
investigated ponds and lakes were used inappropriately suchlasgyakimping of
litter and received pollutants from drainage pipes, suriageff and air pollution.
Some will be lost soon due to the cessation of formeisush as fish farming.
Although the most common diatom taxa found are widesprealtitypes of
freshwaters, many of the taxa present in these ponasneéfound during previous
extensive surveys of streams and rivers in this area gid be restricted to standing
waters. Many could not be identified suggesting that theg harestricted geographical
distribution and might be endangered if these ponds eentondeteriorate. These
findings coupled with high species turnover between pomgdhasise the important
contribution of pond ecosystems to aquatic biodiversityugas & Smol 1993).
Preventing further degradation of the few remaining pamdssmall lakes, and
restoring or recreating new ponds would be particularpoitant in a biologically

impoverished area such as the densely populated Kathmaney.Vall

2.5.1 Relationships with habitat character and water chemistry
In contrast to a study on streams in the Kathmandu yahe the Middle Hills there
were no significant relationships between diatom divweesiid habitat character such as
land use, shading, bank character or substrate composibevever, the presence of
different microhabitats was important and contributigdiScantly to biodiversity. Like

in other studies abundant taxa often occurred on alatet substrates in most ponds
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(Gaiser & Johansen 2000), but some species were appaesttigted to a particular
microhabitat (Cox 1984, 1988a, Douglas & Smol 1995, Soininen & &@12004).
Similar to findings in other studies (Czarnecki 1979, einal 2001bMichelutti et al
2003) species restricted or more abundant in a particlgahéound in the sediment.
In this study this included a numberNdviculaspecies, and unidentified species
belonging to the gene@iploneis Cyclotellg Surirella, Pinnularia andNitzschia The
unidentified taxa occurred only in one or two ponds. Norte@tommon or abundant
taxa were restricted to macrophytes, stones or wdiks |8tter substrates also had fewer
species and since no live material was examined it ig/ltkek some of the species
found in the sediments were transported there, butdtadlly lived in other habitats
(Cox 1988b). However, some taxa found suc@Bydotellacf. bodanicavar.lemanica
(O. Muller ex Schroter) Bachmanijploneisct. boldtianaCleve,Pseudostaurosira
brevistriata(Grunow in Van Heurck) Williams & Round a&lrirella cf. roba
Leclercq occurred exclusively in the sediments, includingvimvery shallow ponds
(P5, P15). Providing a specific microhabitat for some speoiepled with the highest
species richness and probability of accumulation obdiatfrom different substrates

emphasises the particular importance of sedimemtg&iom diversity.

Similarly to a stream survey in this area (Juteteal. 2003) there were relationships
between diatom assemblage composition, water cheraisthyabitat character such as
land use, bank character and substrate compositionothearpond study in the
Nepalese lowlands, which included 64 ponds, there were gisifiGant relationships
between water chemistry, habitat character with dpdittoral vegetation, land use

and assemblage composition (Simkhada & Juttner in press).

41



Other studies dealing with the relationships between p@tdrd assemblages and
chemical character revealed significant correlatibdiaom distribution to gradients in
nutrient concentrations or salinity. In a study of sivalartificial ponds in southeast
England Bennion (1994) found that total phosphorus explainedahtist variance in
the diatom species data, but water depth, soluble regatiesphorus, pH and nitrate
nitrogen were also important. A study of saline and frestiwakes and ponds from the
Windmill Islands, East Antarctica, found that saliratyd phosphate gradients
significantly influenced diatom composition and distribnt(Robertst al 2001),

while total nitrogen best explained species distribuitigmonds on Bathurst Island in
the Canadian high arctic lakes and ponds (&iral 2001a). Other factors such as Na,
total phosphorus, pH, Fe and temperature were also impdsteariheir contribution
varied depending on the type of microhabitat (letval 2001b). In contrast diatom
assemblage composition in this study was unrelateceteetond chemical gradient,
which was related to concentrations of total nitrogdms might be explained by the
relatively small range in nitrogen concentrations fountivelve Kathmandu Valley
ponds. Phosphate concentrations were below the detdiotib of 50 pg/L at all but
two of the twelve sites, hence it was unlikely thaglationship with diatoms could
have been detected. Green algal blooms in some of tius aod rapid uptake of
available nutrients might explain the relatively loutntent concentrations in these
ponds despite their location in urban and agriculturasavath potentially high nutrient
inputs from surrounding areas. There was, however, dis@ttirelationship between
diatom assemblage composition and other chemical gtadghich most likely
reflected increased pollution probably from several saureguding agriculture,
surface runoff, dust and air pollution from industrial segrand traffic (Carricet al

2003, Juttneet al 2003, Shrestha 2003). At sites with higher concentratbhs, Cl,
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K, Al, Ni and As taxa which are well known as pollutioidicators such as. minima

N. paleaandG. parvulumwere common, while species suchAagninutissimunwere
most abundant at cleaner sites (Kelly & Whitton 1995ndiet al. 2003). As for
streams in the Kathmandu Valley and the Nepalese Midile Na was strongly
correlated with the major gradient in water chemisingl reflects impacts from
agriculture in the catchments (Jenk&tsal 1995). Also strongly correlated with the
same water chemistry gradient were metals and arSdmeclatter is a major problem
for groundwater contamination in parts of South Asiduting Nepal, where areas in
the lowlands are particularly affected (Shresthal 2003). However, only a few wells
in the Kathmandu Valley exceeded the World Health Organrsdtinking water
guideline value of 10 pug/L (Khatiwadad al. 2002), and in this study arsenic
concentrations were below this limit ranging from 0.26-29/L (median 0.6). Some
studies suggested positive correlations between the estbivndance of certain diatom
taxa includingNitzschia paledo As and other metals (Rushfoghal 1981). Other
studies showed effects of As on species compositionlambances (Riedek al

2003, Howarcet al 1995). Whether diatoms respond to arsenic pollution in epa
freshwater ecosystem independent of other factorsaud therefore be used for
monitoring in this area would require further studies invoharigrger number of ponds
or lakes including highly contaminated ones. Investigatidmsetal contamination in
streams and effects on periphytic communities showeledarhanges in species
composition (Hillet al. 2000, Goldet al 2002). Some studies suggested that
minutissimunwas patrticularly tolerant to higher metal concemdrest (Medley&
Clements 1998, Nakaniséi al 2004), which cannot be confirmed by our study where

relative abundances &f minutissimumvere not related to metal concentrations.
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2.5.2 Implications for biodiversity assessments and monitoring of pollution
For a comprehensive assessment of diatom diversggnablages from all available
substrates must be investigated to include species redttict particular habitat type
such as many motile taxa, which occur in sediments &algples from hard substrates
such as stones and walls as well as sediment sastygakl be taken from different
areas of the pond to maximize the investigated area lanwdfal a possible patchy
distribution within the pond. For epiphytic assemblagaspsas from all macrophytic
plant species should be collected to account for possagleies or host morphology-
type specific diatom distribution. The significant nienbf unidentified taxa in this
study demands further taxonomic investigations to providergpiEhensive species
inventory and meaningful assessment of the significantgesé ecosystems for the
conservation of diatom biodiversity in this area. Altgh most common and abundant
species belonged tachnanthesensu latofragilaria sensu latoGomphonema
NaviculaandNitzschia which are also the most species rich genera in Nepateeams
(Juttneret al 2003, Jittneet al unpublished data), a considerable number of
unidentified and possibly unknown taxa belonged to 11 gemgoaps. These included
Achnanthesensu lato, ThalassiosiraceBgploneis Eunotig Fragilaria sensu lato,
GomphonemaNaviculg Nitzschia Pinnularia, Surirella and a genus, which has not
been described yet. Many of the unidentified taxa havarswt been found in streams
and springs of this area. Most of the common and abusgantes such as
Achnanthidium minutissimyr&olimna minimaandNitzschia paleare also common
and abundant species in Nepalese streams. Howevenétadl species composition in
the ponds and the presence of many taxa, which were afipaparcific to standing
waters, clearly distinguished the ponds from stream pndgsassemblages in the

Nepalese Middle Hills (Juttnet al 1996, 2003, Dahal & Jittner 2004).
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Assemblages from different substrates such as staves/ macrophytes and
sediments responded similarly to environmental conditibhs suggests that the use
of different substrates is possible for monitoring purpaoseases where the more
favourable approach of restricting sampling to one particulbastrate cannot be
followed due to the absence of that substrate at soage sithough epilithic diatom
samples are most commonly used for monitoring stredmms)se of macrophytes as an
alternative substrate has been suggested (O’'Catrall| 1997, Kellyet al. 1998, Passy
et al 1999) and was found most appropriate to indicate trophigsséhatsome lakes
(Poulitkovaet al 2004). Other pond surveys have revealed that many ponds do n
have a consistent set of microhabitats (Juttner unputial) dad using a combination of
several substrates would allow the inclusion of d&ife pond types for water quality

monitoring.

To develop diatoms as indicators for monitoring of stameliaters in this area of Nepal
a much larger survey of ponds and lakes in the Middle Wdisld be required. This
could include ponds and lakes in neighbouring valleys to thenkatdu Valley and in
the Pokhara Valley of western Nepal, which has a marget number of standing
waters (Rai 2000). Here water quality has decreased suabyattie to pollution from
settlements and land use change in the catchments (&hajgdoer 1995). Regular
biological monitoring of these ecosystems would helptople data describing the
current situation and aid environmental management includendevelopment and

implementation of monitoring tools and an action p@prevent further deterioration.
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3. Diatoms in lowland ponds of Koshi Tappu, Eastern Nepal —

relationships with chemical and habitat characteristics

3.1 Abstract

Epiphytic and epipelic diatom assemblages were studieglation to water chemistry and
habitat character in lowland ponds of Koshi Tappu, NepgapHytic assemblages from
different microhabitats, such as morphologically défa plants, roots, stems, filamentous
algae and decomposing leaves within the same ponds wela . sikesemblage
composition of epiphytic diatoms reflected gradients @ew chemistry and habitat
character of the pond with respect to pond vegetatidrsabstratum type, bank profile
and land use in the catchment. Epiphytic and epipelicrddages responded to chemical
gradients in the surface water particularly conceiotnatof Ca, Mg and Na, but epipelic
diatoms also indicated differences in Sfncentration. Epipelic diatoms were also
sensitive to interstitial water chemistry variation$?Q,, Si, Ca and Mg. There were no
relationships between species richness, diversityemress and gradients in water

chemistry and habitat character.

3.2 Introduction

Epiphytic and epipelic diatoms are important and diversepcments of aquatic
biodiversity in shallow freshwater ecosystems such adgand small lakes (Douglas &
Smol 1993, Jones 1996, Gaiser & Johansen 2000, Flower 2005). €rgyoal indicators
of chemical and physical conditions and respond to atyasfdactors such as nutrient
enrichment (Kaweckat al 1998, Limet al 2001a, b), salinity (Rober&t al 2001), acid-
base status and alkalinity (Haworth & Atkinson 1988, Dasi@¢ Smol 1993, Douglas &

Smol 1995), hydrological conditions such as water levetdiations, hydroperiod and
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drought (Gaiseet al 1998) and habitat character (Douglas & Smol 1993, Micheiu#i
2003). Although diatoms have been widely used to monitormwataity in running water
and lakes (Stevenson & Pan 1999, Hall & Smol 1999), fewerestindive investigated
their application to indicate environmental change ialsmater bodies such as ponds. In
Europe pond diatoms were used to assess recent changesanmewvital conditions. In
coastal dune pools in Belgium, eutrophication led to chaimgg@ssemblages consisting of
species tolerant of high nutrient concentrations, amtifi@ation of isolated moorland
pools in Belgium and The Netherlands resulted in vemyd@logical diversity and the
dominance of one acid-tolerant diatom species (Denysn&stimaten 1992, van Dam &
Buskens 1993, Denys 2003). For English lowland ponds a transfetidn was
established to infer past changes in phosphorus concergratom sediment records and
the problems which arise from using diatoms from shall@ier bodies to develop
diatom-nutrient training sets (Bennion 1994, 1995) are discuss@didrthere have been
studies of the diatom flora in ponds from Japan (Koha&yasdo 1975, 1977), India
(Ghandi 1960, 1962, Rao 1977), Malaysia (Dougtaal. 1998), Indonesia and the

Philippines (Hustedt 1937-39, 1942).

In Nepal diatoms have been used in streams to stilatioreships between environmental
conditions and biodiversity (Ormerad al 1994, Rothfritzt al 1997) and to monitor
pollution (Juttneret al 1996, 2003). However, there have been few investigatiolaged
and ponds in this region. These latter include studiesatdrnvehemistry in the Middle Hills
and lowlands (Jonest al 1989; Sah 1997), phytoplankton of ponds in the Pokhara and
Kathmandu Valleys (Hickel973, Lohmaret al 1988), the limnology of high altitude
lakes in the Himalaya (Aizalat al. 1987, Lami & Giussani 1998) and one study on
periphytic diatoms in ponds of the Kathmandu Valley (Siada & Jittner 2006). Other

studies on the Indian subcontinent have often focasegtonomically important algae
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groups such as cyanobacteria from rice fields (Anand gdd01987, Sahet al. 1992).
Developing biological indicators to monitor environmentemge in standing waters of
Nepal would be timely, since these ecosystems argémezhby pollution and many have
been degraded as a result of expanding settlements ansifiotgion of agriculture (Jha

1992, Thapa & Weber 1995).

The Koshi Tappu Wildlife Reserve is one of five prote@szhs in the lowlands of Nepal
and has a range of freshwater ecosystems includingaireKosi river with numerous
side channels, streams, ditches, oxbow lakes, maaskigsonds. While natural ponds are
mainly located within the reserve, there are manyi@difponds in adjacent agricultural
areas. Some of the latter have economic value &l [ieople and are used as fish ponds,
while others are unused and provide valuable habitat for adleatiand fauna.
Unauthorised practice of expansion of agricultural langlréav crops and extension of
cattle grazing into the reserve area has increasing impaeiidiife and its habitats.
Therefore effective measures are needed to manage lantbuseffectively and prevent
further deterioration. Diatoms have been used succBsgiuhonitor impacts from
agriculture, including changes in chemistry and habitatachar (Leland 1995, Carpenter
& Waite 2000), and might also provide powerful indicatorsmt@stigate environmental

changes affecting freshwater ecosystems in this area.

To evaluate whether diatom-based methods could be usefubhd monitoring to assess
anthropogenic impacts, diatoms were studied from 64 ponde ititee Koshi Tappu
Wildlife Reserve and in adjacent agricultural areaseoog a wide range of environmental
conditions. This is the first study on diatoms in Kepalese lowlands. The main aims of
the study were to investigate (i) diatom diversity opéptic and epipelic diatoms, (ii) the

relationships between epiphytic diatoms to water cheynand habitat character of the
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ponds, bank type and land use, (iii) relationships betwephwic and epipelic diatoms,
and chemical gradients in surface and interstitial meatd (iv) diatom assemblage

composition in different epiphytic microhabitats.

3.3 Materials and methods

3.3.1 Study site
Koshi Tappu is located in the Saptari and Sunsari distfaastern Nepal extending
northwards from the Indian/Nepalese border between 26°38 3339.742 N and
87°03.203 - 87°03.983 E and lies at an elevation of 70 — 120 n{fics1). The climate is
subtropical with the highest temperatures occurring duringrypeeason between March
and May. The monsoon starts in late May to early Janddlg highest rainfall normally
occurs during July. The natural vegetation consists mainlierine deciduous forests
with Acaciacatechuwight & Arn, DalbergiasissooRoxb.,BombaxceibalL., andTrewia
nudifloralL., and of grassland witBaccharunspontaneunt.., S arundinaceunRetz.,
Phragmiteskarka (Retz.) Trin. ex SteudTyphaelephantinelhwaites andmperata

cylindricaP. Beauv.

The Koshi Tappu Wildlife Reserve was established as agbectarea in 1976 and
declared a Ramsar site in 1987 to conserve habitat fambernof endangered species
including the water buffaloBubalusarneg, the Gharial Gavialis gangeticu§smelin) and
the Gangetic dolphinRlatanista gangetic&®oxburgh, Sah 1997). Koshi Tappu is also
designated as an Important Bird Area with 486 out of 862 prdies of Nepal recorded in
the area (Baral pers. communication). The resenendstover 175 kfrin the flood plain
of the Sapta Kosi River, one of the main tributariethe Ganges, including a 24 km long
section of the river. The study area included parts ofdberve and adjacent agricultural
areas on the eastern side of the Kosi River.
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Fig. 3.1 Location of the sixty four study sites in thesKioTappu area, lowland of eastern Nepal.
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3.3.2 Field investigations and laboratory procedures
During the dry postmonsoon season of November 2002, sixtyéngs of the Koshi
Tappu area were surveyed to investigate epiphytic and epgialom assemblages,

habitat character and water chemistry.

Precipitation during the postmonsoon season is < 50mmin{®onner 1994) and water
levels are low. Longitude, latitude and altitude were mnemkusing a GPS meter (Garmin
GPS 12 XL). A habitat survey recording 46 variables was coaduotdescribe pond
character, the bank and surrounding land use. Measuretlgariacluded pond size,
width of the riparian zone (highest to the lowest wheeel based on the presence/absence
of certain types of vegetation), bank height, substrateposition of the pond littoral (1-5
m from the lowest water level towards the centrénefgond), riparian zone and bank,
pond vegetation types (emergent herbs, reeds, sedges, roated)fleaves, free floating
plants, submerged plants, filamentous algae), bank vege(gtass, herbs, scrub, trees),
tree cover of the banks and shade, tree associatedefeé&bverhanging boughs, woody
debris), shade, bank character including natural (verstegp, composite, gentle) and
artificial (embanked) profile, artificial features orthank (path, weir, dam), land use
within 100 m of the sampling site and land use in the widigahenent. Substrate
composition and bank vegetation were recorded as percexttegie Pond vegetation
types, tree-associated features, shade, bank profifeiarteatures on the bank and land
use were recorded in three categories 0 = absent,30%<present, 2 > 30% present. The
presence of trees was recorded on a scale from 0 - @iwitlategories (non@],
isolated/scatterefd,?], regularly spaced/sing[8,4], occasional clumpib,q], semi-
continuoug 7,8, continuoug9,1qd) with each category either present (< 30% along the

bank) or extensive (> 30% along the bank).
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Temperature, conductivity and pH were measured on site uplogable meter (WTW
pH/ Cond 340i, Weilheim, Germany). Surface water samplas3@ml) were filtered on
site (0.45um, cellulose-nitrate filters, Millipore, Watford, Eagid). Interstitial water (2 x
30 ml) was extracted from wet sediment. The sedimastplaced in a Buchner funnel
containing a filter (Whatman filters No. 1, MaidstoBsgland), positioned on a conical
flask which was connected to a hand pump. Water was eadrroim the sediment by
operating the hand pump to generate low pressure in tle Vliéeger samples were stored
at c. 20 °C and samples for cation analysis werdficidvith 1 ml nitric acid on site. Fe,
Mn, Al were analysed by inductively-coupled plasma opgcaission spectrometry (ICP-
OES), and Sr, Ba, Ni, Cu, Zn, Si, Pb, and As wereyardlby inductively-coupled plasma
mass spectrometry (ICP-MS), while Na, K, Mg, Ca, N, PQ,, and SQwere
analysed by ion chromatography (Department of MineralNgyiral History Museum,

London).

Epiphytic diatoms were collected from macrophytes in 64lpoheaves, stems and roots
of free floating plants were taken from a varietyiferent species along the pond
margins (c. 0.5 - 1.5 m from the water line) using a ptatter and combined in one
sample per pond. In eight ponds, separate samplediftament microhabitats and
morphologically different plant species were collectEhey includedlodeasp. and other
plants with a similar growth form, broad leaved subméqgants, fine leaved submerged
plants,Lemna roots of free-floating plants, stems, filamentousealgad decomposing
floating leaves. In 41 of the 64 ponds sediment was sitdéesrom the pond margin and
epipelic diatoms were also collected. Sediment waairmdad by sliding a cylindrical
polyethylene tube across the surface to remove the toinegre. Part of the sediment
sample was used to extract live diatoms using lens tigse&posing the sample to

indirect sunlight for four hours (Eaton & Moss 1966). Howelens tissue samples
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contained very few diatoms and were therefore notyaedlfurther. Collected diatom

samples were preserved in c. 4 % formalin.

Diatom samples were processed following standard procethaielsbO, oxidation,
Naphrax as mountant). Macrophyte and sediment sampglesdigested whole. A
minimum of 500 diatom valves per sample were counted (100@x, Nhkon E600).
Where possible, taxa were identified to species or subsplegiel using Krammer &
Lange-Bertalot (1986 - 1991), Lange-Bertalot & Krammer (1988gnfner (1997) and
Reichardt (1999). For some nomenclature revisions we fetlowilliams & Round (1987)
and Round & Bukhtiyarova (1996). Slides have been depositbd Blational Museum

Wales, Cardiff.

3.3.3 Data analysis
Diatom diversity H’ (Shannon diversity index) and evessnE were calculated (Shannon
and Weaver 1949). Species richness S was calculated baetllowest number of
valves counted in any one sample using rarefaction (PRIB)ERelationships between S,
H’, E, water chemistry and habitat character werestigated by regression analysis. To
investigate variations in assemblage composition betddenent microhabitats within
the same pond, a detrended correspondence analysis (DQ¥QQCA 4.5) and a cluster
analysis (group mean agglomerative method, Bray-Cuntdasity coefficient) were
performed. Species data were square-root transformed pooditation and

classification.

To relate diatom assemblage composition to environmgrddients of chemical and
habitat character in 64 ponds a canonical correspondeniysianath forward selection
of environmental variables (CCA, CANOCO 4.5) was perforrRear to CCA the

dimensionality of the original data matrix of watéemistry and habitat character
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variables were reduced by principal component analysis (BAANOCO 4.5) to derive
major chemical and habitat gradients. Chemical variadgest from pH were log
transformed prior to PCA ordination. For habitat variald@sensions (e.g. bank height)
were log transformed, proportions (e.g. % substrate typed arcsine transformed and
categorical values were not transformed prior to orainafor habitat character, three
different PCAs were performed to describe habitat chantjee pond (Pond PCA), of the
banks (Bank PCA) and of the surrounding land use (Land ©@8¢. FFor the Pond PCA,
variables used included width of the riparian zone, substrabmposition of the pond
littoral and riparian zone, and pond vegetation. For t#ekB>CA, bank height, substratum
composition of the bank, bank profile, bank vegetati@edrand associated features along
the bank were used. Variables for the Land use PCA inclaaheduise within 100 m of the
pond, in the wider catchment and artificial featureshenbdank. Water chemistry and
habitat principal component axis 1 and 2 scores were subgqueed as environmental

variables in the CCA.

To relate changes in assemblage composition to chemich¢grsin the surface and
interstitial water of 41 ponds, three CCAs with ford/gelection of environmental
variables were performed which were CCA between (i) betwepiphytic diatoms and
surface water chemistry, (ii) epipelic diatoms andagfwater chemistry, and (iii)
epipelic diatoms and interstitial water chemistrynGentrations of cations and anions
were used as environmental variables. Conductivity and pHmeg¢riecluded in the CCA,

because they were only measured in the surface water.
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3.4 Results

3.4.1 Epiphytic diatom assemblages in 64 ponds

3.4.1.1Habitat character and water chemistry
Habitat character between ponds varied. Ponds withiretdeve had extensive growth of
emergent herbs with tall grass, scrub or broad leaved rfoxest on the banks and in the
catchments. Former fish ponds in the vicinity of thecadgral areas often had managed
banks with cleared tall grass and shrubs, but had abuadaatic macrophytes. In
contrast, currently used fish ponds were managed by theva¢ ofovegetation from the
banks and the pond. Leaves and other plant remains leed®minant substrates in
reserve and former fish ponds while silt was most commdish ponds. The most
abundant pond vegetation were emergent herbs, but reetks)] and free floating leaves,
and submerged plants were also abundant and filamentoesisdga present in most
ponds. Bank vegetation was dominated by grass. Though shidibgas were regularly
present they often covered less than 30% of the banigtRgrassland, scrub and forest
was the most common in the catchments of reservéspaovhereas agricultural fields and

pasture were widespread surrounding the former and curresed)/fish ponds.

Ordination of variables describing pond habitat charactendPCA) explained 51.3 % of
the total variance along axis 1 and 2 (Table 1). Axis 1 repted a change in substrate
composition with a decrease of silt in the littoradl aiparian zone, and an increase in
leaves and plant remains as well as submerged platfis ittoral, while axis 2
represented a gradient of decreasing sand in the littadlai@arian zone. Bank PCA axes
1 and 2 represented 38.0 % of the variance and gradienteimbankments to gentle

banks (axis 1), and shaded banks with trees to unshaded haiskd)( Land use PCA
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Table 1. Pond water chemistry and habitat principal components reflecting major environmental gradients in 64 ponds of Koshi Tappu.

Chemistry PCA Pond PCA Bank PCA Land use PCA
Principal PC1 PC2 PC1 PC2 PC1 PC2 PC1 PC2
components
% Variance 40.3 9.9 34.8 16.5 20.8 17.2 28.2 20.3
Significant Conductivity PO, (0.558) Substrate Gentle bank Agriculture Agriculture
positive (0.356) Mn (0.535) littoral and (0.364) (0.413) (0.352)
correlation Ca (0.343) riparian zone: Weir, dam
Sr (0.330) leaves, plant (0.397)
Mg (0.313) remains Village
(0.419, 0.401) (0.380)
Littoral
submerged
plants (0.385)
Significant pH (-0.432)  Substrate Substrate Embankment Trees (-0.420) Rough Broad leaved
negative littoral and littoral and (-0.346) Shade (-0.390) grassland forest
correlation riparian zone:  riparian zone: (-0.338) (-0.470)
silt sand Scrub
(-0.411, -0.400) (-0.615, -0.601) (-0.448)
Pasture
(-0.333)
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axis 1 and 2 explained 48.5% of the variance and representbeingsafrom rough
grassland to agricultural fields and villages (axis 1), amachfbroad leaved forest, scrub

and pasture to agriculture (axis 2).

Daytime water temperatures in November ranged from 20. €7 median 24.9).
Water chemistry differed substantially between thedsaTable 2). Ordination revealed
major trends in chemical character with axis 1 and 2a@xiply 50.2% of the total
variance. Axis 1 represented an increase in conductdycancentrations of Ca, Sr and
Mg, while axis 2 reflected an increase inJ&@d Mn, and a decrease in pH (Table 1).
There were significant relationships between CheyniB€1 and Pond PC1 (k3 15.2, p
< 0.001, ¥ 0.20), with higher conductivity, Ca, Sr and Mg in ponds atigniith a high
percentage of silt in the riparian zone and the litt@hemistry PC1 was also significantly
related to Bank PC1 (fs3)24.1, p < 0.001710.28) and Land use PC1{F377.3, p <
0.001, f 0.55). Conductivity, Ca, Sr and Mg were higher in embankedgolose to
agricultural fields and villages. There were no relatips between Chemistry PC2 and

any gradients in habitat character.

3.4.1.2Diversity of epiphytic diatom assemblages
Twenty-two diatom genera comprising 87 species were found eépiphytic assemblages,
with 72 species occurring & 1 % relative abundances in at least one sample. Specie
richness varied between 3 and 27 (median 15). Diversity tHeaanness were low and
varied between 0.17 — 1.27 (median 0.94) and 0.17 — 0.91 (medianThé8host
species-rich genera weGomphonem#15), Navicula(15) andNitzschia(14). Fewer
species belonged to the achnanthoid diatomE(if)otia(6), Qraticula (4), Epithemia(3)

andPinnularia (3). The most common and abundant species (often > R@¥iled
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Table 2. Surface and interstitial water chemistry lzetoitat character of ponds of the Koshi Tappu area, Badstwal, November, 2002.

Surface water

Interstitial water

Habitat characte

Median Mean Range Median Mean Range Median Mean ang®
Temperature 24.7 24.8 20.6-27.7 Altitude (m..s. 90 88 73-102
pH 7.9 8.1 7.0-10.1 Pond area’(m 1500 6537 136-200000
Conductivity 259 249 74-382 Bank height (m) 1 51. 0.5-7
Na 3.6 35 1.5-6.1 5.1 5.2 3.2-7.6  Width ripariane (m) 15 1.9 0.5-5
K 5.9 6.0 0.8-12.7 7.7 7.9 1.4-12.7 Substrate citipo %
Mg 7.1 7.6 2.5-17.1 7.9 8.6 3.8-15.2 Littoral
Ca 35.8 34.6 8.6-57.1 43.9 43.7 17.3-70.3 Sand 07 0-80
Sr 0.07 0.07 0.02-0.15 0.08 0.08 0.05-0.17 Silt 50 51 0-100
Ba 0.03 0.03 0.00-0.05 0.13 0.15 0.03-0.81 Leapi@ant remains 40 42 0-100
Si 2.0 2.3 0.1-6.5 4.9 5.2 2.0-11.0 Riparian zone
F 0.11 0.11 0.05-0.22 0.11 0.11 0.05-0.21 Sand 05 0-60
Cl 0.5 0.6 0.0-1.9 1.3 14 0.4-3.1 Silt 30 39 98-
NO; 0.12 0.29 <0.01-0.85 0.03 0.23 <0.05-3.00 Leapkant remains 60 56 0-100
PO, 0.01 0.02 <0.01-0.10 0.22 0.30 0.04-0.85 Bank
SO, 10.2 12.9 1.7-40.0 7.2 8.5 2.6-23.4 Silt 20 20 0-50
Al 0.02 0.02 <0.01-0.05 0.18 0.27 0.03-1.43 le=saplants 80 77 10-100
Mn 0.03 0.07 <0.01-0.54 1.67 2.11 0.04-7.93 Bardgetation %
Fe 0.05 0.06 <0.01-0.14 1.51 1.55 0.09-5.52  Bare 0 8 0-70
Zn 0.01 0.01 <0.01-0.01 0.02 0.04 <0.01-0.43 Gh@Erss 20 28 0-80

Tall grass, herbs 30 36 0-100
Concentrations in mg'l Scrub 10 12 0-90
Trees 10 15 0-45
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Achnanthidiunminutissimun(Kutzing) CzarneckiGomphonematf. affine Kitzing,
GomphonemaarvulumKiitzing, Naviculacf. minimaGrunow,Nitzschiaamphibia

Grunow,Nitzschiacf. incognitaKrasske ané®ynedraulna var.acusEhrenberg.

Assemblages from epiphytic microhabitats such as moogleallly different macrophyte,
particular vegetative parts of the submerged or freefigatiants or from other
microhabitats such as filamentous algae or decompasawg$ within the same ponds
were similar. DCA ordination and cluster analysis graugpgsemblages from the same
ponds but not from the same microhabitat (Fig. 2). Speiciesess S, diversity H' and
evenness E varied from 19 — 25, 0.53 - 1.02 and 0.41 — 0.75, redpeutitle lowest

values for assemblages on filamentous algae, but diffesewere not significant.

3.4.1.3Relationships with habitat and chemistry characteristics
There were no relationships between species richnebge$sity H’, evenness E and
environmental gradients. However, canonical correspondaralgsis revealed significant
relationships between diatom assemblage compositionremdjes in water chemistry and
habitat character (Table 3, Fig. 3) with the first twesa&xplaining 37.0 % and 19.0 % of
the variance. Significant environmental gradients includagtmchemistry PC 1 and PC 2,
Land use PC1, pond size, Pond PC1 and Land use PC2 (Figh&ahobt abundant
diatom species at sites with high conductivity, Ca,rsr Mg, and in ponds surrounded by
agricultural land and close to villages includditzschiaamphibig S ulnav. acus G. cf.
affineandNaviculacf. minima(Fig. 3b). Species, which were common but less abundant
to these sites includé8omphonema angustatuiitzing) Rabenhorsfichnanthes
hungarica(Grunow) Grunow and Gomphonema augur Ehrenberg. At thestend of

these gradienta. minutissimunmvas the most abundant species Badgicula
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Fig. 3.3 Canonical correspondence analysis (CCA) phetic diatom assemblages

from 64 ponds in the Koshi Tappu area, eastern Nepalnyapemental gradients significantly

correlated with assemblage change, (b) species ordiné&tjoessemblages ordination.
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cryptocephala&itzing was also common. Characteristic specieggetgponds with
abundant submerged macrophytes and substrate consistingesf éal plant remains
wereGomphonemaarvulum Nitzschia cf. incognitaandEncyonemailesiacum(Bleisch
in Rabenhorst) D.G. Mann. Similarlpjadesmisconfervace&utzing, Achnanthes
hungaricg Nitzschiacf. incognitaandGomphonemaarvulumwere characteristic in

ponds with higher PO4 and Mn concentrations.

Table 3. Summary of canonical correspondence analysis (G&)phytic diatom assemblages

from 64 ponds in the Koshi Tappu area.

AXxes 1 2 3 4

Eigenvalues 0.143 0.073 0.051 0.032
Species-environment 0.748 0.828 0.794 0.761
correlations
Cumulative percentage
variance
Of species data 8.9 134 16.5 18.5
Of species- 37.0 56.0 69.2 77.5
environment relation
Sum of all eigenvalues 1.616
Sum of all canonical 0.386
eigenvalues

Forward selection of Lambda p F
environmental variables A
Significant variables

Water chemistry PC1 0.10 0.002 4.21
Water chemistry PC2 0.07 0.002 2.65
Land use PC1 0.04 0.010 1.86
Pond size 0.04 0.004 1.91
Pond PC1 0.04 0.018 1.58
Land use PC2 0.03 0.048 1.47

3.4.2 Epiphytic and epipelic diatom assemblages in 41 ponds

3.4.2.1Diversity of epiphytic and epipelic diatom assemblages
Species richness S and diversity H’ were significangyér in epipelic than in epiphytic

diatom assemblages, but there was no significant elifter between evenness E (Table 4).
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In the epipelic assemblages 29 genera and 94 species obsatlveshewies richness
varying between 7 - 32 (median = 19), and diversity and egsrth84 — 1.25, and 0.30 —
0.91 respectively. In epiphytic assemblages, 22 genera amdigswere observed.
Species richness varied between 3 - 27 (median = 16), itivensl evenness between 0.17
—1.25and 0.17 — 0.91 respectively. The most speciesrich geaesblaviculg
GomphonemandNitzschia More Naviculaspecies were epipelic (20) than epiphytic (12),
while fewerGomphonem#10, 13) andNitzschia(9, 11) species occurred in the sediment
than on macrophytes. Fewer epipelic and epiphytic spbeleaged to the achnanthoid
diatoms (6, 7)Eunotia(6, 5),Pinnularia (5, 3),Craticula (4, 4) andSellaphora(4, 2).

Table 4. Species richness (S), diversity (H’), and ever(igss epiphytic and epipelic diatom
assemblages in 41 ponds of the Koshi Tappu area, Easterlp Nepamber 2002.

Epiphytic diatoms Epipelic diatoms ANOVA
(mean = SD) (mean = SD)
Species richness S 154+54 19.5+4.38 ,80r13.3
p <0.001
Diversity H’ 0.87 £ 0.30 0.99 +0.18 F80)4.6
p <0.05
Evenness E 0.65 +0.20 0.71+0.11 n.s.

Though many species occurred frequently in both substra@&s,obdination revealed that
assemblages on macrophytes and on the sediment wemedddtinct (Fig. 4a). Species
which were equally common and occurred at similar rdaabundances in both habitats
includedNitzschia amphibigNitzschia palegKutzing) W. SmithEncyonema silesiacum
andCaloneis bacillum{(Grunow) Cleve (Fig. 4b). However, a number of othecigse
including Achnanthidium minutissimyr@omphonemarf. affing, Nitzschiacf. incognitg
Synedra ulnavar.acus Gomphonema auguGomphonema lagenul&omphonema

parvulumandGomphonema angustatunere abundant in epiphytic assemblages and
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speciesSellaphora pupulgAchnanthes exiguandDiadesmis confervaceaere common

and more abundant in epipelic assemblages.
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Fig. 3.4 DCA of epiphytic and epipelic diatoms from 41 pandbe Koshi Tappu area
- (a) species ordination, (b) assemblages ordination.

3.4.2.2Relationships between epiphytic, epipelic diatom assemblages, sudi@ceand

interstitial water chemistry

Chemistry differed between the surface and the intietstiaiter. In most of the ponds

concentrations of Na, K, Ca, Ba, Si, Cl, @I, Mn, Fe and Zn were higher in the

interstitial water than in the surface water, whi{@, 8vas higher in the surface water

(Table 2). Concentrations of Na, K, Ca, Mg, Sr and Boith water samples were
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correlated, while concentrations of RQIOs, SQ,, Si, Ba, Al, Mn, Fe and Zn were
unrelated. CCA ordination revealed that chemical graslierthe surface and interstitial
water were significantly correlated with distributiohepiphytic and epipelic diatoms.
However, some factors influencing both assemblages eliffeetween the surface and the
interstitial water (Table 5, Fig. 5). For epiphytic diatothe first two axes explained
33.5% and 12.1% of the variance and significant variables eamcentrations of Ca, Mg,
Na and Sr. At higher concentrations of 8amphonema lagenulalitzschiacf. incognita
Gomphonema augwandNaviculacf. minimawere the most abundant species, while
Achnanthidium minutissimumas the most abundant at lower concentrations faig.At
higher concentrations @a, Mg and Sr(5. angustatumG. cf. affing N. amphibiaandS.
ulnav. acuswere most typical. Epipelic diatom distribution veaglained by gradients in
both interstitial and surface water chemistry. Theavee explained by the CCA axes for
the surface and interstitial water were similar wité first axes explaining 22.5% and
23.3%, and the second axes 13.8% and 13.1%, respectivelythAspighytic
assemblages, significant variables for surface waemistry explaining epipelic diatom
distribution were Ca, Mg, Na, and Sr (Fig. 5b). In additiSQ was positively correlated
with diatom distribution along axis 2. Of the epipeliatdms,D. confervaceandsS.
pupulaseemed to be good indicators of high Ananinutissimunof low Na
concentrations in the surface wat&r.exiguawas most abundant aht cf. minima C.
bacillumandG. cf. affinewere common at higher Ca, Mg and Sr concentrationge Whi
paleaandN. amphibiaindicated higher SOconcentrations in the surface water. For
interstitial water in addition to Mg, Ca and Sr; camtcation of PQand Si were alos

significantly correlated with diatom distribution howvee, in contrast to surface water,
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Table 5. Summary of canonical correspondence analysis (G&hjphytic and epipelic diatom

assemblages from 41 ponds in the Koshi Tappu area, Easfgih Ne

CCA epiphytic diatoms /
surface water
Axes 1

0.204
0.860

Eigenvalues
Species-environment correlations
Cumulative percentage variance
Of species data
Of species- environment
relation
Sum of all eigenvalues
Sum of all canonical eigenvalues

13.9
335

Forward selection of Lambda A
environmental variables

Significant variables

Ca 0.07

Mg 0.09

Na 0.07

Sr 0.07

CCA epipelic diatoms / surface
water
Axes 1

0.148
0.880

Eigenvalues

Species-environment correlations

Cumulative percentage variance
Of species data 9.5
Of species- environment 22.5

relation
Sum of all eigenvalues
Sum of all canonical eigenvalues

Forward selection of Lambda A
environmental variables

Significant variables

Ca 0.07

Mg 0.07

Na 0.07

Sr 0.07

SO, 0.05

CCA epipelic diatoms /
interstitial water
Axes 1

0.169
0.908

Eigenvalues
Species-environment correlations
Cumulative percentage variance
Of species data
Of species- environment
relation
Sum of all eigenvalues
Sum of all canonical eigenvalues

10.9
23.3

Forward selection of Lambda A
environmental variables

Significant variables

PO, 0.08
Mg 0.09
Si 0.06
Ca 0.06
Sr 0.06

0.074
0.913

18.9
45.6

0.012
0.002
0.006
0.004

0.091
0.893

153
36.3

0.010
0.004
0.012
0.006
0.024

0.095
0.889

17.0
36.4

0.002
0.002
0.008
0.010
0.010

0.060
0.905

229
55.3

2.08
2.49
2.13
1.96

0.078
0.862

20.3
48.2

1.84
1.94
1.79
1.92
1.48

0.074
0.862

217
46.6

2.25
2.20
1.66
1.73
1.72

4
0.053
0.827
26.5
64.0
1.476
0.611
4
0.055
0.904
23.9
56.7
1.558
0.658
4
0.064
0.836
25.8
55.5
1.558
0.726
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Fig. 3.5 Canonical correspondence analysis (CCA) phegtic diatom assemblages from 41

ponds in the Koshi Tappu area

_ (a) epiphytic diatoms and surface water, (b) epipeliodiatand surface water, (c) epipelic
diatoms and interstitial water.

Na had no influence (Fig. 5dpiadesmis confervace&ncyonema ssilesiacyfNavicula

cf. minimaandGomphonemact. affinewere most abundant at higher Pand Si
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concentrations and. minutissimunat lower concentrationé\chnanthegxiguawas most
abundant at higher ca and Mg concentrations, Wiitieschia paleaandSellaphora pupula
were abundant towards sites with lower Ca and Mg buehii®; and SQ
concentrations; however, the latter were not sigmtigaelated to overall diatom

distribution.

3.5 Discussion

Ponds in the Koshi Tappu Wildlife Reserve and adjacentwdgyrial areas are increasingly
threatened by pollution from agriculture and habitat degi@datiie to the intensification
of crop growing, fish farming and expansion of grazing thoreserve. There is a need to
develop biological monitoring tools using organisms sensitithdgrevailing
environmental problems of freshwater ecosystems in te& @ particular change of
chemical character and habitat loss. This would aidieffi environmental management
through the assessment of ecological status and tangetrwation actions through the
identification of remaining seminatural habitats. This gtindestigated the response of
diatoms to water chemistry and habitat character, &ltthed through agricultural
practises, and their potential application for monitgenvironmental change in pond

ecosystems in the lowlands of Nepal.

Environmental conditions varied widely with respect to serfaater and interstitial water
chemistry as well as pond substrate and vegetation, ban&atér and surrounding land
use. This reflected the large range of pond types invéstigeom natural ponds in the
reserve, where human impacts were small, to arfifiads in the agricultural areas
subjected to management of varying degree. Major trendater whemistry, in particular
conductivity, Na, Ca, Ba, Sr, SCCI, F and Si, probably reflected agriculture and
management of fish ponds. High Ca concentration sHmifdom the lime used for
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treatment of fishponds, but high concentration of Be, Sr, SQ Cl, F and Si might
indicate impacts from agriculture in the catchments &tudy on streams in the Nepalese
Middle Hills and the Kathmandu Valley, conductivity and camtcations of Na, Si and ClI
were higher in areas of intensive agriculture (Juttel 2003). Jenkinst al (1995)
concluded that agriculture contributed significantly toed#hces in chemistry between
headwater streams of the Middle Hills and the Himalayeere higher Si, Ba, Srand F
concentrations were due to increased weathering and higlemoations of acid anions
(Cl, SQ)) resulting from mineral fertiliser inputs. However,ther studies are needed to
investigate how agriculture influences chemistry of aquetiicsystems in areas with
different geological and climatic conditions such asltiwlands of Nepal. Despite their
location close to agricultural fields, concentrationswtfients (NQ and PQ) were often
low or not detected in the surface water of the Kosppligponds; this might be due to
rapid uptake by terrestrial and aquatic plants. Similariies/ere found in other studies
(Jenkinset al. 1995, Juttneet al 2003, Simkhada & Juttn2006), but in contrast with
results of Jonest al (1989). In our study nutrient concentrations were high#dre
interstitial water and contributed significantly to tihain gradients in water chemistry.
Major gradients in habitat character reflected habltahge as a result of pond
management in agricultural areas. Ponds presently us@dhfdarming were highly
managed with cleared of pond and bank vegetation while fdrshegponds and reserve

ponds had abundant aquatic vegetation and provided a \aireqyatic habitats.

Despite a wide range of chemical conditions and dityeodihabitats, the overall number
of diatom species, with 87 and 94 in the epiphytic and &piassemblages, respectively,
was low. Epiphytic assemblages had fewer species thpelie@ssemblages. However,
since no live material from the sediment was examioatifferentiate between live and

dead valves, it is possible that some of the speciexctadl in the sediment were deposited
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there, but had lived in other habitats (Cox 1988). The pdedshad very low diversity H’
and evenness E, and most assemblages were dominateddntwoespecies which were
present at > 10 % relative abundance. In contrast, 213 speeie found in ponds of the
Kathmandu Valley (Simkhada & Jittri&06). A much larger number of 182- 249 taxa
was also reported from artificial ponds in two arei3apan (Kobayagi Ando 1975,
1977). A possible reason for the low species richnesgiKoshi Tappu area might be
frequent disturbances, particularly of the artificiah@s, through fishing and clearance of
aquatic vegetation (Gharti-Chhetri pers. communicati&nyironmental heterogeneity
might also differ between these sets of ponds. Hathiifarences between the ponds in the
Kathmandu Valley were much greater than between the Regigu ponds (Simkhada &
Juttner 2006), while there is no information available ababttat diversity of the

Japanese ponds.

Diatom assemblages from different epiphytic microh&bieaere similar to each other and
no species was characteristic for a particular madbaht type. Similar observations were
made for epiphytic algae assemblages on submerged pditlednt macrophyte species
in a lake in Argentina (Tesolin & Tell 1996). Others héend species characteristic for
particular habitats in chemically similar lakes and pdiuishelutti et al. 2003),
suggesting that habitat preferences might only become appatbe absence of strong

chemical gradients or at very low nutrient concerdgreti

As in other studies, several species were equally abundantcrophytes and sediments
(Gaiser & Johansen 2000). However, overall species caitigpodiffered between
epiphytic and epipelic assemblages with several spsige#icantly more abundant in
either of the two habitats. Taxa more abundant ireflighyton included non-motile

attached species of the gerfiasmphonemawhile the motileSellaphora pupuland
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Diadesmis confervaceaere the most characteristic species in the epipeloservations

similar to those reported by other investigators (Cox 1988, Deé&gtaimol 1995).

Previous studies showed that diatom assemblage compasiponds reflects chemical
conditions, in particular gradients in nutrients concaions, pH and salinity (Bennion
1994, Robertst al 2001, Limet al 2001 a,b). In arctic ponds of Canada, aquatic
vegetation and substrate character were significatari®in addition to water chemistry
(Douglas & Smol 1995). In ponds of the Koshi Tappu area ep@tigtoms also reflected
changes in chemical and habitat charadtézschia amphibiaSynedra ulnavar.acus
Gomphonemaf. affine andNaviculacf. minimawere the most common species at sites
close to villages and agriculture. These ponds were pbipb#ected by the application of
CaCQ and the use of fertilisers on surrounding agricultuadll These species were also
associated with silt in the riparian zone and littdracontrastGomphonema parvulum
Nitzschiacf. incognitaandEncyonema silesiacumere characteristic in ponds with
abundant submerged macrophytes and plant remains as ®ilssran ponds in the
Kathmandu Valley (Simkhada & Jittri&06),A. minutissimunwas characteristic of sites
least impacted by agriculture. Correlations between ddagmchange, chemical and
habitat gradients were equally important. However, in nt@sgs chemistry and habitat
gradients were inter-correlated, in particular condugtaid Ca concentrations with
substrate character, bank profile and land use. While gp@ssemblage composition
was correlated with the abundance of submerged aquatis piaey did not indicate
different types of aquatic vegetation reflecting thesabs of specific assemblages in any
particular microhabitat such as filamentous algae,floe¢ing plants, submerged and

emergent plants.
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Comparing the response of epiphytic and epipelic assensbiageirface water chemistry
revealed that both assemblages reflected similar chegnadients in the surface water.
The most abundant species at sites with higher Na ntratiens differed between the
epiphytic and epipelic assemblages, Aohnanthidium minutissimumas the most
abundant species in both assemblages at sites witNdosoncentrations. The most
characteristic species at higher concentrationsapiMg and Sr also differed between the
two assemblages. In addition, epipelic species retlagptadients in S©concentrations in
surface water. Similarly, Douglas & Smol (1995) found thgtadient in alkalinity in
arctic ponds reflected by epilithic, epiphytic and epipatisemblages. In the study of Lim
et al (2001b) epiphytic, epilithic and epipelic diatoms re#elcgradients with respect to
total N and P, pH, Fe and temperature. In our study epigliioms reflected not only
gradients in the surface water but also in the intexstvater. In contrast to the surface
water, epipelic diatoms reflected gradients ibR@Gd Si in the interstitial water but not in
Na, suggesting their possible use as indicators of nug@ithment. Since epipelic
diatoms indicated changes in interstitial water chggnand the same chemical gradients
in the surface water as epiphytic diatoms, epipeétotns might be good indicators of
overall changes in chemical conditions (Letnal. 2001b). Though in rivers most
investigators use epilithic samples to monitor water qugdiglly & Whitton 1995, Lobo

et al 1995, Juttneet al 2003), this study and other investigations have shown tiiat b
epiphytic and epipelic diatoms can be used successfudigdess water quality in lakes

(Blancoet al 2004, Poutikovaet al 2004).

The abatement of pollution and habitat degradation ofviratdr ecosystems in the Koshi
Tappu area would benefit from regular biological monitormgdsess impacts of
environmental change on pond ecosystems. Both chemicahgstgl habitat assessment

provided valuable information that correlated with théestd the biota, demonstrating that
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the development of diatom-based monitoring tools woutthedl comprehensive
assessment of environmental quality of pond ecosystethsiregion and contribute to

environmental management to protect aquatic biodiversity.
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4. Diatoms in high altitude lakes of Gosainkunda, Langtang Naonal
Park, Central Nepal — relationships with chemical and habdt

characteristics

4.1 Abstract

Epilithic diatom assemblages in autumn 2000 in seven lakesepilithic, epipsammic,
epipelic and epiphytic diatom assemblages in spring 2003 iakes were studied in
relation to water chemistry and habitat characten®fGosainkund area, Langtang
National Park, Nepal. In May 2003 the mean pH of 6.5 wasfiignily lower than the
mean pH of 7.4 in November 2000. Concentrations of K, CNagidvere significantly
higher in 2003 compare to 2000. Epilithic assemblages compogitiered between the
seasons. In spring species indicating higher acidity wmere abundant than in autumn,
and percentage composition of acid sensitive species higededn both seasons there
were no significant correlations between species rich8esdiversity H’, evenness E and
water chemistry or littoral substrate compositiorgept significantly lower evenness at
sites with higher percentage of sand. However, canocicatspondence analysis (CCA)
with forward selection of environmental variables regdadignificant relationships
between variation in assemblage composition and lanthzeéumn (2000) and between
assemblage composition, land use and water chemistpyiimg (2003). Ordination
revealed a distinct variation in assemblage compaodieween different microhabitats in
2003 and S, H’ and E were significantly higher (p<0.05) ireghithic assemblages than

in the epipelic assemblages.
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4.2 Introduction

Mountain lakes are important aquatic ecosystems at higidas and provide habitats for
diverse diatom assemblages, which often include ongntgcdescribed taxa (Kwandrans
1994, Reichardt 1988, Tolotti 2001). Despite their remoteimtaimany of them are
affected by anthropogenic impacts such as the depositatmoispheric pollutants in
particular nitrogen and sulphur oxides (Pseratexl 2000), toxic metal and organic
compounds (Koclet al 1995, Juttneet al 1997, Grimaliet al. 2001) or climatic change
such as increase in temperature (Sommaruga-Woegtraih1997) and higher UV radiation
(Vinebrooke & Leavitt 2005). High mountain freshwater gstesms are increasingly
important to assess the impact of such environmental stsg&&ommaruga & Psenner
2001). They have been used to study hydrological changes an@&caheonditions
including changes in flux rates of chemical compounds (Leggtet al. 2001), erosion
(Nodaet al 2001), the influence of catchment vegetation (Kamehd. 2001) and
altered light conditions linked to changes in radiatiosh @ncentrations of dissolved
organic matter (Rechet al. 2001). Several studies have successfully used diatoms in
mountain lakes to monitor environmental change. Diatonsediment cores of 209 high
altitude lakes from eleven European countries reveal@disant changes over the last
150 years. Climate change affecting ice-cover and mixiggnes as well as increased
nutrient loads were discussed as the main responsilbbedgClarkeet al 2005). Studies
on other continents came to similar conclusions. IrGblerado Mountains of North
America changes of diatom assemblage composition $P@@ and particularly since the
1950s were attributed to enhanced atmospheric depositiomagert from anthropogenic
sources (Wolfeet al. 2001). Sediment diatom records from alpine lakes in tmadian
Cordillera were linked to altered limnological conditiassa result of climate change

during the Holocene (Karst-Riddoehal 2005a) and recent climate change in tH& 20
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century (Karst-Riddochkt al. 2005b). Training sets and transfer functions were developed
for mountain lakes in several regions to reconstruct enmiental conditions. In Europe
surface-sediment and epilithic diatoms have been useah&iruct a pH calibration set for
remote mountain lakes to assess acidification (Canmetrah1999). In Tasmania diatoms
and water chemistry from 76 mountain lakes were usedricedbée TASDIAT training

set for the reconstruction of chemical conditiongy& manet al 1995), and diatom-based
transfer functions for paleolimnological reconstrans of conductivity and alkalinity were

developed for mountain lakes in central Mexico (Daweieal 2002).

In the Himalaya, mountain lakes at medium altitudesvainerable due to rising pressures
on water resources as a result of population growth,dignial intensification and land
use change, urban and industrial development and at higihededtdue to increased
mountain tourism (Schreier 2005). Remote high altitude lekig®ut land use change and
pollution inputs from their catchments are threatenedrbgpine pollution originating

from long-distance atmospheric transport and globalatenchange (Battarbee 2005).
Studies of air pollution in Asia have shown the formatihe so-called “Asian Brown
Haze”, a vast blanket of pollution stretching over SouaAlt consists of ash, aerosols
and acids resulting from forest fires, increased emmss@m households and the burning
of fossil fuels by vehicles, industry and power statidite brown haze influences climate
and local weather pattern and is thought to be the rdasarcreased flooding in high
rainfall areas of Nepal. The acid compounds can lead tog#aofasensitive ecosystems
when they fall as acid rain (UNEP 2002). Higher nitroged$ can cause eutrophication
and acidification in oligotrophic mountain lakes reflecbs higher productivity and
changes of biological assemblages (Babal 2005). As in Europe where high mountain
lakes are severely impacted by atmospheric pollutants (Bett2002, Battarbest al

2005), lakes in the Himalaya are probably also affectedaduset in pollutant emissions
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on the Indian subcontinent (Ramanatkéaal 2002). Many mountain lakes in the
Nepalese Himalaya are located in remote areas obiNdtParks including Lake Tilitso in
the Annapurna area and the lakes in the Everest Nakankalin eastern Nepal. The
trophic status of Lake Tilitso has been studied and astto be ultraoligotrophic
(Aizaki et al 1987) and several other studies investigated morphomedtgr shemistry
and some biological aspects such as phytoplankton, zoopteaktbmacrozoobenthos of
lakes in the Everest area (Loffler 1969, Targamal 1997, 1998, Mancet al 1998). A
paleolimnological study involving four lakes in the Evenfdational Park was also carried
out and provided a historical record of considerable envirotahelmange as reflected by
changes in primary production, algal assemblages andrdoaioens of trace elements

(Lamiet al 1998).

High altitude lakes closest to the densely populated umgatnes are located in the
Gosainkund area of the Langtang National Park, CengpéNc. 32 km north of the
densely populated Kathmandu Valley, the capital city of Ndjeere are 30 lakes in the
Gosainkund area and ten of which were selected forttidy.sThese lakes could be
affected by atmospheric pollution particularly from theéhtaandu Valley, and also from
the lowlands of Nepal and northern India. Compared othier high mountain lakes in
Nepal, the lakes in the Gosainkund area can be acaedadely quickly and hence
provide an opportunity for regular monitoring of chemical adbigical change through
direct measurements. Previous studies in streams, poshdpr@ngs of Nepal have shown
that diatoms are good indicators of chemical conditi@ahal & Juttner 2004, Juttnetr
al. 1996, Juttneet al 2003, Rothfritzt al 1997, Simkhada & Juttner 2006, Simkhata
al. in press) and are likely to be equally suitable indisabdichemical change in these
high altitude lakes. This study investigated environmentalitond including water

chemistry and habitat character as well as diatoenasiages in two different seasons
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namely during the autumn in 2000 and during spring, shortly thftemain snow melt, in
2003 to examine whether (i) chemical conditions in &ke$ differed between the two
seasons, (ii) diatom assemblages reflected differenaasvironmental conditions between
lakes and between seasons and (iii) diatom diversitgrdd between microhabitats within

the same lake.

4.3 Materials and methods

4.3.1 Study area
The lakes are located in the Gosainkund area of the &iagpddational Park, Rasuwa
district, central Nepal, between 28°04.365’ - 28°05.027’ N and 85°24-8525.716' E,
and at altitudes between 4329 — 4654 m a.s.l. (Fig. 1). The lngniy&tional Park is the
park close to the densely populated Kathmandu Valley anddsxteom 32 km north of
Kathmandu to the Nepal — China (Tibet) border. The lakgsdtedbeyond of the first major
mountain range north of the Kathmandu Valley with tlghést elevations between 4517
and 5359 m. The geology consists of base-poor metamorpk& comprising gneisses,
guartzites and marbles. The climate is alpine with méater temperatures of -5 °C and
summer temperatures between 10 and 15 °C (Donner 1994). Theowsbon season lasts
from June until the end of September, and the dry adasm October to May. The lakes
are situated above the tree line (4200m) and the mairun@ rough grassland, alpine
scrub and boulder fields. Some of the lakes are coeth@ath each other through seepage
or small streams. There is a small settlement angepsites on the northern shore of the
largest lake (Lake 3, Gosainkund Lake). The lakes are taamtgpilgrimage sites and
visited by many Hindu pilgrims during the Janai Purnima festivalugust. A popular
trekking route from the Helambu area in the south td_#mgytang Valley in the north also

passes the lakes.
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4.3.2 Field investigations and laboratory procedures
The lakes were surveyed on two occasions. The firsegwmas conducted assessing seven

lakes during the dry postmonsoon season of November 2000 [able

Table 1. GIS position of the assessed Gosainkund lakes, Kev@®O00.

Local name Site label GlSpostion GISposition Altitude  Collection date

North East (m)

Suryakund Lake 1 28°04.365' 85°25.716' 4651 17.11.00
Ganeshkund Lake 2 28°04.509' 85°25.549' 4621 17.11.00
Gosainkund Lake 3/2 28°04.881" 85°24.934' 4407 18.11.00

Lake 4 28°04.755' 85°25.057 4411 18.11.00
Dudhkund Lake 5 28°04.644' 85°25.083' 4419 18.11.00
Bardakund Lake 6 28°04.730' 85°25.307" 4611 18.11.00
Bhairavkund Lake 7 28°04.945' 85°24.408' 4336 19.11.00

The second survey was conducted assessing ten lakes duriirg pine-monsoon season

of May 2003, shortly after the main snow melt (Table 2).

Table 2. GIS position of the assessed Gosainkund lakes2003y

Local name Sitelabel  GISposition GISpostion Altitude Collection date

North East (m)

Suryakund Lake 1 28°04.386' 85°25.655' 4654 25.5.03
Ganeshkund Lake 2 28°04.568' 85°25.481" 4627 25.5.03
Gosainkund Lake 3/1 28°05.042' 85°24.878' 4409 27.5.03
Gosainkund Lake 3/2 28°04.857 85°24.921' 4413 24.5.03

Lake 4 28°04.760' 85°25.053' 4412 24.5.03
Dudhkund Lake 5 28°04.642' 85°25.081" 4417 24.5.03
Bardakund Lake 6 28°04.728' 85°25.315' 4613 25.5.03
Bhairavkund Lake 7 28°04.874' 85°24.322' 4329 27.5.03

Lake 8 28°04.870' 85°24.963' 4412 24.5.03
Chandrakund Lake 9 28°04.292' 85°25.305' 4513 26.5.03
Amakund Lake 10 28°04.053' 85°25.388" 4545 26.5.03

The locations of the sampling sites on the lakes’ shwees similar in both years except

for Lake 2, where a different location was used during the 200&y due to snow cover
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and access problems. Longitude, latitude and altitude weasumezl using a GPS meter

(Garmin GPS 12 XL).

Habitat surveys recording twelve variables were conduotéédcribe substrate
composition in the lake littoral, bank profile and land usthin 100 m of the sampling
sites. Substrate composition was recorded as percermage Bank profile and land use
were recorded in three categories 0 = absent, 1 = < 3@8érgr 2 > 30% present.
Temperature, conductivity and pH were measured on site uplogable meter (WTW
pH/ Cond 340i, Weilheim, Germany). Water samples (2 x 3Quertg filtered (0.4um
cellulose-nitrate filters, Millipore, Watford, Englanaid the samples for cation analysis
were acidified with 1 ml nitric acid on site. Cationslamions were analysed by standard
method namely inductively-coupled plasma optical emisspattrometry (ICP-OES) and
ion chromatography respectively (Department of Mineraldatural History Museum,
London). Total inorganic nitrogen was estimated as them&drconcentrations of NO
and NH, Rain water and snow close to the lakes were aldected, analysed for ion

concentrations and pH was measured on the site.

In 2000, only epilithic diatoms were collected from stomdages using toothbrushes. In
2003, diatoms were collected from different microhab#atsh as stone surfaces, sand,
fine sediments and submerged macrophytes, depending on tlabifityaof these
substrates in the lake littoral. To collect epiphyt@atdms leaves and stems were taken
from plants along the lake margin. Where sand or ssatinvas accessible from the lake
shore epipsammic and epipelic diatoms were collectedidigig a cylindrical
polyethylene tube across the surface to remove the tojpnedre. Diatom samples were

preserved in c. 4 % formalin.
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Samples were processed following standard procedures {Bgtobdidation, Naphrax as
mountant). A minimum of 500 diatom valves per sampleeweeunted (1000x, DIC, Zeiss
Axioplan and Nikon E600) except for samples with very feataims. Where possible taxa
were identified to species or subspecies level using Krar@rhange-Bertalot (1986 -
1991), Lange-Bertalot & Krammer (1989), Krammer (1997) and Ralt&999). For
some nomenclatural revisions followed Williams & Roub8§7), and Round &

Bukhtiyarova (1996). Slides have been deposited at the Madtuseum Wales, Cardiff.

4.3.3 Data analysis
Diatom diversity H’ (Shannon diversity index) and evessn) were calculated (Shannon
& Weaver 1949). Species richness S was calculated baged twest number of valves
counted in any one sample using rarefaction on PRIMERGtiIBnships between S, H’,
E, water chemistry and littoral substrate composiuene investigated by regression
analysis (MINIAB 14). Differences in S, H’ and E beemedifferent substrates and
differences in water chemistry between 2000 and 2003 wegstigated using one-way

analysis of variance (ANOVA on MINITAB 14).

To investigate variations in assemblage compositiowdsst epilithic diatoms collected
during different seasons in 2000 and 2003, and between diffaremrthabitats within the
same lakes collected in 2003 two detrended correspondengsen@CA, CANOCO

4.5) were performed.

To relate diatom assemblage composition to environmgrddients of chemical and
habitat character in 2000 and 2003 two canonical correspondealyses with forward
selection of environmental variables (CCA, CANOCO 4.5)engerformed. Prior to
ordination chemical variables apart from pH were lag¢formed. For habitat variables
proportions (e.g. % substrate type) were arcsine transfband categorical values (e.g.

97



presence absence data) were not transformed. Speciegedatsquare-root transformed

prior to ordination.

4.4 Results

4.4.1 Habitat character and water chemistry
Mostly habitat character between the lakes differdt maspect to substrate composition
in the littoral (Table 3). Boulders were common at fiitessin 2000 and 2003, but almost
absent at two sites in 2000 and six sites in 2003. Coarsdragaligpes such as cobbles
and gravel varied between 20 — 45% and 10 — 35 % in 2000, and bé&twe#h% and 10
- 30 % in 2003. Smaller substrate types such as gravel add/aded between 0 — 30 %
and 0 — 25 % in 2000, and between 5 — 40 % and 0 — 40 % in 2003. Swasesenk
5 % at four sites in 2003. Bank profiles varied less and fakss had gentle and
composite banks with some steep sections present atafaime lakes. Tundra with alpine
scrub and boulder fields were the most abundant lantypes at most lakes, while the
cover of rough grassland within 100 m of the sampling stieddo a greater extend.
Water temperature was lower in November 2000 (mean 4.8, Bahge6.8) than in May
2003 (mean 9.1, range 1.0 — 15.1, Tables 4, 5). Water chenasted Yor some chemical
parameters between the two years. In May 2003 pH wagdisagnly lower (mean 6.5,
median 6.5, range 6.1 — 7.1 for seven lakes investigatedhrybars) than in November

2000 (mean 7.4, median 7.4, range 7.2 — 7.6, ANOVA p < 0.00ik, 80.3).
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Table 3. Habitat character of Gosainkund lakes in 2000 and 2003.

Substrate littoral Bank profile Land use
Boulder Cobble Pebble Gravel Sand Silt Steep Composite Gentle Rough grass Tundra Boulders

2000 % % % % % %

Lake 1 20 40 30 10 0 0 1 1 2 1 2 2
Lake 2 45 45 10 0 0 0 0 1 2 1 1 2
Lake 3/2 5 25 20 30 20 0 1 1 1 2 1 1
Lake 4 40 40 15 5 0 0 0 1 2 1 1 2
Lake 5 5 20 25 25 25 0 0 1 2 2 2 2
Lake 6 20 35 35 10 0 0 1 1 1 1 2 2
Lake 7 20 40 20 20 0 0 1 1 0 1 1 2
2003

Lake 1 25 30 25 15 5 0 0 1 2 1 2 2
Lake 2 0 5 20 40 35 0 1 1 2 1 2 2
Lake 3/1 5 20 10 20 40 5 2 1 0 2 1 1
Lake 3/2 5 20 20 25 25 5 0 2 1 2 2 1
Lake 4 25 40 30 2.5 0 2.5 0 1 2 2 2 2
Lake 5 5 25 30 20 20 0 1 1 1 2 2 2
Lake 6 25 25 20 10 20 0 1 1 1 1 2 2
Lake 7 20 30 20 10 20 0 1 1 0 2 1 1
Lake 8 5 20 15 20 35 5 0 2 1 2 2 1
Lake 9 5 50 30 5 10 0 1 1 1 1 2 2
Lake 10 30 40 20 10 0 0 1 1 1 1 2 2
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Table 4. Temperature and water chemistry of Gosainkied |J&November 2000.

Sitelabel Temperature pH Conductivity Na K Mg Ca ClI Ny SO,

(°C) (LS/cm) mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Lake 1 3.6 7.2 3 0.02 0.28 0.06 027 004 006 024
Lake 2 3.4 7.2 7 0.25 0.05 0.12 063 0.03 004 081
Lake 3/2 6.8 7.6 9 0.29 0.25 0.16 0.90 0.03 0.05 1.42
Lake 4 5.5 7.2 12 040 0.21 0.19 110 0.06 0.10 1.81
Lake 5 4.9 7.4 12 040 035 0.20 1.06 0.03 0.09 1.88
Lake 6 4.0 7.4 7 0.19 0.18 0.11 061 0.03 0.06 0.65
Lake 7 5.7 7.6 9 0.28 0.13 0.16 091 0.05 o0.07 1.20

Table 5. Temperature and water chemistry of Gosainkiked |&ay 2003.

Sitelabel Temperature pH Conductivity Na K Mg Ca CI Ny SO,

(°C) pS/cm mg/L mg/L mg/L mg/L mg/L mg/lL mg/L
Lake 1 5.9 6.9 5 0.18 0.72 0.08 053 0.06 010 0.35
Lake 2 1.0 6.1 5 0.36 0.79 0.15 0.92 0.05 0.08 0.89
Lake 3/1 10.1 7.3 10 0.39 0.83 0.18 1.07 0.07 0.13 1.16
Lake 3/2 14.4 7.1 9 0.40 0.80 0.18 1.00 0.05 0.09 1.21
Lake 4 15.1 6.2 11 035 0.79 0.17 1.05 0.07 0.10 1.18
Lake 5 11.3 6.2 7 0.25 0.76 0.14 0.78 0.06 0.14 0.72
Lake 6 5.9 6.5 7 0.25 0.77 0.12 0.76 0.06 0.12 0.68
Lake 7 9.3 6.5 10 0.39 0.80 0.19 1.11 0.06 0.09 1.21
Lake 8 12.5 7.4 9 0.30 0.77 0.16 0.95 0.07 0.14 0.87
Lake 9 9.7 6.9 6 0.22 0.76 0.10 0.64 0.08 0.12 0.38
Lake 10 5.1 6.4 5 0.15 0.75 0.08 0.48 0.04 0.10 0.29

Concentrations of K, Cl andNwere significantly higher in May 2003 (K mean 0.78,
median 0.79, range 0.72 — 0.80 mg/L; Cl mean 0.06, median 0.9&, 005 — 0.07 mg/L;
Nt mean 0.10, median 0.10, range 0.08 — 0.14 mg/L for sevenitadessigated in both
years) than in 2000 (K mean 0.21, median 0.21, range 0.05 — 0.35ANIVA p

<0.001, f1,13)212.4; Cl mean 0.04, median 0.03, range 0.03 — 0.06 mg/L, ANOVA p <

0.01, R1,13)14.3; Not mean 0.07, median 0.06, range 0.04 — 0.10 mg/L, ANOVA p < 0.01,
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Fa,13)10.1). Conductivity, Na, Mg, Ca and $@ried little between 2000 and 2003.

Phosphate was below the detection limit (< 0.01 mg20@0 and < 0.05 mg/L in 2003).

Rain water collected in May 2003 at Tharepati, 3600 m, c. 18dkth of the lakes had a
pH of 6.6 and snow collected at the Laurebina Pass (4670algsm proximity to the
lakes had a pH of 6.5. Total nitrogen concentrations weremgill in rain and 0.32 mg/L

in snow.

4.4.2 Diversity and assemblage composition
Species richness S, diversity H' and evenness E ofrdiassemblages in the Gosainkund

lakes were low in both years and in all microhabit@a®003 (Table 6).

Table 6. Species richness S, diversity H' and evenness Btohdassemblage in Gosainkund
lakes in the years 2000 and 2003.

2000 2003
Stones Stones Sand Sediment Macrophytes
S H' E S H' E S H' S H' S H' E
Lake 1 28 1.27 21 1.1 1 0.7
Lake 2 27 111 17 0.8 1 0.6
Lake 3/1 15 0.67 20 1.0
Lake 3/2 = 25 111 19 0.9 6 0.4 1 0 43
Lake 4 22 111 22 09 12 0.8
Lake 5 18  1.16 21 1.2 16 1.0 17 0.
Lake 6 16 0.61 12 0.7
Lake 7 21 097 25 1.2 12 0.7
Lake 8 20 1.01 18 0.91
Lake 9 24 1.13 8 0.47 13 0.92
Lake 10 17 0.99

In 2003 there were no significant differences betwedt &)d E of epilithic and
epipsammic assemblages. However, S, H' and E wendisantly higher in epilithic

assemblages than in epipelic assemblages.

There were no significant differences between St E of epilithic assemblages in 2000

and 2003 (Table 7).
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Table 7. Mean £ sd) of species richness, diversity and evenness of diatd@wsainkund lakes

in 2000 and 2003.

Epilithon
S H' E

2000 22.4+45 1.05+0.21 0.71+0.12
2003 19.6+4.2 1.01 +0.17 0.75 + 0.09
ANOVA ns ns ns
2003 Comparison of different substrates
Stones 18.5+ 3.0 0.97 +0.25 0.70 +0.17
Sand 145+ 4.4 0.85 + 0.20 0.67 +0.11
ANOVA ns ns ns
Stones 21.8+2.3 1.07 £ 0.13 0.76 + 0.07
Sediment 12.2+4.7 0.71+0.21 0.62 +0.13
ANOVA p = 0.001 p = 0.005 p = 0.047

Fair 20.1 Rii 12.7 Riir 5.1

In 2000, 67 benthic species (A1l % relative abundance) were found on stones in seven
lakes, while in 2003, 77 benthic species ¥5D %) were found on stones in 10 lakes. The
most species rich genera or groups in 2000 and 2003Ackreanthesensu lato with 13
species including several species formerbpamnanthedut now transferred to other
genera in particuld?sammothidiugnEunotia(10, 13),Naviculasensu lato (12, 7),
Fragilaria sensu lato (6, 7\ ;omphonem&5, 5) andAulacoseira(3, 4). Assemblages of
both years possessed many taxa with unclear specetsdentity (2000: 39 %, 2003: 51
%) and some of these taxa without precise taxonordenitification were frequent and
abundant in the lakes. Comparisons between species raifobad in different
microhabitats can only be made with reservation becstoses were collected in ten
lakes, sediments in six lakes, sand in four lakes amdaphytes only in two lakes (Table
8). However, it seems that species belongingdionanthesensu lato occurred equally on

stones (10), sediments (11), sand (10) and macrophytes (@arSiomber of species
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belonging toNaviculasensu lato (6, 4, 4 ) akagilaria sensu lato (5, 5, 3, ) occurred on
stones, sediments and sand respectively. Gomphonemapecies were found on stones,
three on sand, two on macrophytes but only one on theeeti. There were also more
Eunotiaspecies on stones (13) than on sediments (3) and samdit(fiye species
occurred on macrophytes in only two lakes. Species richwasigher on stones (63, 47
> 1 %) than on sediments (40, 28 %), sand (40, 16 1 %) and macrophytes (22, 23

%).

Table 8. Substrates collected from different lakes of {Bkead area in 2003

Stones Sediments Sand Macrophytes

Lake 1
Lake 2
Lake 3/1
Lake 3/2
Lake 4
Lake 5
Lake 6
Lake 7
Lake 8
Lake 9
Lake 10

X X X

x

XXX XX XXXXXX
XXX XXX

In 2000, the most common and abundant species in epiEgbeamblages were
Achnanthidium minutissimu(iutzing) CzarneckiAchnanthegf. linearis (W. Smith)
Grunow andAulacoseirasp.l. (Fig. 2) and in 2003 they wekeminutissimum
Psammothidiunef. marginulatum(Grunow) Bukhtiyarova & Round aral cf. linearis

(Fig. 3). Assemblage composition differed substantisdiyeen different lakes in both
years.Eunotiamuscicolav. tridentula (Norpel & Lange-Bertalot)Eunotiasp.1,
Anomoeoneis brachysii@rébisson) Grunow were typical at Lakes 1, 2 and 4 in 2800 a
were absent or occurred only at very low abundancég atther lakes. In 2003 the same
Eunotiaspecies were typical at Lake 1, 9 and 10 Aandrachysirawas typical in Lake 1, 7

and 9. Characteristic species in Lakes 3/2, 4 and 5 in 2000 iddhs@enmothidium
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subatomoidegHustedt) Bukhtiyarova & Round ar®taurosiracf. construen€hrenberg v.

venter(Ehrenberg) Hustedt. The former two speciesMadculacf. digitulus Hustedt
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Fig. 4.2 Relative abundances of common diatom species air&osd lakes, November 2000.
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Fig. 4.3 Relative abundances of common diatom species airBoad lakes, May 2003.

were typical at Lakes 4, 5 and 8 in 2088cyonema minutuifiHilse in Rabenhorst) D.G.

Mann was most abundant at Lake 3/1 in 2003 and at Lake 3/2 in 2@p@Was a
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considerable change in assemblage composition in afl lzddeveen 2000 and 2003 (Figs
4,5 a, b). The most common spedesninutissimumvas more abundant in 2003 at Lakes
1 and 2, but less abundant at Lakes 3/2, 4, 6 and 7. At Lakeks2lspecies such as
Fragilaria exiguaGrunow (at Lake 1)Aulacoseirasp. 1,Psammothidiuncf. scoticum
(Flower & Jones) Bukhtiyarova & Roundchnanthe<f. chlidanosHohn & Hellermann
andEunotiasp.1 declined. Species which were more abundant in 2003 atlakasy
includedAulacoseiracf. alpigena(Grunow) KrammerP. cf. marginulatum Achnanthes
distinctaMessikommerTabellaria flocculosgRoth) Kitzing,A. brachysiraand ‘Nepalia
gosainkundensismanuscript name. Species which declined in many lakesdad|

Aulacoseirasp.1,P. subatomoidess cf. construens. venterandP. cf. scoticum
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Fig. 4.4 Differences in relative abundances of commorahnddant diatom species of
Gosainkund lakes in 2000 and 2003
[November 2000 (black bars) and May 2003 (grey bars)].

There were substantial differences between assembiadéferent microhabitats within
the same lake for most lakes where several substratesoallected (Figs 6 a, b, 7, Table

9).
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5. (a). DCA ordination of diatom assemblages in Gosainkakes in 2000 (-00)and 2003 (03),

arrows indicate differences in ordination scores oémtdages from the same lakes.
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Fig. 4.5 DCA ordinations of diatom assemblages of Gosainlaked in 2000 and 2003.
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Table 9. Habitat preferences (relative abundanmiediatom species in Gosainkund lakes in 2003.

Achnanthidium Achnanthes cf. linearis Encyonema minutum Psammothidium Achnanthes cf. Achnanthes Psammothidium cf. Psammothidium
minutissimum cf. marginulatum chlidanos distincta scoticum subatomoides
Stones Sand Stones Sand Stones Sand Stones Sand néSto Sand Stones Sand Stones Sand Stones Sand
Lake 1 17.6 0.3 10.9 0.0 0.8 0.0 16.0 40.6 17 295 5.0 8 2. 1.7 8.2 0.0 0.0
Lake 2 47.9 62.7 10.5 3.2 0.7 0.0 10.1 13.3 1.3 1.8 2.6 2 6. 0.0 3.8 0.9 4.4
Lake 3/1 65.3 221 2.8 0.6 7.3 2.9 34 27.3 11 12.9 11 88 2.0 2.1 0.3 0.0
Lake 5 7.1 2.6 0.3 0.0 35 17 7.4 16.0 11.5 13.1 7.4 169 2.7 5.8 3.2 10.8
Achnanthes cf. linearis Tabellaria flocculosa Anomoeoneis brachysira Psammothidium cf.
scoticum
Stones Sedim. Stones Sedim. Stones Sedim. Stones  edir8.
Lake 3/2 3.2 0.0 6.1 0.3 0.9 1.5 0.0 10.8
Lake 4 0.0 0.0 11 0.0 14 0.0 14 4.1
Lake 5 0.3 0.0 0.3 0.0 0.6 0.0 2.7 5.6
Lake 7 13.9 1.2 0.8 0.3 8.3 0.6 1.9 11.0
Lake 8 0.0 0.0 0.0 0.0 0.6 0.3 2.9 0.0
Lake 9 3.2 0.0 11 0.0 10.7 0.9 0.0 0.0
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Assemblage composition in different microhabitats siaslar in Lake 5 and differed
most in Lakes 1, 3/2, 7, 8 and 9 for some of the micrtdizbiSeveral species showed
clear habitat preferences. For exanlef. marginulatumA. cf. chlidanos A. distincta
andP. subatomoidegere abundant on sand than on stonespPawél scoticumwas
abundant in sediments than on stones in four ouv®idkes where it occurred. cf.
linearis andE. minutumwere more abundant on stones than on shnitbcculosaand. A.
brachysirawere common on stones than on sediment. Other conemabundant species

(Fig. 7) showed no preference for any particular micraaabi

4.4.3 Relationships with habitat character and water chemistry
In both years, there were no significant correlatiogisveen species richness S, diversity
H’, evenness E and water chemistry or littoral swtetcomposition, except significantly
lower evenness at sites with higher percentage of sand)&3, p < 0.001) in 2003.
There was also a trend that diversity was loweregdlsites, but this was not significant.

Sites with higher percentage of gravel also tended to losex evenness.

Canonical correspondence analysis (CCA) with forwarecseh of environmental
variables revealed significant relationships betwe@mgés in species composition and
land use in 2000 and between species composition, land usetercchemistry in 2003.
In 2000, CCA axis 1 explained 29.2 % and axis 2 explained 23.0 % wétlance.
Forward selection of environmental variables revealedathigtland use “rough
grassland” contributed significantly to the model and wastraetrongly correlated with
axis 1, while bank profile “gentle banks” was almost sigaiit and most strongly
correlated with axis 2 (Fig. 8 a). However, several otheiables, reflecting gradients in
littoral substrate composition, land use and water cliemaiso seemed to be correlated

with diatom assemblage change represented by axis 1 budtd@nificantly contribute
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to the model. Species most abundant at lakes with highegmiage of rough grassland in
the catchment, smaller substrate sizes (sand, gravik ilake littoral and higher
concentrations of Na, Ca, Mg and SfereS.cf. construeny. venter P. subatomoides

A. cf. chlidanos A. distincta P. cf. scoticum Aulacoseirasp.1 andAchnanthesp. 2 (Figs

8 b, ¢). In lakes with boulder fields as main land uskararser substrate types (cobbles,
boulders) in the littoral\. brachysira A. cf. linearis, P. cf. marginulatum A.
minutissimumF. exigua T. flocculosaandE. muscicolav. tridentulawere typical A.
minutissimunmandA. cf. linearis also seemed more characteristic in lakes with steeper
banks, whileP. cf. scoticum Aulacoseirasp.1,A. cf. chlidanosandP. subatomoidewere

the most abundant species in lakes with predominantlijegeanks.

In 2003, CCA axis 1 explained 23.3 % of the variance and axpl2ieed 18.0 % of the
variance. Forward selection of environmental varialdesaled that land use “rough
grassland” and Na concentrations contributed signifigaatthe model, but total nitrogen,
Cl, conductivity, temperature, littoral substrate compositind bank profile also seemed

to be correlated with changes in assemblage composfimasented by axis 1 and 2 (Fig.
9a). WhileA. cf. alpigenaandP. cf. marginulatumwere the most abundant species at lakes
with more rough grass as catchment land use, higher tatayeit, conductivity, littoral

silt and composite bank8, minutissimunandA. cf. linearis were the most abundant
species at the opposite end of this gradient and as in 2800iated with coarser substrate
types in the littoral, steeper banks and boulder fieddsradominant land use. In 2083

minutissimunmandA. cf. linearis also indicated higher Na concentrations (Figs 9b, c).
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4.5 Discussion

4.5.1 Acidification
Lakes in the Gosainkund area of high altitude regiongmtial Nepal are at risk of
environmental degradation such as acidification, eutropbicand climate related change
due to their geology composed of base-poor bedrock, thetidoda close proximity to a
major regional urban centre and impacts of rising atmergppollution over the Indian
subcontinent. The present study indicates differencdseimical conditions between the
autumn and spring after the main snow melt, which wasraferted by changes in
diatom assemblages. The findings stress the need foerfunthestigations to assess
consequences of long distance transport of atmospgtahitants and other anthropogenic

impacts for these sensitive ecosystems.

The ionic content and conductivity of water in the Golsaind lakes was low, probably
reflecting bedrock mineralogy, which has great influencevater chemistry in mountain
lakes (Kamenilet al 2001). In Gosainkund area water chemistry varied vely between
lakes in contrast to eastern Himalayan lakes of tleedst National Park with similar
geological background (Tartai al 1998). The main cause of a much greater variability
in water chemistry of the former lakes was due to tkegice of glaciers in some of the
watersheds, while glaciers were absent in the catclsnoétibe investigated lakes at
Gosainkund. There were significant variations in watemistry between seasons with pH
significantly lower and K, Cl and total nitrogen signifitly higher during May 2003.

Most of the snow in the lakes’ catchments had meltedtas possible that acids stored in
the snow cover had been released and were responsibightier acidity during spring.
Acid episodes with high concentration of N&lso occurred during snow melt in other

alpine ecosystems and had toxic effects on biota (Lepati 2003, Lepori & Ormerod
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2005). Sulfate concentration was low in the Gosainkundsldkeing spring, suggesting
possibly NQ is the main factor responsible for lowering water Pphis would be similar
to the situation in Europe, where Skas decreased and hlfdcreased over the last
decades (Psenner & Catalan 1994). In May 2003 rain watectealle. 12 km south of the
Gosainkund lakes and snow collected at the Laurebina £&&3 (n) close to the lakes had
pH values of 6.6 and 6.5 similar to a mean pH of 6.5 founthéolakes. However, total
nitrogen concentrations in rain (1.11 mg/L) and in snow (h§2.) were considerably
higher than in the lakes (mean 0.10 mg/L). Low pH value®wslso measured in
December 2003 in 30 springs in the Nepalese Middle Hillsedio the Kathmandu Valley
(mean pH 5.7, median 5.8, Dahal & Juttner 2004) and in May 20§)&iimgs of the
Helambu area north of the Kathmandu Valley and southosi{Bkunda (pH 4.9 and 5.9,
Jattner unpubl. data). These findings suggest that acid depesatie the most likely
source of pollution at present affecting high altitude dakethe Gosainkund area during
spring. Other aquatic ecosystems closer to the highlytedllarea of the Kathmandu

Valley such as springs might be already more sevafédgted.

4.5.2 Biodiversity and relationships with environmental conditions
Species richness, diversity and evenness were low lmkak. However, assemblage with
high number of taxa whose species level identificagarot clear consulting the published
floras suggest that further taxonomic investigations nmgteal the importance of these
lakes as habitats for a specific high altitude diatom floraontrast to other studies in
standing waters of Nepal, where epipelic assemblagessigarificantly more species rich
and diverse (Simkhada & Juttner 2006, Simkheidal. in press) in the Gosainkund lakes
species richness, diversity and evenness were signlfidagher in epilithic assemblages.
Similarly, in the Gosainkund area assemblages showohabiat selectivity. Several

species showed clear habitat preferences with some im@regabundant on stones and
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others more abundant on sand or sediments. Habitatgmeés of certain diatom species
were also found in ultra-oligotrophic ponds and in the Gmmaarctic lakes where water
chemistry conditions were similar across sites akigstudy (Micheluttet al 2003).
However, assemblages also differed between microhasiiah as sediments and aquatic
macrophytes in ponds of the Nepalese lowlands despitg¢sence of strong chemical
gradients suggesting specific habitat properties rathercti@mical conditions are

important factors in determining habitat preferences aarespecies.

Many of the common and most abundant diatom taxa weikaisto species characteristic
for mountain lakes in Europe and belong to the gelenmanthesensu latoEunotiaand
Aulacoseira The total number of taxa found in the Gosainkund lakeged between 22 -
38 in 2000 and 9 — 30 in 2003 and was lower on average than in 1ilakedtalian

Alps (25 — 122) which are also situated on crystalline rot&®(ti 2001). In the Italian
lakesAchnanthes marginulat@runow (transferred tBsammothidium marginulatyrand

a related but yet unidentified species were the most frégarean In May 2003 when the
Gosainkund lakes were more acidic a species similar toarginulatunoccurred
abundantly and further taxonomic studies on specimen ffrath regions would be
interesting to establish their true identity. In cositta the lakes in the Italian Alps species
which are typical in strongly acidified waters sucleasotia exigugBrébisson)
Rabenhorst oEunotia subarcuatoideslles, Norpel-Schempp & Lange-Bertalot Cleve
(Tolotti 2001, Lewiset al in press), were not present in the Gosainkund lakewsekMer,
another species. flocculosa(Juttneret al 1997, Juttner unpubl. data) characteristic for
moderate acidification occurred in the Gosainkund lakeswas more abundant in spring

2003 than in autumn 2000.
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Despite the absence of strong environmental gradiar2§00 there were clear variations
in species composition between lakes. In 2003 differemcesriperature and pH were
more pronounced and so were changes in assemblage coonpasireflected by DCA

axis 1 and 2. DCA ordination also revealed that diatomnalskages differed between
autumn 2000 and spring 2003. Although there were differences dwréwtion of change
with respect to relative abundances of several sperid some species increased in some
lakes but decreased in others, overall change between 20@D@3 as indicated by DCA
axis 1 and 2 scores were the same for all lakes. Sespeaies were less abundant in 2003
including two unidentified species of the genardacoseiraandEunotia Similar to
changes in low alkalinity mountain lakes in Scotl&éhoheset al. 1993, Battarbee 2009).

cf. scoticum(transferred from\chnanthes scoticBlower) had decreased aRdcf.
marginulatumhad increased in spring 2003 with the latter indicatingeamed acidity. As

in the Scottish lake&. minutissimunimad also decreased in the majority of the Gosainkund
lakes except in Lake 1 and 2 where it was more abundapting<2003. At Lochnagar in
ScotlandAulacoseira distansg. nivalis (Smith) Haworth had increased from the 1960s
while at the Gosainkund lakés cf. alpigenawas absent in autumn 2000 but appeared in
five of the seven lakes in May 2003, and might be an atdicf changes in

environmental conditions between both yeBrssubatomoidebad declined significantly

in three lakes in spring 2003 whie cf. chlidanoshad increased in several lakes. The
former species occurred at higher pH in 17 high latitude laktdse Italian Alps and the
latter species occurred at lower pH and alkalinity (Tio&801). Although most of the
changes in assemblages composition indicated that ragitty during spring was likely

to be the main cause, other differences in environmeotalitions between the two
surveys such as higher temperature in spring or differdrstesen lakes such as

substratum composition in the littoral or catchment lasel cannot be ruled out as
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important factors. Despite the observation of fewiicant relationships between diatoms
and environmental variables, CCA ordinations showed tlaesers were responsible for
assemblages change. However, the very small numbekes might have hampered the
analysis and results should therefore be interpreiddcaution and regarded as
preliminary unless a larger number of lakes in the regave been investigated. In both
years water chemistry in particular conductivity and eoti@tions of Ca, Mg, SOK and
Na, land use and substrate composition in the litt@eined to be associated with
assemblage change similar to findings in lowland pondsephil (Simkhadat al in

press). Though a more pronounced gradient in pH was obseriay 2003, the pH
differences between lakes were unrelated to assemblaggeshrepresented by CCA axis
1 and 2, and in some cases assemblages from lakesmiitdr pH were not grouped
together by DCA ordination supporting the hypothesis that ddlcéors might have also

affected for change in diatom assemblages composition.

Climate related changes such as altered levels of didtian and temperatures can have
significant effects on sensitive ecosystems includinglpifis, particularly in lakes with
low levels of UV- screening and dissolved organic carboh asdakes at high altitudes or
latitudes (Koiniget al 1998, Vincent & Pienitz 1996), and these should be considsred a
potentially important stressors in Himalayan lakesaddition, increased nutrient
concentrations due to long distant atmospheric trangpdrtlirect release of untreated
sewage from local settlements are the potential ithteghe health of these ecosystem. In
the Gosainkund area during Janai Purnima festival in Augusgs a large number of
pilgrims to the lakes and a study during this time of tla geuld investigate potential
effects on nutrient concentrations and biological abtayes. Epipsammic diatoms which
have proved as sensible indicators of short-termanttanrichment in an oligotrophic lake

in Germany (Raeder & Busse 2001) are also common atdbaitkund lakes, and could
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be used to monitor such changes at Gosainkund. Littorahtsatom stones, mud and
reeds were used in a study on Austrian lakes and showtegptphytic assemblages were
most suited to indicate lake trophic status (R&woNaet al 2004). The choice of the most
suitable substrate might vary with the location andremwental conditions of the lakes
and should therefore be carefully considered. Furtheegsmwan identify particular
indicator species and compile autecological informatioastablish pH and nutrient
optima (Potapova & Charles 2003). These data could thapded in paleolimnological
reconstructions of recent environmental change using sedicores (Bennioat al

2004). A wider survey to relate environmental conditionscaatbm assemblage
distribution in Himalayan high altitude lakes, could atbaracterise reference
assemblages before more pronounced environmental changesdeavred and against
which future changes can be judged (Simpestoal. 2005). A large scale survey in Nepal
could involve more lakes in the area of Gosainkund asasell large number of lakes
further east in the Everest National Park. Theseslake located above the tree line
(4200m) and in areas of similar geological background, lpuesent a wide range of
ecological conditions due to variations in land use bagptesence and absence of
glaciers. The proposed study could assess their curr@ogexal status and provide
important information for monitoring environmental changd &r the future protection

of these ecosystems.

In addition to further ecological studies there isuagent need for more taxonomic work.
This study highlighted that the absence of taxononacalitire prevented the identification
of many species, without which comparisons with respeetdngical preferences of
species in other parts of the world and their use asatuti organisms remains unclear.
Previous studies in Nepal have shown that new diatomespeccur more often in the

eastern parts of the Himalayas (Jutteeal 2004) and some seem to be characteristic of
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particular environmental conditions (Jutte¢ral 2000). One species in the Gosainkund
lakes has been identified as a member of a new genusef&ital in prep.) and further
taxonomic studies on the diatom flora of these lakédollow with particular emphasise

on taxa of uncertain taxonomic status and comparisahsother high altitude lake floras.
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5. Final discussion

5.1 Freshwater ecosystems in Nepal

Nepal possesses a diversity of standing freshwatexragswith great ecological, cultural
and economic value. They include high altitude lakes sudiedarge and remote Lake
Rara and Lake Phoksumdo in Mugu and Dolpa districts of mgtese Nepal respectively
and Lake Tilitso in the Manang district of westermblieas well as many smaller high
altitude lakes such as those in the Gosainkund areatv&tBlepal and in the Everest
region of Solukhumbu district of eastern Nepal. Sonthede lakes were studied
previously to investigate geology, hydrology, morphomettewchemistry, trophic
status, plankton, macrozoobenthos and paleolimnologicalds (Okino & Satoh 1986,
Aizaki et al. 1987, Bortolami 1998, Bertost al. 1998, Tartaret al 1998, Tartaret al
1998, Mancaet al. 1998, Lamiet al 1998). However, no attempt had been made to study
high altitude lakes in relative proximity to a major popolatcentre and its potential
impacts due to polluting emissions. Data from the higtud lakes at Gosainkunda
collected for this study provide the first evidence of sagbeicts and the vulnerability of
these ecosystems to acidification in the future. Wdmldification of soils and surface
water, particularly a decrease of soil base saturatidnstream water acid neutralising
capacity, was predicted as a result of increased aciditlepssnd fertiliser use in the
Nepalese Middle Hills (Renshast al. 1997), acidification of mountain lakes in base-poor
geological regions of the high Himalaya would be mdstyi a result of increasing
atmospheric pollution and long-distance transport of agidjfsubstances (Shrestha &
Malla 1996, Shresthet al 2000, Hindman & Upadhyay 2002, Carriebal 2003, Kondo
et al 2005). Future long-term studies and the investigationdfret records could

reveal to what extend these ecosystems have beeill be affected by acid depositions.
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In the Middle Hills there are a large number of lakethe Pokhara Valley of western
Nepal, while in the Kathmandu Valley there are fewenditag waters including some
ancient ponds of great historical and cultural significahteontrast to the Pokhara
Valley, where deterioration of watersheds due to pooritaaagement and environmental
degradation of the lakes has been documented and led tosdiepaeent of conservation
plans (Rana 1990, Thapa & Weber 1995, IUCN 1995, Bista 2002, Sh&f$i), the
standing waters of the Kathmandu Valley have receivechriass attention. Studies in the
Kathmandu Valley focused on the ancient Lake Taudaha, veh&toration project was
implemented by a local conservation organisation (Bodservation Nepal 1997, Baral
pers. comm.), and on investigations of phytoplankton anthlzefauna in some ponds
(Hickel 1973a, Yadaet al. 1983, Lohmaret al 1988). The paucity of data is unfortunate
because many aquatic ecosystems in the Kathmandu Vally saon or have already
disappeared due to the absence of adequate management,avetpelluted (Juttneat al
2003, Sharmat al 2005). There are now very few remaining ponds, whictpoavide
habitat for aquatic biota. The study of the benthic disassemblages in these ponds
provided evidence that these ecosystems supported a divgese/ith many species
restricted to very few locations. This might alsahe for other aquatic biota and

demands further investigations as well as better protetai preserve these habitats.

In the lowlands of Nepal there are several lakes df kignificance for nature
conservation such as the recently declared RamsanslstBeeshazar in the Royal
Chitwan National Park, the Ghodaghodi Lake area in gn&aKdistrict and the
Jagadishpur Reservoir in the Kapilvastu district of wesepal. The significance of
these ecosystems for some wildlife particularly elerates is well known (Baral 1992,
Majupuria & Kumar 1998, 1999), but there is very limited inforoa@bout their

limnological character (McEachern 1993). Another intBomally important wetland area
130



declared as the first Ramsar site of Nepal in 1987, ig&tisdi Tappu Wildlife Reserve
situated on the flood-plain of the Sapta-Kosi River @ ldwlands of eastern Nepal. It is
famous for its bird fauna as well as for providing habdaate last surviving population of
the wild buffalo. Diverse aquatic ecosystems suchvass; streams, ditches, oxbow lakes,
ponds and marshland provide valuable habitat for a diverse @afjaediand fauna (Sah
1997). However, substantial areas of adjacent wetlaans leen lost to agriculture, and
increasing pressure on the reserve itself for firewémtter, livestock and thatch
collection as well as hunting and fishing threatens agaati terrestrial ecosystems (Baral
pers. communication). Although some agricultural pracsses as aqua culture and
fishing have maintained or created additional wetlands ticp&ar ponds, intensive use by
livestock and crop farming in the immediate vicinities Imigave substantially altered the
habitat and chemical conditions of these ecosysteheseTare yet no methods available to
monitor such changes in Koshi Tappu, but the present investigetepiphytic and

epipelic diatoms has shown that they can be used sfgltgsis indicators of water
chemistry changes linked to agriculture in the catchmashiodhabitat character. The
current data and further investigations could lead to the @@vent of methods for

regular monitoring of environmental change in ponds ofN#galese lowlands to assists

better environmental management of these ecosystems.

5.2 Diatom species richness and diversity

Diatom diversity and assemblage composition differedifsagntly between the ponds in
the lowlands and in the Middle Hills of Nepal and betwte ponds and the lakes in the
high Himalaya reflecting contrasting environmental caodg between these ecosystems
such as temperature, water chemistry and habitat cear@ttanging physical and

chemical conditions were also found in 34 lentic waidits along an altitudinal gradient
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in Nepal with ion concentrations and trophic status irssngawith decreasing altitude
(Lacoul & Freedman 2005). Similarly recent study of macraplplants showed an
approximately linear decline in species richness and divergityincreasing altitude
(Lacoul & Freedman 2006), while species richness of diateasshighest in the ponds at
intermediate altitudes in the Kathmandu Valley. Althougly d6 ponds were surveyed in
the Kathmandu Valley 213 species were found, many more nithe iowland ponds with
119 species (64 ponds) or 77 species in ten high altitude l&egver, the numbers of
genera found in the different areas were similar &ithn the Kathmandu Valley ponds,
29 in the Koshi Tappu ponds, and 23 in the Gosainkund lakes. Tstesp&zies rich
genera dominating the assemblages in the different eaei@sl. In the Gosainkund lakes
they wereAchnanthesensu lato including several species formerlehnanthedut now
transferred to other genera, followedBynotiaandNaviculasensu lato. These included
several taxa found in other high altitude lakes or unifiedttaxa similar to well known
taxa from mountain lakes suchRsammothidiungtransferred frorchnanthescf.
marginulatum(Grunow) Bukhtiyarova & Round arlfsammothidium subatomoides
(Hustedt) Bukhtiyarova & Round (Tolotti 2001). Many of theseg observed could not
be identified, with 9 of 15 idchnanthesensu lato and 7 of IBunotiaspecies. In the
Middle Hills and low land the number of unidentified speamespecies rich genera
differed and includetNaviculawith 13 of 42 unidentified, an@omphonemavith 20 of 37
unidentified taxa in the middle Hills, while in the KoStdappu pond§&somphonemavith 7
of 15 unidentifiedNaviculawith 5 of 27 unidentified, anNitzschiawith 4 of 15
unidentified taxa. In total a much higher percentage>@t tauld not be identified in the
high altitude lakes (2000: 39 %, 2003: 51 %) compared to the niiiliBg30% %) and in
lowland ponds (29 %). Although cosmopolitan taxa were gépe@@mmon, a significant

proportion of the diatom flora was represented by taxaprobably have a restricted
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distribution. Similar findings were reported from otpeeviously poorly investigated areas
such as the inland waters of the Falkland Islands, wamgeoximately one third of the
taxa had regionally restricted distributions (Flower 2086§ the Andes in South

America, where a large number of new taxa was founth(iRtret al 2000).

The role of substrata for benthic algae has long besgnised (Burkholder 1996)
particularly with respect to chemical interactions (Bwider & Wetzel 1990), but effects
of microtopography and substratum stability have also beestigated (Whitton 1975,
Cattaneo & Kalff 1978, Burkholder & Wetzel 1989). Althoughréhis conflicting
evidence and many algae are habitat generalists somespeem to have more specific
habitat preferences and contribute to significant diffees in assemblage composition on
different substrates (Reavie & Smol 1997, Soininen & Etara004). In the Koshi Tappu
ponds and in the Gosainkund lakes assemblages also dgfgreficantly between
different microhabitats. As in other studies the abuhdpecies in epipelic assemblages
were motile diatoms of genera suchSadlaphora NaviculaandDiadesmigCox 1988,
Douglas & Smol 1995, Soininen 2004), while taxa more abundaing iapiphyton
included non-motile attached species such as members gétlussomphonemaSpecies
with clear habitat preferences also occurred in thesldiest of them were characteristic
on sand and included well known epipsammic species dasi@xa living attached to
sand grains such &s cf. marginulatum P. subatomoideandPsammothidiuncf.
scoticum(Flower & Jones) Bukhtiyarova & Round (BukhtiyaroveR&und 1996), while
some taxa were more characteristic on stones.rtrasi, most assemblages found in
different microhabitats of the Kathmandu Valley pondsessemilar except in two ponds
where the assemblages on macrophytes and sedimdetsdiinarkedly. Strong habitat
affinities of some taxa were also found by other ingasbrs. In high arctic ponds moss

and sediment assemblages were more distinguishablesbamlalages on rocks and most
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species with habitat preferences occurred on the setjimeite fewer were specific to
mosses and only one to rocks (Létnal 2001a). Douglas & Smol (1995) and Micheletti
al. (2003) also found the highest numbers of habitat spéakeac on sediments and fewer
on mosses and stones. The latter is in contrastdmds from the Koshi Tappu ponds,
where fewer species were more abundant in sedinteansri the epiphyton, but similar to
findings in the Kathmandu Valley ponds, where many moreiep&ere confined to the
sediment than to other substrates. Cox (1988) also fcha@cteristic assemblages in
different habitats and suggested that the habitat a#fndf species from the genera
EunotiaandPinnulariaon mosses reflected particular microhabitat conditioitis nespect
to lower pH. Differences between assemblages on setliraad other substrate types
could reflect a range of distinct chemical conditiomshsas higher ion and nutrient
concentrations as found in the interstitial water afgsin Koshi Tappu. Specific
assemblages on sand in the Gosainkund lakes are mdyedikeflect differences in
microhabitat topography (Round & Bukhtiyarova 1996). Howeassemblages from
morphologically different macrophyte species in thel{dappu ponds were very similar
to each other and indicated no influence of microhabiigmphy on assemblage
composition. Micheluttet al (2003) found higher diversity in assemblages on sediments
than in other habitats, however, Cox (1988) stresseckiiaelic assemblages can present
an integrated sample from all habitats including speeiesh did not live on the sediment,
but accumulated there and were never found when live ilaters examined. In the
Koshi Tappu and Kathmandu Valley ponds species richness amdityiveere also higher
in the epipelic assemblages, but in the Gosainkund exses richness, diversity and
evenness were significantly higher in the epilithomtimthe epipelon. These differences
might have been due to the intensity of grazing with pbswer numbers of grazers in

the high altitude lakes than in the ponds, and the lackmbval of species susceptible to
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grazing (Medlin 1980, Peters@bal 1998). Czarnecki (1979) reported that during
biweekly collections over one year epipelic assemisidgel higher diversity most of the
time, but diversity fluctuated more in the epilithon avels sometimes higher than in the
epipelon. The present study and previous investigationsstamwen that pattern of
diversity and species richness as well as habitat gpgcdan vary considerably between
locations. The nature of the microhabitat and cheneicatlitions are probably the most
important factors (Burkholder 1996), but further studies undange of conditions are

needed to clarify the role of these factors for asdages in different microhabitats.

5.3 Relationships between diatoms and environmental character

While relatively few studies have investigated the impaeaof habitat character for
diatom distribution (Rothfritzt al. 1997, Juttneet al 2003, Lewiset al in press) many
investigations have shown that chemical gradients arer dejerminants in diatom
distribution in freshwaters including lakes and ponds (PetgoCharles 2003, Clarket
al. 2005). Acidification, eutrophication and pollution for exdenwith heavy metals had
considerable impact on diatom assemblages in many lakas €Dal. 1991, Battarbeet

al. 1999, Hall & Smol 1999). Lake acidification and its negaimpact on economic value
has been recognised in many parts of Europe and North éargnice the late 1960s and
early 1970s, where major decline in fish populations oeseflensen & Snekvik 1972,
Beamish & Harvey 1972). It has since led to a large nuwibsudies and the
development of training sets and transfer functiongt¢onstruct pH and related
hydrochemical variables (Charles & Whitehead 1986, Batta&feenberg 1990, Birkst
al. 1990, Battarbee 2002). Acid rain has also emerged as aenajosnmental problem in
Asia particularly in China and Japan, where acidifying sioms have risen dramatically

and lead to extremely low rain water pH, but effect®oosystems are still poorly
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understood (Streets al 2001, Haret al. 2006, Larseet al. 2006). Studies in India
revealed that rain water in some parts of India wa®mely acidic and the problems of
further increasing emissions for north-eastern aredslowt buffer capacity were
highlighted (Aggarwaét al 2001, Granagt al 2001). A large part of the eastern
Himalaya in Nepal also consists of base-poor bedrodinéimet al 1998). The ionic
content and conductivity of water in the Gosainkund lak&s low, probably reflecting
bedrock mineralogy with low buffer capacity and high gesfity to acid depositions. An
ice-core study from Mount Everest showed a dramatic aserén NH since the 1950s.
High positive correlations with S@ind NQ suggested that a portion of the NH
concentration was probably related to enhanced atmasuadification (Kanget al

2002). Chemical properties such as pH and nitrogen concentati rain water and snow
collected near the Gosainkund lakes suggest that they bagdffected by atmospherically
transported pollutants possibly originating in the dengepyulated area of the Kathmandu
Valley, which lies only c. 32 km to the south, or adufitilly also by pollutants transported
north from the Indian subcontinent. Several stubdase shown that air pollution in the
Kathmandu Valley was higher during the winter with a gratudt-up of pollutants

during the winter season in mountain areas and maxiruefslduring the pre-monsoon
and early-monsoon seasons (Shresthal 2000, Carriceet al 2003, Kondcet al 2005).
This might explain higher acidity in the Gosainkund lakeklay compared to the post-
monsoon season in November. Changes in diatom asggndaenposition with decrease
in acid sensitive species suchfahnanthidium minutissimu(iutzing) CzarneckiP. cf.
scoticumandP. subatomoideand increase in acid tolerant species sudh ab
marginulatum, Achnanthed. chlidanosHohn & Hellermann and@abellaria flocculosa
(Roth) Kutzing also suggested that acidity had increased dinengpring. Most of the

abundant species in spring assemblages were similag asslemblages of lakes in the
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Alps and Scotland (Jones al 1993, Tolotti 2001, Battarbee 2005) indicating higher
acidity. However, uncertainty about the true taxonostétus of several species common
in Gosainkund lakes and the lack of knowledge about thescalatgy hampers the
interpretation of the observed changes in these ldkese taxonomic investigations and a
larger survey including Himalayan lakes over a wider rarigeid-base status would
provide much needed information to monitor environmentalgésrelated to acid

deposition in this region.

Eutrophication has been another major environmental probftecting a large number of
aguatic ecosystems (Stevenson & Pan 1999, Hall & Smol 1888pugh eutrophication
can occur as a result of natural processes, in mast ¢as due to anthropogenic inputs of
nutrients from domestic sewage, industrial effluentscatjural runoffs and soil erosion
which result widespread negative impacts in freshwateysta (Harper 1992). Further
threats to freshwater ecosystems stem from a ranginerf pollutants from point sources
such as municipal and industrial wastewaters or fromghfsources such as urban and
agricultural runoff, mine effluents and atmospheric demrsiThey include organic
sewage, metals, pesticides or other toxic chemicalspia(M/elch & Jacoby 2004).
Responsible management using appropriate methodologiegdsamount importance to
reduce pollution and to allow the preservation of ecesystealth to ensure the provision
of adequate resources for humans and wildlife (Smol 20@Ryeker, with a rising human
population and technological growth the pollution of maeghwaters has increased and
the access to unpolluted water is increasingly diffiqdtticularly in densely populated
areas such as South Asia (Das 2005). This problem is bateeroy a still relatively low
numbers of experts in this region, poor disseminatiomoWedge and few effective
partnerships between stakeholders (Dudgeon 2003). Receattyyndihave been central to

the development of tools to monitor eutrophication indaked rivers including
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paleolimnological methods to reconstruct past changdsatevelopment of indices using
recent assemblages (Kelly & Whitton 1995, Benrebal 1996). In Nepal the pollution of
freshwaters is relatively well documented and methode baen developed to monitor
water quality of rivers using biological indicators (e.gpdd & Sharma 1996, Sharma &
Moog 1996, Sharma 1996, Juttmtral. 2003, Sharmat al 2005). Many of these studies
have focused on rivers and streams, although some rinaastigated the lakes in the
Pokhara Valley of western Nepal and lakes in the Evé&laBonal Park of eastern Nepal

(Hickel 1973b, Ferro 1978, Lami & Giussani 1998).

Although water quality in remote mountain lakes should tgelg unaffected through
direct inputs of pollutants, some such as the lakesiGtisainkund area could be
periodically affected. These lakes are important pilggensites and are visited by a large
number of people during the Janai Purnima festival in Auguss. milght lead to pollution
through the release of nutrients and sewage into thEA¥BHO 1995) and further
studies during this time of the year would be needed tosagstantial effects on aquatic

biota.

In contrast to lakes there are fewer studies on pongdte¢lseir importance as habitat for
aguatic biota (Biggst al 2004, Williamset al 2004) and threats to their ecological
quality (Pechar 2000, Ruan & Gilkes 2000, Graney & Eriksen 2004 &ad 2004). As
with lakes negative impacts of acidification and epltiocation have been demonstrated
(Denys & van Straaten 1992, van Dam & Busken 1993, Bennion 1985jebuse of
diatoms for monitoring of pond quality is still insufficidy explored (Bennion 1994,
Denys 2003). Previous studies on pond diatoms showed thahhgtigcentrations, pH

and salinity were the most important factors (Bennion 1B®bertset al 2001, Limet al
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2001 a,b), but aguatic vegetation and substrate charasxgolayed a role in some Arctic

ponds (Douglas & Smol 1995).

In Nepal ponds in Koshi Tappu and in the Kathmandu Vallelilkely to be affected by
agriculture in their catchments, and in the Kathmandueyallso by urban pollution and
industrial emissions. In addition, habitat degradation edhe to intensive use or
inappropriate management might further impair the eccdogjuality of these ecosystems.
Despite their location close to farmland and in dengepulated areas nutrient
concentrations in the Kathmandu Valley ponds were notdridielow the detection limit
(<0.05mg/L) and were unrelated to changes in diatom asagenbbmposition. This might
be due to rapid uptake of nutrients by terrestrial or agpktits such as algae blooms,
which occurred in some of the ponds, resulting in lowlewef available nutrients in the
water. However, diatoms were related to other chemgi@ients such as concentrations in
Na, Cl, K, Al, Ni and As suggesting the influence of agtimd, surface run-off, dust and
air-pollution from industry and traffic (Carricet al 2003, Juttneet al 2003, Shrestha
2003). Pollution indicator species suchEadimna (Navicula) miniméGrunow) Lange-
Bertalot,Nitzschia palegKutzing) W. Smith andsomphonema parvuluiitzing were
characteristic at impacted sites. Diatom assemblalgesndicated differences in habitat
character with respect to the presence of aquatic macesplsytbstrate character in the
pond and on the banks as well as the land use. Similatlye Koshi Tappu ponds
diatoms responded to changes in water chemistry which mest likely the result of
agricultural land use in the catchments and habitat diesistecs such as land use,
substrate type and the presence of aquatic macrophytes. ahabaistry differed between
the surface and the interstitial water in the Koshpptaponds with higher concentrations
of most ions in the latter. Concentrations of Ca, Mg and Sr were strongly related to

variation in epiphytic and epipelic diatom assemblageé SQ, Si and PQwere also
139



significant to cause variation in epipelic assemblabi@gher concentration of S@ the
surface water were indicated Bytzschia paledKutzing) W. Smith andNitzschia
amphibiaGrunow, and higher concentrations of Si and iRGhe interstitial water by
Diadesmis confervacdtiitzing, Encyonema silesiacu(Bleisch in Rabenhorst) D.G.
Mann, N. cf. minimaGrunow andsomphonematf. affine Kiitzing. The most characteristic
species indicating differences in chemical conditioffeidid between the epiphytic and
epipelic assemblages. For example in the epiph@mmphonema angustatuidiitzing)
RabenhorstG. cf. affing N. amphibiaandSynedra ulnas. acusEhrenberg were typical of
high concentrations of Ca, Mg and Sr in the surfacenvathile Achnanthes exigua
Grunow was typical to the sites with higher Ca andddgcentrations in the interstitial

water.

In Koshi Tappu and in the Kathmandu Valley assemblagesdiffenent substrates
reflected the same gradients in environmental conditibosglas & Smol (1995) reported
that epilithic, epiphytic and epipelic assemblages eyuvallected a gradient in alkalinity
and Limet al (2001a) found that assemblages from these microhabifl@sted gradients
in total N, P, pH, Fe and temperature. Although the uspitthic assemblages is
recommended for monitoring rivers (Keby al 1998) others have shown that different
substrates might be preferable in monitoring standingre/éBtancoet al 2004,
Poulikovaet al 2004). Despite the preferential use of one particulbitadtafor
monitoring purpose, ponds often lack of a consistentfgerticular substrates for
sampling. This study showed that providing the assemblagaddifterent substrates
respond in similar ways to environmental conditionssihaultaneous use of different

substrates is possible and allows the inclusion ofgefarumber of pond types.

140



5.4 Implications for the future

Recent environmental change in Nepal such as air poljugnicultural intensification,
urbanisation, industrialisation, habitat degradation (Tigajdéeber 1995, Karn & Harada
2001, Shrestha 2003, Gautatral 2004, Merzt al. 2004) and widespread damage to
ecosystems (Chaudhary 19@®mands a rapid increase of fundamental knowledge in
biodiversity. Efforts should focus particularly on organgmups such as diatoms, which
have proven to be sensitive indicators of environmenti@h in aquatic ecosystems that
also affect a wide range of other biota (Stoermer &ISI899). The present study is the
first systematic investigation of diatoms in standiragevs of Nepal. Observation of a
sizable proportion of the flora with taxonomic unceritgiemphasises the need of further
taxonomic work to allow a comprehensive assessmenatdrdibiodiversity in lakes and
ponds of this region. Other diatom studies in Nepalesarsis have found a number of
new species particularly in central and eastern patteaountry with base-poor geology
(Juttneret al 2004). Some of these species occupied very specifitatebnd might be
particularly useful to monitor environmental change (&itet al 2000). Many species in
the investigated lakes and ponds responded to changes in envitaintoeditions, but
their true taxonomic identity remained often uncleduer&fore comparative taxonomic
studies including species of uncertain taxonomic status ther geographical areas
could clarify their taxonomy as well as establish egmlal preferences and thus aid the

use of these species as bioindicators.

Using benthic diatoms from a range of microhabitafsoinds and lakes in three eco-
regions of Nepal has suggested that they are sensitlieators of environmental change
resulting from the intensification of agriculture, giow industrialisation and urbanisation.

This includes changes in chemical conditions and hathtatacter of the aquatic
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environment and the immediate surroundings. These chargylisedy to accelerate with
increasing pressure on water resources particularly in lyggaulated areas such as the
Middle Hills, the lowlands and in urban areas. Demamelsiging to meet water supply for
consumption, irrigation and industries (Yogacharya 1996sBh1999). At the same time
uncontrolled release of waste, increased use of agroichls, land use change, lack of
management and watershed degradation leads to the detenar disappearance of
natural and artificial aquatic ecosystems (Devkota & Neaed®94, Palikhe 1999,

Pradhan 2000). Major urban rivers and the large lakes iAdkbkara Valley are polluted
(ENPHO 1996, 1998), while information on other standing waoéies is patchy. The
development of methods using biological indicators to roomitological quality in

standing waters of Nepal would be urgently needed to agsassurrent status and
monitor future change. Further large scale diatom surivetye high altitude, middle hills
and low land areas of Nepal including a larger number eklakd ponds of these areas,
covering a wider geography are required to establish andidédabase with precise
taxonomic identification and auto-ecological inforroati These data could then be used to
develop monitoring methods such as indices or preditiivs to assess present ecological
status and deviation from reference conditions. This wioeld valuable contribution to

better environmental management and conservation ofiageatsystems in Nepal.
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6. Summary

Diatoms were collected from different microhabita$igh altitude lakes of
Gosainkunda, Langtang National Park, in ponds and smadl tafkée Kathmandu

Valley in the Middle Hills, and in lowland ponds of Kodlappu, Nepal.

Temperature, conductivity and pH were measured at the gamand water samples
taken for the analysis of major cations and anionse\\&tmples were taken from the
surface water in Gosainkunda and the Kathmandu Valley,sshd from the surface and
the interstitial water in Koshi Tappu. Habitat surveysensdso conducted to assess the
character of the lakes and ponds with respect to stiestpes and aquatic vegetation,
of the banks with respect to substrate types, bank pesfdevegetation, and to assess

land use in the immediate catchments.

Diatom diversity and assemblage composition differedifsagntly between the high
altitude, the middle hills, and the lowland lakes and poeflsating contrasting
environmental conditions. Species richness was highest ds@ond lakes of the
Kathmandu Valley, where 213 species were found, in contrdsit9 species in the
Koshi Tappu ponds and 77 species in the high altitude lakesubhieers of genera
found in the different areas were similar and varigavben 23 and 29. However, the
most species rich genera varied. In the Gosainkund Rdt@santhesensu lato,
EunotiaandNaviculasensu lato were the most species rich genera, indttert@ndu
Valley they includedNaviculaandGomphonemaand in Koshi TappGomphonema
NaviculaandNitzschia Although cosmopolitan taxa were common in all traesas,
species whose taxonomic identity could not be ascedaionsulting published floras
varied from 29 % — 51 % showing the possibility of many sseiti these lakes and

ponds to have regionally restricted distribution.
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Species with preferences for a particular habitat eened in all areas. Assemblages
differed significantly between microhabitats in Gosairdainwhere many species living
on sand grains were typical in the epipsammon, and ihik@ppu and the Kathmandu
Valley, where many motile species characterised theetpi. However, differences in
assemblage composition between microhabitats werdesnmathe Kathmandu Valley.
In Koshi Tappu and the Kathmandu Valley species richnesdiaacsity were highest

in the epipelon, but in Gosainkunda species richnegstsitiy and evenness were

higher in the epilithon than in the epipelon.

Changes in diatom assemblage composition reflected gradhectiemical and habitat
character. In the Gosainkund lakes assemblages diffieteveen autumn 2000 and
spring 2003. Acid-tolerant taxa suchRsammothidiuncf. marginulatum(Grunow)
Bukhtiyarova & Round andabellaria flocculosgRoth) Kitzing were abundant during
spring and acid-sensitive taxa suchiPaammothidium subatomoid@sustedt)
Bukhtiyarova & Round anBsammothidiunef. scoticum(Flower & Jones)
Bukhtiyarova & Round were abundant during autumn. This rteftechanges in acidity

between the seasons, which might have resulted froimsatheric deposition.

In the Kathmandu Valley assemblages reflected gradiemiater chemistry and habitat
character with respect to aquatic vegetation, substoagosition, bank character and
land use Achnanthidium minutissimu(Kutzing) Czarnecki was typical at sites with
higher Ca concentrations. Pollution tolerant taxa stsstfolimna (Navicula) minima
(Grunow) Lange-Bertalot\itzschia palegKutzing) W. Smith andsomphonema
parvulumKutzing were abundant at sites with higher conceotnatof K, Cl, Na, As,

Ni, Fe and Al and probably indicated influences from aditice, urban run-off and

atmospheric deposition.
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In Koshi Tappu assemblage composition of epiphytic diatefifescted gradients in
water chemistry and land use with respect to pond vegetatid substratum type, bank
profile and land use, which indicated influence of agnizeltin the catchments.
Epiphytic and epipelic assemblages responded to chemica¢gisth the surface
water, particularly concentrations of Ca, Mg, Sr ardNt epipelic diatoms also
indicated gradients in SO4. Epiphytic species typical dtdnifla concentrations
includedGomphoneméagenulaKuitzing, Nitzschiacf. incognitaKrasske,
Gomphonemaugur Ehrenberg antllaviculacf. minimaGrunow.Gomphonema
angustatun{Kutzing) RabenhorsGGomphonematf. affine Kitzing, Nitzschiaamphibia
Grunow andSynedraulna v. acusEhrenberg indicated higher concentrations of Ca, Mg
and Sr. Epipelic diatoms were also sensitive to int@isiater chemistry variations.
Diadesmisconfervace&itzing, Encyonemailesiacum(Bleisch in Rabenhorst) D.G.
Mann,N. cf. minimaandG. cf. affinewere abundant towards sites with higher
concentration of PO4 and Si aAdhnanthegxiguaGrunow was characteristic towards

sites with high Ca and Mg concentrations.

Studies of benthic diatoms from a range of microhabitap®nds and lakes in the three
eco-regions of Nepal have revealed that diatoms areigenadicators of
environmental change resulting from the intensificatibagviculture, industrialisation
and urbanisation. These changes are likely to accelsitiiténcreasing pressure on
water resources. Additional surveys of a larger nurobkes and ponds over a wider
geographical area could lead to the establishment of a dddtabase and the
development of monitoring methods for the assessmenesént ecological status,

better environmental management and conservationrafistawaters in Nepal.
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Zusammenfassung

Kieselalgen wurden in verschiedenen Mikrohabitaten vorhbielirgsseen in der
Region von Gosainkunda, Langtang National Park, in Beicind kleinen Seen des
Kathmandu Tales im mittleren Bergland, und in TeicherRigyion von Koshi Tappu

im nepalesischen Tiefland untersucht.

Temperatur, Leitfahigkeit und pH wurden vor Ort gemessen uass@/proben flr die
chemische Analyse von Kationen und Anionen entnomme@obkainkunda und im
Kathmandu Tal wurden Proben des Oberflachenwassers, ursim Rappu wurden
Proben des Oberflachen- und des Interstitialwassers geaonGleichzeitig wurde
eine Untersuchung des Habitatcharakters der Seen und Dbeiziiglich der
Substratbeschaffenheit und der Gewasservegetation, sawidedregion beztiglich der
Substratzusammensetzung, des Uferprofils, der terresmisdgetation und der

Landnutzung in unmittelbarer Umgebung durchgefihrt.

Die Diversitat und Artenzusammensetzung der Kieselalgen aend¢birgsseen, sowie
der Teiche und Seen des mittleren Berglands und ddaridsfunterschieden sich
deutlich entsprechend der unterschiedlichen UmweltbedingubgemArtenreichtum
war am hdchsten in den Gewéassern des Kathmandu Tals, warteh3jefunden
wurden, im Vergleich zu 119 Arten in den Teichen von Kosippu und 77 Arten in
den Hochgebirgsseen. Die Anzahl der vorhandenen Gatturagen allen Regionen
ahnlich und variierte zwischen 23 und 29. Die artenreiclSttungen unterschieden
sich jedoch zwischen den Regionen. In den Seen vonrikasaia gehorten die meisten

Arten zuAchnanthesensu latoEunotiaundNaviculasensu lato, wahrend die
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artenreichsten Gattungen im Kathmandu Naviculaund Gomphonemaund in Koshi
TappuGomphonemaNaviculaundNitzschiawaren. Obwohl weltweit verbreitete Arten
in allen drei Gebieten haufig waren, konnten zwische®2thd 51 % nicht bis auf
Artniveau identifiziert werden, ein Hinweis darauf, dal3 vade gefundenen Taxa

moglicherweise ein eingeschranktes Verbreitungsgebietrha

Arten, die ein spezielles Habitat bevorzugten, wurdeadlen Regionen gefunden. Die
Kieselalgengemeinschaften in verschiedenen Mikrohabiteeosainkundseen
unterschieden sich deutlich voneinander und viele Arteraudi&andkornern leben,
waren typisch fur das Epipsammon. In Koshi Tappu und irhidabdu Tal waren viele
motile Arten charakteristisch fur das Epipelon. Dieadysthiede zwischen den
Gesellschaften verschiedener Mikrohabitate waren geringEathmandu Tal als in
den beiden anderen Regionen. In Koshi Tappu und im Kathmaalduafen Artenzahl
und Diversitat am héchsten im Epipelon, im GegensatRegion um Gosainkunda,

wo die Artenzahl, Diversitat und Evenness im Epilithéhdr waren als im Epipelon.

Unterschiedliche Artenzusammensetzungen der Kieselalgengechaften
reflektierten Unterschiede im chemischen und im Habitetrékter der Gewasser. In
Gosainkunda unterschieden sich die Gemeinschaften insH2000 von denen im
Frihjahr 2003. Saure tolerante Arten Weammothidiuncf. marginulatum(Grunow)
Bukhtiyarova & Round und@abellaria flocculosgRoth) Kiitzing waren haufiger im
Frihjahr und saure empfindliche Arten visammothidium subatomoidg@sustedt)
Bukhtiyarova & Round un®sammothidiunef. scoticum(Flower & Jones)
Bukhtiyarova & Round waren haufiger im Herbst. Dies sgiegeterschiedliche
Séauregehalte in Herbst und Frihjahr wieder, die durchspindsische Depositionen

bedingt sein kénnten.
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Die Kieselalgengemeinschaften des Kathmandu Tals reflekii@radienten beztglich
der Wasserchemie und des Habitat Charakters, insbesdshaterschiede in der
aquatischen Vegetation, der Substratzusammensetzung, dekt€tsader Uferregion
sowie der umgebenden LandnutzuAghnanthidium minutissimu(Kutzing)
Czarnecki war typisch in Gewéassern mit hoheren KalzZKonzentrationen.
Verschmutzungs tolerante Arten viielimna (Navicula) minim&Grunow) Lange-
Bertalot,Nitzschia palegKutzing) W. Smith undSomphonema parvulukitzing
waren haufig bei hdheren Kalium, Chlorid, Natrium, AxsHickel, Eisen und
Aluminium Konzentrationen und indizierten vermutlicmdginfluss von
Landwirtschaft, Oberflachenabfluf? in stadtischen Bergicosvie atmospharische

Depositionen von Schadstoffen.

Die Zusammensetzung der Artengemeinschaften in Koshi Tragflpltierte
wasserchemische Gradienten sowie unterschiedlichéssemwegetation,
Teichsubstrate, Profile der Uferregion und Landnutzusdralge von Landwirtschaft
in den Einzugsgebieten. Gesellschaften des Epiphytons uritpgedons reflektierten
Gradienten in der Chemie des Oberflachenwassers, orgtee Konzentrationen von
Kalzium, Magnesium, Strontium und Natrium, und Epipedasatzlich
Konzentrationen von Sulfat. Epiphytische Arten chanadtisch fir hhere Natrium
Konzentrationen ware@omphonema lagenukl&iitzing, Nitzschiacf. incognita
Krasske, Gomphonema auguhrenberg untNaviculacf. minimaGrunow.
Gomphonema angustatuikiitzing) RabenhorsGGomphonematf. affine Kitzing,
Nitzschia amphibigrunow undSynedra ulnar. acusEhrenberg indizierten hohere
Konzentrationen von Kalzium, Magnesium und Stronti@mpipelische Arten waren
auch sensitiv gegenuber chemischen Gradienten imftititdwgasser Diadesmis

confervace&ltzing, Encyonema silesiacufBleisch in Rabenhorst) D.G. Man\, cf.
163



minimaundG. cf. affinewaren typisch fur hohere Konzentrationen von Phosmhht
Silizium, und .Achnanthes exigu&runow fur h6here Konzentrationen von Kalzium

und Magnesium.

Die Kieselalgengemeinschaften verschiedener Mikrohabimat eichen und Seen aus
drei Regionen Nepals unterschiedlichen Charakters sirdigdikatoren fir
Umweltveranderungen als Folge von landwirtschaftlichersivierung,
Industrialisierung und Verstadterung. Dieser Wandel wird sicZukunft
beschleunigen mit zunehmender Beanspruchung von Wasserreslestere
Untersuchungen einer grof3eren Anzahl von Seen und Telidlez einen
ausgedehnteren geographischen Raum kdnnte zur Erstellung eiteen&ndatenbank
fihren, sowie zur Entwicklung von Methoden fur die Geseditiberwachung und deren
Okologischer Bewertung, und damit letztlich zu bessererwéltmanagement und

Schutz stehender Gewasser in Nepal.
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Appendix: common diatom species

Index of common or abundant diatom species

Kathmandu Valley

Achnanthes inflatéKutzing) Grunow

Achnanthes subhudsorisistedt

Achnanthidium minutissimu(Kutzing) Czarnecki
Achnanthidium saprophilurfKobayasi & Mayama) Round & Bukhtiyarova
Achnanthidiunsp.1

Aulacoseiracf. aassipunctataKrammer

Cocconeis placentulgar. euglyptaEhrenberg
Cyclostephanosf. invisitatus(Hohn & Hellerman) Theriot, Stoermer & Hakansson
Cyclotella atomugiustedt

Cyclotellacf. bodanicavar.lemanicaO. Muller
Cyclotella ocellataPantocsek

Cyclotellasp.1

Cymbellacf. subleptocero&rammer

Diadesmiscf. confervace&itzing

Diploneiscf. boldtianaCleve

Eolimna (Navicula) minim@Grunow) Lange-Bertalot
Epithemia soreXutzing

Eunotia bilunaris(Ehrenberg) Mills

Fragilaria capucinavar.1

Fragilaria nananalLange-Bertalot

Gomphonemaf. angustatun{Kitzing) Rabenhorst
Gomphonemaf. angustatunvar.1

Gomphonemaf. angustatunvar.2

Gomphonema lagenul@utzing) Frenguelli
Gomphonemaf. minutum(C.Agardh) C.Agardh
Gomphonema parvulukitzing

Gomphonemaf. pseudoaugutange-Bertalot
Gomphonemaf. rhombicumFricke

Navicula cryptocephal&utzing

Naviculacf. fracta Hustedt



Appendix: common diatom species

Navicula heimansioidelsange-Bertalot

Navicula microcariLange-Bertalot

Navicula subminuscul®anguin

Navicula venet&itzing

Naviculasp.1

Nitzschia gracilisHantzsch

Nitzschia palegKutzing) W.Smith

Nitzschia paleaf. var.debilis (Kutzing) Grunow
Nitzschia sinuatavar. delognei(Grunow) Lange-Bertalot
Nitzschia sinuataar.tabellaria (Grunow) Grunow
Planothidium lanceolaturBrébisson) Round & Bukhtiyarova
Pseudostaurosira brevistriat@runow) Williams & Round
Sellaphora seminulurfGrunow) D.G. Mann

Staurosira construenShrenberg varventerHustedt
Staurosira construengar.1

Staurosiract. elliptica (Schumann) Williams & Round
Staurosirella pinnatgdEhrenberg) Williams & Round

Surirella cf. roba Leclercq

Koshi Tappu

Achnanthes exigu&runow

Achnanthes hungaricgGrunow) Grunow
Achnanthidium minutissimu(Kutzing) Czarnecki
Adlafia bryophila(Petersen) Lange-Bertalot
Amphora libyceEhrenberg

Amphora montan&rasske

Amphora venet&utzing

Anomoeoneis vitre@Grunow) Ross

Caloneis bacillum{Grunow) Cleve

Craticula cf. accomodiformid.ange-Bertalot
Craticula cuspidatgKutzing) D.G. Mann
Craticula halopannonicdange-Bertalot
Diadesmis confervacdéiitzing

Encyonema silesiacufBleisch in Rabenhorst) D.G. Mann



Appendix: common diatom species

Epithemia soreXutzing

Eunotia bilunaris(Ehrenberg) Mills
Eunotia minor(Kutzing) Grunow
Eunotiasp.1

Fragilaria cf. bidensHeiberg
Fragilaria cf. tenera(W. Smith) Lange-Bertalot
Gomphonemarf. affine Kiitzing
Gomphonema angustatuikitzing) Rabenhorst
Gomphonema auglhrenberg
Gomphonemaf. clavatulumReichardt
Gomphonema gracilEhrenberg
Gomphonema lagenul@utzing) Frenguelli
Gomphonema paludosuReichardt
Gomphonema parvulukitzing
Naviculacf. antonii Lange-Bertalot
Navicula cariEhrenberg

Navicula cryptocephal&utzing
Navicula exilisKitzing

Navicula germainiWallace

Navicula hustedtiKrasske

Navicula minimaGrunow

Naviculacf. minimaGrunow

Navicula perminutaGrunow

Navicula trivialisLange-Bertalot
Navicula variostriataKrasske
Navicula viridula(Kutzing) Ehrenberg
Nitzschia amphibi&runow

Nitzschia dissipatéKitzing) Grunow
Nitzschiacf. incognitaKrasske
Nitzschia linearigAgardh) W. Smith
Nitzschia palegKutzing) W.Smith
Nitzschia subaciculariglustedt
Placoneis clementi&runow) E.J. Cox
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Pinnularia subcapitatar. subrostrataKrammer
Rhopalodia gibbgEhrenberg) O. Miller

Sellaphora pupuldKitzing) Mereschkowsky
SynedraFragilaria) ulnav. acus(Kitzing) Lange-Bertalot
Synedracf. ulna (Nitzsch) Ehrenberg

Gosainkunda

Achnanthegf. chlidanosHohn & Hellermann

Achnanthes distinct®essikommer

Achnanthef. linearis (W. Smith) Grunow

Achnanthesp.2

Achnanthidium minutissimu(iutzing) Czarnecki
Anomoeoneis brachysii@rébisson) Grunow

Aulacoseiract. alpigena(Grunow) Krammer

Aulacoseirasp.1

Diatoma mesodo(Ehrenberg) Kiitzing

Encyonema minutuifiHilse in Rabenhorst) D.G. Mann
Eunotia bilunaris(Ehrenberg) Mills

Eunotia muscicolaar.tridentula Norpel & Lange-Bertalot
Eunotia nymannian&runow

Eunotiasp.1

Fragilaria cf. delicatissimaW. Smith) Lange-Bertalot
Fragilaria exiguaGrunow

Naviculacf. digitulus Hustedt

Psammothidium bioret({Germain) Bukhtiyarova & Round
Psammothidiuncf. marginulatum(Grunow) Bukhtiyarova & Round
Psammothidiuncf. scoticum(Flower & Jones) Bukhtiyarova & Round
Psammothidium subatomoid@sustedt) Bukhtiyarova & Round
Pseudostaurosira brevistriat@grunow) Williams & Round
Staurosiracf. construen€Ehrenberg vawventerHustedt
Staurosirellacf. pinnata(Ehrenberg) Williams & Round
“Nepalia gosainkundens$isnanuscript name

Opephora olseniMdller

Tabellaria flocculosgRoth) Kiitzing




Appendix: % abundance of diatoms from Kathmandu Valley ponds

Kathmandu Valley: relative abundances
Plsed Plsto Plmac P2wal P3wal P4wal P5sed P5mac Pé6sto

Achnspl 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0
Achnsubh 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0
Achnexig 15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Achninfl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhelv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 0.0 0.0 0.0 1.2 0.0 0.0 0.6 0.0 0.0
Planlanc 1.0 0.0 0.2 0.4 0.0 0.0 0.2 0.0 0.0
Achnminu 29.9 14.1 65.3 0.4 590.1 11 11 10.0 0.2
Achnsapr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnrupe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnsiam 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnunda 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphpell 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphmont 1.0 0.8 0.0 3.0 0.0 0.0 0.0 0.4 0.0
Amphvene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aulacfer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aulaital 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 0.0
Coccpleu 0.0 0.0 0.0 0.0 14 0.5 2.4 1.8 0.0
Cyclatom 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.4
Cyclcfbl 0.0 0.0 0.0 0.0 0.0 0.0 32.3 0.0 0.0
Cyclocce 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.1 0.0
Cycscfin 0.0 0.0 0.0 0.0 0.0 13.2 0.0 0.0 1.8
Cymbcfsu 1.7 0.0 15 0.0 9.9 1.8 0.2 0.0 0.0
Cymbparv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cymbsp2 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0
Diatmeso 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diplcfbo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encskram 0.0 0.0 0.0 0.0 3.1 0.0 0.0 0.0 0.0
Encssubm 0.0 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0
Cymbspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encyminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.0 0.0 0.0 0.0 63.5 0.0 0.0 0.0
Eunobilu 0.2 0.0 0.2 0.0 0.0 0.0 4.0 5.9 0.0
Eunocfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11 0.0
Fragbrev 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fragcagr 1.2 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Fragcavl 14.9 3.1 16.8 0.0 0.0 0.2 0.0 0.0 0.0
Staucove 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucovl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucoco 0.0 0.0 0.0 0.0 0.0 2.3 0.0 0.4 0.0
Staucov2 0.0 0.0 0.0 0.0 0.0 0.0 1.8 0.0 0.0
Fragcfel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fragnana 37.4 70.7 12.1 0.0 0.0 0.0 0.0 0.0 0.9
Staspinn 0.9 0.7 0.0 1.0 0.6 8.0 2.4 0.7 0.0
Fragulna 0.2 2.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Gompacum 0.2 0.0 0.4 0.0 0.0 0.0 0.3 0.0 0.0
Gompafaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompaugu 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcav3 0.7 0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfps 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 24.0
Gompcfan 0.2 0.0 0.0 0.0 0.0 0.0 1.6 26.2 0.0
Gompcavl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.4 0.0
Gompcav2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.7 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0
Gompminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompparv 0.0 0.0 0.0 0.0 0.0 0.0 12.1 0.0 0.2
Gomplage 0.0 0.0 0.0 0.8 0.0 0.0 7.6 4.4 0.0
Gompcfgr 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomppseu 0.5 0.0 0.0 1.0 0.0 0.0 2.7 3.7 0.0

Gomppsph 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of diatoms from Kathmandu Valley ponds

Kathmandu Valley: relative abundances
Plsed Plsto Plmac P2wal P3wal P4wal P5sed P5mac Pé6sto

Gompcfrh 0.0 0.0 0.0 0.0 0.4 0.0 2.6 1.8 0.0
Gompcfst 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfsu 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.4 0.0
Gomptrun 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlamusc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlaspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diadcfco 0.0 0.0 0.0 0.0 0.0 0.0 9.2 0.0 0.0
Navicryp 0.0 0.0 0.0 0.0 0.0 0.0 5.3 0.7 0.4
Naviexil 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
Navicffr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviheim 1.7 0.2 0.6 0.0 0.0 0.0 0.0 0.7 0.0
Navilund 0.9 15 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 10.1 0.0 0.0 0.0 42.8
Navimini 0.3 0.8 0.0 2.4 0.0 0.0 0.0 0.4 5.1
Navinoth 0.2 0.0 0.0 0.0 14 0.0 0.0 0.0 0.0
Naviobte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sellpupu 0.0 0.0 0.0 0.0 0.0 0.0 0.8 11 0.0
Naviscut 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0
Sellsemi 0.0 0.0 0.0 2.4 0.0 0.0 0.0 0.0 0.5
Navisubm 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 2.2
Navicftr 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0
Navivene 0.0 0.0 0.0 8.5 0.0 0.0 0.0 0.0 0.5
NaviL16w 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NaviL9se 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzamph 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.9
Nitzdiss 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0
Nitzgrac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfla 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzpavl 0.0 2.2 0.0 2.0 0.0 0.0 1.9 2.6 0.0
Nitzpale 1.4 0.0 0.0 6.1 0.0 3.2 13 2.2 3.3
Nitzpalc 0.0 2.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0
Nitzrect 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzside 0.2 0.0 0.0 70.7 0.4 0.0 0.0 0.0 9.3
Nitzsita 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0
PinnL5se 0.0 0.0 0.0 0.0 0.0 0.0 2.9 0.0 0.0

Suricfro 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of diatoms from Kathmandu Valley ponds

Kathmandu Valley: relative abundances
P7sed P7mac P8wal P9sed P9mac P10sto Pllwal Pllmac Pl1l2sed P12sto

Achnspl 0.0 0.0 44.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnsubh 0.0 2.1 0.0 3.1 0.0 0.7 0.0 0.0 4.0 15.3
Achnexig 0.0 0.0 0.0 0.2 0.0 0.0 0.2 0.0 0.3 0.0
Achninfl 0.0 0.0 0.0 0.0 0.0 0.0 12.7 0.0 0.0 0.0
Achnhelv 0.0 0.0 0.0 14 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 3.3 6.2
Achnminu 51.6 71.3 34.2 18.3 66.0 34.0 0.0 0.0 27.8 14.3
Achnsapr 7.7 2.9 0.0 0.0 3.9 0.0 0.0 0.0 0.0 0.0
Achnrupe 0.0 0.0 0.0 1.0 1.3 0.0 0.0 0.0 0.7 1.8
Achnsiam 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6 1.0
Achnunda 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 3.2
Amphpell 1.2 0.2 0.0 14 0.2 0.0 0.0 0.0 0.0 0.0
Amphmont 0.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphvene 0.0 0.0 0.0 0.0 0.0 13 0.0 0.0 0.0 0.0
Aulacfer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aulaital 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coccpleu 0.0 0.4 0.0 4.2 16.1 0.0 0.0 0.0 0.2 0.2
Cyclatom 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclcfbl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclocce 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cyclspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cycscfin 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cymbcfsu 11.9 9.3 0.3 5.8 4.8 0.0 0.0 0.0 0.0 0.2
Cymbparv 3.3 2.5 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
Cymbsp2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diatmeso 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.2
Diplcfbo 0.0 0.0 0.0 25.9 0.0 0.0 0.0 0.0 0.0 0.0
Encskram 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encssubm 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cymbspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encyminu 15 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.2
Epitsore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunobilu 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.2 0.2 0.2
Eunocfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fragbrev 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fragcagr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fragcavl 0.0 0.0 0.0 0.2 0.0 0.1 0.0 0.0 0.3 0.0
Staucove 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Staucovl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucoco 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Staucov2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fragcfel 0.0 0.0 0.0 0.0 0.0 0.0 41.0 26.4 0.0 4.5
Fragnana 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staspinn 1.8 0.5 0.0 21 1.3 0.1 0.0 0.0 0.0 0.0
Fragulna 0.3 0.0 0.0 0.0 0.2 0.1 0.0 0.6 0.0 0.0
Gompacum 0.3 11 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Gompafaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompaugu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcav3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfps 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcavl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcav2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.6 0.0
Gompminu 0.0 0.0 11.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompparv 0.3 0.4 0.0 0.2 0.0 16.6 0.2 1.8 0.5 1.8
Gomplage 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfgr 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
Gomppseu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Gomppsph 1.5 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of diatoms from Kathmandu Valley ponds

Kathmandu Valley: relative abundances
P7sed P7mac P8wal P9sed P9mac P10sto Pllwal Pllmac Pl2sed P12sto

Gompcfrh 0.0 0.0 11 0.0 0.4 0.0 0.0 0.0 4.5 4.9
Gompcfst 0.0 0.0 3.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfsu 0.0 0.0 0.0 1.0 11 0.3 0.0 0.0 0.0 0.0
Gomptrun 3.0 14 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0
Gompspl 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlamusc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.7
Adlaspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diadcfco 0.0 0.0 0.0 0.0 0.0 0.0 41.0 65.5 0.2 0.7
Navicryp 6.2 1.6 0.0 0.0 2.0 0.1 0.4 0.0 3.5 0.2
Naviexil 15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicffr 0.0 0.0 0.0 6.2 0.0 0.0 0.0 0.0 0.0 0.0
Naviheim 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.6 4.5
Navilund 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimini 0.6 0.9 0.0 2.9 13 3.8 0.0 0.9 6.6 29.0
Navinoth 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2
Naviobte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0
Sellpupu 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.0
Naviscut 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sellsemi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Navisubm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicftr 0.0 0.0 0.0 2.9 0.0 0.0 0.0 0.0 0.0 0.0
Navivene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NaviL16w 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NaviL9se 0.0 0.0 0.0 7.1 0.0 0.0 0.0 0.0 0.0 0.0
Nitzamph 0.0 0.0 0.0 0.6 0.0 1.0 0.2 2.4 0.0 0.0
Nitzdiss 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 4.3 0.5
Nitzgrac 0.0 0.0 0.0 0.0 0.0 12.3 0.0 0.0 0.0 0.0
Nitzcfla 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzpavl 15 0.5 0.0 1.0 0.0 21.9 0.0 11 3.3 0.7
Nitzpale 0.0 0.2 0.0 0.2 0.2 5.6 0.2 0.0 2.5 0.2
Nitzpalc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzrect 0.0 0.0 0.0 2.9 0.0 0.0 0.0 0.0 2.5 0.0
Nitzside 0.3 0.0 0.3 1.2 0.0 0.4 0.0 0.0 0.0 0.0
Nitzsita 0.6 0.0 0.3 0.8 0.0 0.0 0.0 0.0 0.0 0.0
PinnL5se 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Suricfro 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 11.1 0.0




Appendix: % abundance of diatoms from Kathmandu Valley ponds

Kathmandu Valley: relative abundances
P13wal Pl4wal Pl5sed Pl15mac Pl6wal

Achnspl 0.0 0.0 0.0 0.0 0.0
Achnsubh 4.7 0.0 0.0 0.0 1.0
Achnexig 0.0 0.0 0.0 0.0 0.2
Achninfl 0.0 0.0 0.0 0.0 0.0
Achnhelv 0.0 0.0 0.0 0.0 0.0
Achnhung 0.0 0.0 0.0 0.0 1.0
Planlanc 11 0.0 0.0 0.2 0.0
Achnminu 2.6 88.9 0.0 4.2 59.7
Achnsapr 0.0 0.0 0.0 0.0 0.0
Achnrupe 0.0 0.0 0.0 0.0 0.0
Achnsiam 0.0 0.0 0.0 0.0 0.0
Achnunda 0.2 0.0 0.0 0.0 0.0
Amphpell 0.0 0.0 0.0 0.0 0.0
Amphmont 0.0 0.0 0.0 0.0 0.0
Amphvene 0.0 0.0 0.0 0.0 0.0
Aulacfer 0.0 0.0 10.0 0.0 0.0
Aulaital 0.0 0.0 0.0 0.0 0.0
Coccpleu 0.2 0.5 0.8 0.2 0.4
Cyclatom 0.0 0.0 0.0 0.0 0.0
Cyclcfbl 0.0 0.0 0.0 0.0 0.0
Cyclocce 0.0 0.0 14.5 0.0 0.0
Cyclspl 0.0 0.0 0.0 0.0 0.0
Cycscfin 0.0 0.0 0.0 0.0 0.0
Cymbcfsu 0.0 0.0 0.0 0.2 0.0
Cymbparv 0.0 0.0 0.0 0.0 0.2
Cymbsp2 0.0 0.0 0.0 0.0 0.0
Diatmeso 0.4 0.0 0.0 0.0 0.0
Diplcfbo 0.0 0.0 0.0 0.0 0.0
Encskram 0.0 0.0 0.0 0.0 0.0
Encssubm 0.0 0.0 0.0 0.0 0.0
Cymbspl 5.1 0.0 0.0 0.0 0.0
Encyminu 0.0 0.0 0.2 0.0 0.0
Epitsore 0.0 0.0 0.8 0.0 0.0
Eunobilu 0.0 0.0 0.0 0.0 0.0
Eunocfde 0.0 0.0 0.0 0.0 0.0
Fragbrev 0.0 0.0 18.9 0.0 0.0
Fragcagr 0.0 0.0 0.0 0.0 0.0
Fragcavl 0.6 7.3 0.0 0.0 0.2
Staucove 0.0 0.0 12.7 0.0 0.0
Staucovl 0.0 0.0 8.1 0.0 0.0
Staucoco 0.0 0.0 15 0.4 0.0
Staucov2 0.0 0.0 0.0 0.0 0.0
Fragcfel 0.0 0.0 0.0 0.0 0.0
Fragnana 0.0 0.5 0.0 0.0 0.0
Staspinn 0.0 0.0 13.7 0.8 0.4
Fragulna 0.0 0.0 0.0 0.2 0.0
Gompacum 0.0 0.0 0.0 0.0 0.0
Gompafaf 0.0 0.0 0.0 0.0 15
Gompaugu 0.0 0.0 0.0 0.0 0.0
Gompcav3 0.0 0.0 0.0 0.0 0.0
Gompcfps 0.0 0.0 0.0 0.0 0.0
Gompcfan 0.0 0.0 0.0 0.0 4.9
Gompcavl 0.0 0.0 0.0 0.0 0.0
Gompcav2 0.0 0.0 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0
Gompminu 0.0 0.0 0.0 0.0 0.0
Gompparv 0.2 0.0 0.0 0.0 0.0
Gomplage 0.0 0.0 0.0 4.4 2.9
Gompcfgr 0.0 0.0 0.0 0.0 0.0
Gomppseu 0.0 0.0 0.0 0.0 0.0

Gomppsph 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of diatoms from Kathmandu Valley ponds

Kathmandu Valley: relative abundances
P13wal Pl4wal Pl5sed Pl15mac Pl6wal

Gompcfrh 0.0 0.0 0.0 0.4 0.0
Gompcfst 0.0 0.0 0.0 0.0 0.0
Gompcfsu 0.0 0.0 0.0 0.0 0.0
Gomptrun 0.0 0.0 0.0 0.0 0.0
Gompspl 0.0 0.0 0.0 0.0 0.0
Adlamusc 0.6 0.0 0.0 0.0 0.0
Adlaspl 1.9 0.0 0.0 0.0 0.0
Diadcfco 0.0 0.0 0.2 0.0 0.0
Navicryp 0.0 0.0 0.0 0.4 2.1
Naviexil 0.0 0.0 0.0 0.0 0.0
Navicffr 0.0 0.0 0.0 0.0 0.0
Naviheim 65.0 0.0 0.0 0.0 0.0
Navilund 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0
Navimini 8.2 0.0 0.0 0.0 16.3
Navinoth 2.8 0.0 0.0 0.0 0.0
Naviobte 24 0.0 0.0 0.0 0.0
Sellpupu 0.0 0.0 0.0 0.0 0.0
Naviscut 0.0 0.0 1.9 0.2 0.0
Sellsemi 0.2 0.0 0.0 50.8 0.2
Navisubm 0.0 0.0 0.0 6.0 0.0
Navicftr 0.0 0.0 0.0 0.0 0.0
Navivene 0.0 0.0 0.0 0.0 0.0
NaviL16w 0.0 0.0 0.0 0.0 2.9
NaviL9se 0.0 0.0 0.0 0.0 0.0
Nitzamph 0.0 0.0 0.0 0.0 25
Nitzdiss 0.2 0.0 0.0 1.6 0.0
Nitzgrac 0.0 0.0 0.0 0.0 0.0
Nitzcfla 0.7 0.0 25 0.0 0.0
Nitzpavl 0.0 0.0 8.7 23.2 2.7
Nitzpale 0.9 0.0 3.9 2.6 0.6
Nitzpalc 0.0 0.0 0.0 0.0 0.0
Nitzrect 0.0 0.0 0.0 0.0 0.0
Nitzside 0.0 0.0 0.0 1.8 0.2
Nitzsita 0.0 0.0 0.0 0.0 0.0
PinnL5se 0.0 0.0 0.0 0.0 0.0

Suricfro 0.0 0.0 0.0 0.0 0.0




Appendix: Kathmandu Valley, species code

Kathmandu Valley: species codes

Achnspl = Achnanthidium sp.1
Achnsubh = Achnanthes subhudsonis
Achnexig = Achnanthes exigua

Achninfl = Achnanthes inflata

Achnhelv = Achnanthes helvetica
Achnhung = Achnanthes hungarica
Planlanc = Planothidium lanceolatum
Achnminu = Achnanthidium minutissimum
Achnsapr = Achnanthidium saprophilum
Achnrupe = Achnanthes rupestoides
Achnsiam = Achnanthes siamlinearis
Achnunda = Achnanthes undata
Amphpell = Amphipleura pellucida
Amphmont = Amphora montana
Amphvene = Amphora veneta

Aulacfcr = Aulacoseira cf. crassipunctata
Aulaital = Aulacoseira italica

Coccpleu = Cocconeis placentula v. euglypta
Cyclatom = Cyclotella atomus

Cyclcfbl = Cyclotella cf. bodanica v. lemanica
Cyclocce = Cyclotella occelata

Cyclspl = Cyclotella sp.1

Cycscfin = Cyclostephanos cf. invisitatus
Cymbcfsu = Cymbella cf. subleptoceros
Cymbparv = Cymbella parviformis
Cymbsp2 = Cymbella sp.2

Diatmeso = Diatoma mesodon

Diplcfbo = Diploneis cf. boldtiana
Encskram = Encyonopsis krammeri
Encssubm = Encyonopsis subminuta
Cymbspl = Cymbella sp.1

Encyminu = Encyonema minutum
Epitsore = Epithemia sorex

Eunobilu = Eunotia bilunaris

Eunocfde = Eunotia cf. denticulata
Fragbrev = Pseudostaurosira brevistriata
Fragcagr = Fragilaria capucina v. gracilis
Fragcavl = Fragilaria capucina v.1
Staucove = Stauroneis construens v. venter
Staucovl = Stauroneis construens v.1
Staucoco = Stauroneis construens f, construens
Staucov2 = Stauroneis construens v.2
Fragcfel = Fragilaria cf. elliptica
Fragnana = Fragilaria nanana

Staspinn = Staurosirella pinnata

Fragulna = Fragilaria ulna

Gompacum = Gomphonema acuminatum
Gompafaf = Gomphonema affine v. affine
Gompaugu = Gomphonema augur

Gompcav3 = Gomphonema cf. angustatum v.3
Gompcfps = Gomphonema cf. pseudoaugur
Gompcfan = Gomphonema cf. angustatum
Gompcavl = Gomphonema cf. angustatum v.1
Gompcav2 = Gomphonema cf. angustatum v.2
Gompcfmi = Gomphonema cf. minutum
Gompminu = Gomphonema minutum
Gompparv = Gomphonema parvulum
Gomplage = Gomphonema lagenula
Gompcfgr = Gomphonema cf. gracile
Gomppseu = Gomphonema pseudoaugur
Gomppsph = Gomphonema pseudophaerophorum
Gompcfrh = Gomphonema cf. rhombicum
Gompcfst = Gomphonema cf. stauroneiforme
Gompcfsu = Gomphonema cf. subclavatulum
Gomptrun = Gomphonema truncatum
Gompspl = Gomphonema sp.1

Adlamusc = Adlafia muscicola

Adlaspl = Adlafia sp.1

Diadcfco = Diadesmis cf. confervacea
Navicryp = Navicula cryptocephala

Naviexil = Navicula exilis

Navicffr = Navicula cf. fracta

Naviheim = Navicula heimansioides

Navilund = Navicula lundii

Navimicr = Navicula microcari

Navimini = Eolimna minima

Navinoth = Navicula notha

Naviobte = Navicula obtecta

Sellpupu = Sellaphora pupula

Naviscut = Navicula scutelloides

Sellsemi = Sellaphora seminulum

Navisubm = Navicula subminuscula

Navicftr = Navicula cf. trivialis

Navivene = Navicula veneta

NaviL16w = Navicula sp.L16 wall

NaviL9se = Navicula sp.L9sed

Nitzamph = Nitzschia amphibia

Nitzdiss = Nitzschia dissipata

Nitzgrac = Nitzschia gracilis

Nitzcfla = Nitzschia cf. lacuum

Nitzpavl = Nitzschia palea v.1 (cf. v. debilis)
Nitzpale = Nitzschia palea

Nitzpalc = Nitzschia paleacea

Nitzrect = Nitzschia recta

Nitzside = Nitzschia sinuata v. delognei
Nitzsita = Nitzschia sinuata v. tabellaria
PinnL5se = Pinnularia sp.L5sed

Suricfro = Surirella cf. roba




Appendix: Kathmandu Valley, habitat character

Kathmandu Valley: habitat character
Categories: 1 = present, 2 = 30%
P1 P2 P3 P4 P5 P6 P7 P8

Pond dimensions

Length (m) 400 30 25 35 30 200 150 20
Width (m) 300 20 15 10 5 150 30 10
Rip. Zone Width (m) 0.5 0.1 0.1 0.1 15 2 1 0.1
Bank Height (m) 2 15 0.5 0.5 0.2 15 1 1
Sustrate composition (%)

Littoral

Concrete 0 100 100 100 0 0 0 100
Boulders 0 0 0 0 0 0 0 0
Cobbles 25 0 0 0 0 30 0 0
Pebbles 25 0 0 0 0 50 0 0
Gravel 25 0 0 0 0 20 0 0
Sand 20 0 0 0 0 0 0 0
Silt,mud,earth 5 0 0 0 100 0 100 0
Riparian zone

Concrete 0 100 100 100 0 0 0 100
Boulders 0 0 0 0 0 0 0 0
Cobbles 5 0 0 0 0 10 0 0
Pebbles 15 0 0 0 0 50 0 0
Gravel 50 0 0 0 0 30 0 0
Sand 20 0 0 0 0 10 0 0
Silt,mud,earth 10 0 0 0 100 0 100 0
Bank

Concrete 0 100 100 100 0 0 0 100
Boulders 0 0 0 0 0 0 0 0
Cobbles 20 0 0 0 0 10 70 0
Pebbles 10 0 0 0 0 30 0 0
Gravel 40 0 0 0 0 20 0 0
Sand 20 0 0 0 0 20 0 0
Silt,mud,earth 10 0 0 0 100 20 30 0
Bank profile

Natural

Vertical, undercut 0 2 2 2 0 0 0 2
Vertical + toe 0 0 0 0 0 0 2 0
Steep 2 0 0 0 0 2 0 0
Composite 0 0 0 0 0 0 0 0
Gentle 0 0 0 0 2 0 0 0
Bank profile

Artificial

Resectioned 0 0 0 0 0 0 0 0
Reinforced whole 0 0 0 0 0 0 2 0
Reinforced part 0 0 0 0 0 1 0 0
Embanked 0 2 2 2 0 0 0 2
Poached 0 0 0 0 0 0 0 0




Appendix: Kathmandu Valley, habitat character

Kathmandu Valley: habitat character
Categories: 1 = present, 2 = 30%
P1 P2 P3 P4 P5 P6 P7 P8

Lake vegetation

Emerg. herbs 2 0 0 0 0 0 1 0
Emerg. reeds, sedges 0 0 0 0 0 0 0 0
Rooted floating leaves 2 0 0 0 1 0 1 0
Free floating plants 0 1 0 0 0 0 1 0
Submerged plants 2 0 0 0 0 0 0 0
Filamentous algae 2 0 0 0 2 1 1 0
Bank vegetation (%)

Bare 30 90 100 20 0 20 0 100
Short grass 40 0 0 80 50 20 30 0
Tall grass, herbs 30 10 0 0 50 20 60 0
Scrub 0 0 0 0 0 20 10 0
Trees 0 0 0 0 0 20 0 0
Trees, ass. features

Trees 8 0 5 5 0 7 5 6
Shading 0 0 0 1 0 1 0 1
Riparian roots 1 0 0 0 1 1 0 0
Underw. roots 0 0 0 0 1 1 0 0
Fallen trees 0 0 0 0 0 1 0 0
Overh. boughs 0 0 0 0 0 1 0 0
Woody debris 1 0 0 0 0 1 0 0
Land use within 100m

Urban settlement 1 2 1 1 0 1 1 1
Agriculture 1 0 0 0 0 0 1 0
Pasture 0 0 0 0 1 0 0 0
Rough grassland 0 0 0 0 1 0 1 0
Scrub 1 0 0 0 0 0 1 0
Broad leaved forest 1 0 1 1 0 1 1 1
Artificial features rip. zone

Road, path 1 2 1 1 1 1 1 1
Weir, dam 1 2 2 2 0 0 1 1
Pier 0 0 0 0 0 0 0 0
Abstraction 1 0 0 0 0 0 0 0




Appendix: Kathmandu Valley, habitat character

Kathmandu Valley: habitat character
Categories: 1 = present, 2 = 30%
P9 P10 P11 P12 P13 P14 P15 P16

Pond dimensions

Length (m) 25 250 15 400 30 200 100 200
Width (m) 15 250 15 20 10 100 100 150
Rip. Zone Width (m) 0.1 15 0.1 1 0.1 0.1 15 0.1
Bank Height (m) 0.2 15 0.5 2 0.7 0.7 15 15
Sustrate composition (%)

Littoral

Concrete 100 60 40 0 100 100 0 100
Boulders 0 0 0 20 0 0 0 0
Cobbles 0 0 10 10 0 0 0 0
Pebbles 0 30 10 10 0 0 0 0
Gravel 0 10 0 10 0 0 0 0
Sand 0 0 40 10 0 0 0 0
Silt,mud,earth 0 0 0 40 0 0 100 0
Riparian zone

Concrete 100 30 100 0 100 100 0 100
Boulders 0 0 0 0 0 0 0 0
Cobbles 0 10 0 40 0 0 0 0
Pebbles 0 40 0 20 0 0 0 0
Gravel 0 20 0 20 0 0 0 0
Sand 0 0 0 20 0 0 0 0
Silt,mud,earth 0 0 0 0 0 0 100 0
Bank

Concrete 100 100 100 0 100 100 0 100
Boulders 0 0 0 40 0 0 0 0
Cobbles 0 0 0 30 0 0 0 0
Pebbles 0 0 0 10 0 0 0 0
Gravel 0 0 0 10 0 0 0 0
Sand 0 0 0 10 0 0 0 0
Silt,mud,earth 0 0 0 0 0 0 100 0
Bank profile

Natural

Vertical, undercut 1 2 2 0 2 2 0 2
Vertical + toe 0 0 0 0 0 0 0 0
Steep 0 0 0 2 0 0 2 0
Composite 0 0 0 0 0 0 0 0
Gentle 0 0 0 0 0 0 0 0
Bank profile

Artificial

Resectioned 0 0 0 0 0 0 2 0
Reinforced whole 0 0 0 0 0 0 0 0
Reinforced part 0 0 0 0 0 0 0 0
Embanked 2 2 2 0 2 2 0 2
Poached 0 0 0 0 0 0 0 0




Appendix: Kathmandu Valley, habitat character

Kathmandu Valley: habitat character
Categories: 1 = present, 2 = 30%
P9 P10 P11 P12 P13 P14 P15 P16

Lake vegetation

Emerg. herbs 0 0 0 0 0 0 0 0
Emerg. reeds, sedges 0 0 0 0 0 0 0 0
Rooted floating leaves 0 0 0 0 0 0 2 0
Free floating plants 0 0 1 0 0 0 0 0
Submerged plants 1 0 1 0 0 0 0 0
Filamentous algae 1 0 1 0 0 0 0 0
Bank vegetation (%)

Bare 25 90 100 0 100 100 0 100
Short grass 25 0 0 0 0 0 70 0
Tall grass, herbs 25 10 0 70 0 0 20 0
Scrub 0 0 0 15 0 0 10 0
Trees 25 0 0 15 0 0 0 0
Trees, ass. features

Trees 8 1 1 8 0 0 0 1
Shading 1 0 1 1 0 0 0 0
Riparian roots 0 0 0 0 0 0 0 0
Underw. roots 0 0 0 0 0 0 2 0
Fallen trees 0 0 0 0 0 0 0 0
Overh. boughs 0 0 0 0 0 0 0 0
Woody debris 0 0 0 0 0 0 0 0
Land use within 100m

Urban settlement 0 2 2 0 2 2 1 2
Agriculture 0 0 0 1 0 0 0 0
Pasture 0 0 0 0 0 0 1 0
Rough grassland 1 0 0 1 0 0 0 0
Scrub 1 0 0 1 0 0 0 0
Broad leaved forest 2 0 0 1 0 0 0 0
Artificial features rip. zone

Road, path 1 1 1 0 0 1 1 1
Weir, dam 1 1 1 0 2 2 0 2
Pier 0 1 0 0 0 0 0 0
Abstraction 0 0 0 0 0 0 0 0




Kathmandu Valley: water chemistry
Conductivity in uS/cm, Na - Pb concentrations in mg/L

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16
pH 7.8 8.8 8.0 8.5 7.3 8.8 8.0 7.8 8.4 9.7 6.8 7.8 7.5 8.1 7.0 9.9
Cond. 241.0 333.0 228.0 191.0 269.0 360.0 222.0 221.0 195.0 200.0 402.0 23.2 22.4 152.0 679.0 134.4
Na 6.1 24.5 21 10.3 18.2 25.3 15 13 2.1 22.6 16.8 4.4 4.3 6.4 56.9 10.2
K 4.2 27.7 0.8 11 34.9 135 0.7 0.7 1.0 11.3 8.2 0.7 0.6 6.1 59.1 8.7
Mg 7.9 6.2 5.1 3.2 55 101 3.2 3.0 3.1 25 8.1 0.5 0.5 3.6 17.6 2.2
Ca 41.2 38.0 50.1 32.9 16.8 45.0 52.4 51.2 47.5 175 68.6 2.7 2.4 25.6 50.4 155
F 0.12 0.08 0.00 0.08 0.16 0.07 0.01 0.00 0.01 0.18 0.06 0.01 0.00 0.45 0.74 1.23
Cl 5.9 21.4 0.4 2.2 37.0 24.4 0.3 0.2 0.3 24.4 115 0.3 0.2 5.4 94.8 5.2
Total N 0.36 1.50 0.31 0.02 0.20 0.89 0.03 0.23 0.10 0.06 2.20 0.10 0.05 0.03 12.65 0.32
PO, 0.00 0.59 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 1.60 0.00 0.00 0.00 16.16 0.00
SO, 4.99 2.70 251 3.76 0.08 12.17 0.88 0.91 0.94 4.43 11.26 0.39 0.18 1.05 37.67 3.17
Al 0.010 0.015 0.013 0.015 0.054 0.012 0.011 0.009 0.013 0.171 0.009 0.034 0.031 0.056 0.016 0.076
Fe 0.08 0.57 0.01 0.06 1.89 0.03 0.03 0.00 0.02 0.02 0.03 0.01 0.02 0.04 0.19 0.58
Mn 0.03 0.29 0.01 0.01 0.23 0.01 0.02 0.00 0.01 0.01 0.03 0.00 0.00 0.00 0.25 0.01
Sr 0.12 0.10 0.13 0.06 0.04 0.10 0.05 0.04 0.06 0.05 0.15 0.02 0.01 0.11 0.16 0.07
Ba 0.05 0.03 0.05 0.04 0.05 0.06 0.03 0.04 0.03 0.02 0.05 0.00 0.00 0.07 0.02 0.03
Ni 1.08 1.34 0.67 0.55 2.02 0.75 0.67 0.69 0.72 2.61 241 0.23 0.19 0.78 2.71 0.86
Zn 3.75 4.01 14.68 3.93 5.58 4.38 4.24 3.38 2.73 5.25 7.46 1.28 1.32 5.29 12.06 4.18
As 0.71 0.81 0.24 0.94 1.80 0.48 0.28 0.20 0.27 1.68 1.15 0.42 0.37 0.29 2.26 111
Pb 0.05 0.20 0.08 0.06 0.79 0.09 1.72 0.07 0.04 0.23 0.11 0.05 0.05 0.18 0.14 0.68

Appendix: water chemistry, Kathmandu Valley



Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

Plmac P2mac P3mac P4mac Pbmac P6mac P7mac P8mac P9mac P10mac Pllimac
Achnexig 0.4 2.2 0.0 0.0 0.0 3.1 0.0 0.0 0.3 0.0 2.0
Achncfch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 11.7 0.0 0.0 0.0 18.8 0.0 0.8 0.5 1.0 0.0 0.0
Achncfli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achncfma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.9
Achnminu 1.9 43.5 88.0 81.7 0.0 4.7 0.6 0.0 5.6 7.0 0.5
Achnrupe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlabryo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.4
Amphliby 0.0 1.2 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphmont 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphvene 0.0 0.0 0.0 0.0 0.8 0.0 2.8 0.0 1.0 0.2 3.9
Anomvitr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calobaci 15 0.8 0.0 1.8 2.1 4.7 2.0 5.5 2.1 0.9 0.4
Calomola 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calosili 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coccplac 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcfac 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcusp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crathalo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratminu 0.0 0.0 0.0 0.0 0.0 1.6 0.2 0.7 0.0 0.0 0.0
Cratspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
Cymblata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diplspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitadna 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitcfgo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.4
Encyminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encysile 0.0 0.4 1.0 0.6 16.5 9.4 4.6 11.8 0.0 6.4 10.2
Eunobilu 2.1 2.4 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunoflex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunointe 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunomino 0.0 0.2 0.0 0.0 0.8 0.0 0.2 0.0 0.7 0.0 0.0
Eunomono 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunosilv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8
Fragcfbi 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.4
Fragcfte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfaf 0.0 6.2 0.0 1.8 1.8 1.6 3.0 20.5 2.1 7.0 5.9
Gompangu 0.0 1.4 0.0 0.0 2.8 0.0 0.6 0.2 5.6 19.1 0.7
Gompaugu 3.8 2.6 0.2 15 0.8 1.6 1.2 5.5 0.7 2.0 2.9
Gompcfat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfcl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompgrac 15.1 0.0 1.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompinsi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompmacl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfmi 25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomppalu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomplage 1.0 0.2 0.0 0.0 1.3 0.0 1.4 3.9 2.8 2.4 1.6
Gompparv 3.8 0.2 0.0 0.2 2.1 9.4 0.4 0.0 2.1 10.3 9.4
Gomppseu 0.0 2.2 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompsubt 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
Gyrospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hantelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lutimuti 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfmi 5.7 1.4 0.0 0.2 4.4 34.4 41.2 24.8 16.7 5.3 3.7
Navisp61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviarct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navirost 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0

Navibrem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

Plmac P2mac P3mac P4mac P5mac  P6mac P7mac P8mac P9mac P10mac P11lmac
Navicari 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Diadconf 6.3 0.0 0.0 0.0 0.3 0.0 0.8 0.0 0.7 0.2 1.8
Navicryp 25 0.6 0.0 1.3 0.0 0.0 0.0 0.0 0.3 1.3 0.2
Navidign 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navihust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviexil 0.0 0.4 29 0.0 0.3 0.0 0.0 0.0 0.0 0.2 0.0
Navigerm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviheim 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navilanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
Navimini 0.0 0.2 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.2 0.0
Navimimi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navinoth 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviperm 0.0 0.0 0.0 0.0 0.0 0.0 9.8 4.8 0.0 0.0 0.0
Navitene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitrid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitriv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navivari 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviviri 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
Neidspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzacic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzamph 5.9 1.2 0.2 0.6 4.4 10.9 11.8 10.6 10.4 2.2 3.7
Nitzcfca 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzdiss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzhant 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfin 1.1 0.4 1.0 0.4 5.4 3.1 3.6 2.2 11.5 24.1 32.3
Nitzline 2.3 0.0 0.0 0.2 0.5 1.6 0.6 0.0 0.0 0.2 1.2
Nitzpale 16.1 13.5 0.0 4.3 16.2 12.5 8.2 4.8 19.4 6.6 1.4
Nitzpalc 1.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0
Nitzsigm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsivl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsbac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfsl 0.0 0.0 0.0 0.0 5.9 0.0 0.4 0.2 0.0 0.0 0.0
Nitzcftr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Placclem 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
Pinusbsb 0.0 1.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Pinncfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnlath 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfno 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfsa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinntriu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planfreq 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Plancfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhopgibb 1.7 7.5 0.4 1.7 0.0 0.0 0.2 0.5 4.2 1.3 1.1
Selafust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selalaev 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selapupu 0.0 1.2 0.2 0.6 0.0 0.0 1.6 0.2 1.0 0.2 0.5
Selacfre 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauance 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucons 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauprod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Surispl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syneulac 1.7 6.3 4.3 1.7 14.7 1.6 2.8 0.7 5.9 2.4 10.7

Synecful 5.0 0.0 0.0 0.0 0.3 0.0 0.0 2.4 0.3 0.0 0.2




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

P12mac P13mac Pl4mac P15mac Pl6mac P17mac P18mac P19mac P21mac
Achnexig 0.2 0.5 0.2 0.8 0.2 2.5 0.2 1.1 0.0
Achncfch 0.0 4.7 2.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 0.0 0.0 4.4 7.3 45 0.0 0.0 12.4 0.0
Achncfli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achncfma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnminu 1.2 3.3 0.0 8.1 1.2 15 90.3 1.3 65.0
Achnrupe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlabryo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphliby 0.0 0.0 0.0 2.7 0.0 8.0 0.0 0.0 0.0
Amphmont 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphvene 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0
Anomvitr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calobaci 1.2 0.5 15 3.8 8.8 1.9 0.0 0.6 0.0
Calomola 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calosili 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coccplac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcfac 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0
Cratcusp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crathalo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratspl 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0
Cymblata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diplsp1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitadna 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitcfgo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encyminu 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.0 0.0
Encysile 14.1 1.2 4.2 0.4 1.1 2.7 0.4 2.8 0.2
Eunobilu 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.9 1.7
Eunoflex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunointe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunomino 0.2 0.2 1.1 3.1 0.0 0.0 1.2 0.0 0.0
Eunomono 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunosilv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunospl 0.0 0.0 0.0 0.0 111 0.0 0.0 0.0 0.0
Fragcfbi 0.0 0.2 0.0 0.0 4.6 16.1 0.2 3.7 0.0
Fragcfte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfaf 54 2.1 8.6 4.2 2.0 3.6 0.2 4.1 0.0
Gompangu 1.4 0.0 2.4 0.0 0.3 7.3 0.0 35 0.4
Gompaugu 5.6 0.9 15 3.1 0.2 15 0.0 3.7 0.0
Gompcfat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfcl 0.0 0.0 2.2 0.0 1.2 0.0 0.0 0.4 0.0
Gompgrac 0.0 0.0 0.0 0.8 0.3 0.0 0.0 0.0 11.8
Gompinsi 0.0 0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0
Gompmacl 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomppalu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomplage 12.7 6.7 2.4 7.7 0.3 7.5 0.0 4.8 0.4
Gompparv 171 0.7 13.5 3.1 0.2 34 0.6 2.4 0.2
Gomppseu 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.4
Gompsubt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompspl 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Gyrospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hantelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lutimuti 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfmi 3.8 2.6 5.3 8.5 4.6 14.1 1.0 4.1 0.8
Navisp61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviarct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navirost 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfan 0.0 1.4 0.7 0.0 0.0 0.0 0.0 0.7 0.0

Navibrem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

P12mac P13mac Pl4mac P15mac Pl6mac P17mac P18mac P19mac P21mac
Navicari 0.0 1.6 2.4 0.4 0.0 0.0 0.0 1.3 0.0
Diadconf 0.2 0.0 4.2 0.0 0.0 0.0 0.0 1.1 0.2
Navicryp 0.2 0.2 0.0 0.0 0.0 0.6 1.2 2.4 0.6
Navidign 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navihust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviexil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.3
Navigerm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviheim 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navilanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimini 0.0 0.7 2.0 3.8 0.0 0.0 0.0 15 0.2
Navimimi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navinoth 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviperm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitrid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitriv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navivari 0.0 1.9 0.4 0.4 0.0 0.0 0.0 0.2 0.0
Naviviri 0.0 0.0 0.0 0.4 0.0 0.0 0.0 1.8 0.0
Neidspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzacic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzamph 11.8 19.3 8.4 5.8 53.8 8.4 1.8 4.4 0.8
Nitzcfca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzdiss 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0
Nitzelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzhant 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfin 6.2 2.3 1.8 8.1 0.0 8.8 0.0 16.3 1.4
Nitzline 0.6 0.7 0.4 0.4 0.0 0.0 0.0 0.7 0.0
Nitzpale 10.8 14.4 11.7 15.4 35 34 0.8 14.6 7.9
Nitzpalc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 2.7
Nitzsigm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsivl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsbac 0.0 17.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfsl 3.0 0.0 0.2 1.9 0.0 0.0 0.0 0.0 0.0
Nitzcftr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Placclem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0
Pinusbsb 0.0 0.0 0.0 0.4 0.2 0.0 0.0 0.0 0.0
Pinncfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnlath 0.0 0.0 0.2 0.4 0.0 0.0 0.0 0.0 0.0
Pinncfno 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfsa 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
Pinntriu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planfreq 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Plancfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhopgibb 0.0 0.0 0.0 0.8 0.0 0.0 0.0 1.3 0.0
Selafust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selalaev 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selapupu 0.0 0.2 3.1 15 0.8 0.8 0.2 0.6 0.0
Selacfre 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauance 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0
Staucons 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauprod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Surispl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syneulac 3.6 15.1 2.9 0.0 0.2 7.5 0.2 3.7 0.0

Synecful 0.0 0.0 0.2 4.2 0.0 0.0 0.0 0.4 0.0




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

P22mac P23mac P24mac P25mac P26mac P28mac P29mac P31mac P32mac
Achnexig 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Achncfch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achncfli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achncfma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6
Achnminu 83.6 64.1 43.0 61.1 79.6 25.0 56.8 54.0 0.4
Achnrupe 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlabryo 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0
Amphliby 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphmont 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphvene 0.0 0.0 0.0 6.2 0.0 0.0 0.2 0.0 0.0
Anomvitr 0.0 0.0 15.7 1.3 0.0 6.8 8.5 0.0 0.0
Calobaci 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 4.6
Calomola 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calosili 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coccplac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0
Cratcfac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Cratcusp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crathalo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Cymblata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diplsp1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitadna 0.0 0.0 0.0 0.0 0.0 2.3 0.0 0.0 0.0
Epitcfgo 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.0
Encyminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encysile 1.3 7.2 2.7 4.3 0.0 4.0 0.2 0.2 12.9
Eunobilu 0.2 29 3.0 0.0 15 0.0 1.7 0.2 0.0
Eunoflex 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
Eunointe 0.0 0.0 2.5 0.0 0.0 0.0 0.0 0.0 0.0
Eunomino 0.0 0.0 0.0 1.3 0.0 0.0 0.6 0.0 6.2
Eunomono 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0
Eunosilv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunospl 1.1 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0
Fragcfbi 0.9 0.0 0.0 9.2 0.0 0.4 0.0 0.0 0.0
Fragcfte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfaf 0.2 1.3 1.2 1.3 2.0 0.7 2.6 0.5 17.7
Gompangu 0.0 0.0 0.7 0.2 0.4 0.0 0.0 0.0 8.0
Gompaugu 0.0 0.0 0.0 0.0 0.4 0.4 0.8 0.0 9.1
Gompcfat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfcl 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.2
Gompgrac 0.2 0.0 2.7 0.0 0.0 0.4 0.0 0.0 1.6
Gompinsi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompmacl 0.0 0.0 2.2 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Gomppalu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.6 0.0
Gomplage 0.9 15 3.4 0.0 1.8 0.7 0.0 0.0 0.6
Gompparv 0.0 0.6 2.4 1.1 0.0 34 2.3 0.0 1.4
Gomppseu 0.0 0.6 0.0 0.2 0.0 0.2 0.0 0.0 0.0
Gompsubt 0.0 0.0 1.0 0.0 0.6 0.0 0.4 0.0 0.0
Gompspl 0.0 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0
Gyrospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hantelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lutimuti 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfmi 0.0 0.0 0.3 1.9 0.0 3.1 1.3 2.5 3.6
Navisp61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviarct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navirost 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8
Navicfan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Navibrem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

P22mac P23mac P24mac P25mac P26mac P28mac P29mac P31mac P32mac
Navicari 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0
Diadconf 0.0 0.2 0.8 0.2 0.0 0.0 0.0 0.0 2.2
Navicryp 1.7 10.1 3.0 1.9 0.9 24.9 3.6 0.2 0.0
Navidign 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navihust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviexil 0.0 0.0 0.0 0.4 0.0 0.0 0.2 2.5 0.2
Navigerm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviheim 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Navilanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimini 0.0 0.0 0.0 0.0 0.0 0.2 0.0 1.1 0.0
Navimimi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navinoth 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviperm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitrid 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitriv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navivari 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviviri 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Neidspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzacic 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Nitzamph 1.7 0.0 0.3 2.3 0.0 0.5 1.1 0.7 3.0
Nitzcfca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzdiss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzhant 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0
Nitzcfin 0.2 1.1 0.5 0.8 0.0 2.2 15 2.9 1.2
Nitzline 0.2 0.4 0.0 0.0 0.0 1.6 0.0 0.0 0.0
Nitzpale 6.2 1.1 11.2 2.8 5.3 16.0 14.0 14.5 3.2
Nitzpalc 0.0 0.4 0.0 0.0 0.0 0.0 0.8 0.2 0.4
Nitzsigm 0.0 0.0 0.0 0.0 0.4 0.0 1.1 0.0 0.0
Nitzsivl 0.0 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsbac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfsl 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Nitzcftr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Placclem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinusbsb 0.0 0.0 0.2 0.2 0.2 0.5 0.0 0.0 0.2
Pinncfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnlath 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Pinncfno 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfsa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinntriu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planfreq 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0
Plancfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhopgibb 0.0 0.0 0.0 0.6 0.0 0.5 0.0 0.2 11.7
Selafust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selalaev 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selapupu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 2.6
Selacfre 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Stauance 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucons 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauprod 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
Surispl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syneulac 0.0 5.3 15 0.0 5.9 1.3 1.3 0.0 6.0

Synecful 0.0 0.0 0.2 0.0 0.0 0.0 0.0 3.9 0.0




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

P33mac P34mac P35mac P36mac P37mac P38mac P39mac P40mac P41mac
Achnexig 0.0 0.0 0.0 0.4 0.4 0.2 0.6 5.6 0.0
Achncfch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 0.0 0.0 0.0 0.2 0.0 0.0 3.6 0.2 2.0
Achncfli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achncfma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnminu 50.5 0.0 0.7 0.0 0.0 4.0 0.4 0.4 0.0
Achnrupe 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlabryo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Amphliby 0.9 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
Amphmont 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphvene 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0
Anomvitr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calobaci 2.2 1.9 0.9 0.0 5.0 4.3 1.3 2.3 1.1
Calomola 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calosili 0.0 0.0 0.0 3.2 0.0 0.0 0.0 0.0 0.0
Coccplac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcfac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcusp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crathalo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cymblata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diplsp1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitadna 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitcfgo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encyminu 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0 0.0
Encysile 8.9 0.6 3.1 4.2 6.3 2.2 13.6 2.3 10.3
Eunobilu 0.0 0.0 0.0 0.0 0.4 0.0 0.8 0.0 0.0
Eunoflex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunointe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunomino 0.0 0.0 0.0 0.0 0.0 0.9 1.3 0.0 0.0
Eunomono 15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunosilv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunospl 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 1.2
Fragcfbi 0.9 0.0 0.0 11.2 0.0 0.0 0.0 4.3 0.0
Fragcfte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfaf 35 4.3 40.6 17.6 8.1 34 13.2 17.1 8.9
Gompangu 2.6 4.3 0.0 0.0 0.0 0.7 0.6 7.7 0.2
Gompaugu 0.7 1.9 13.7 6.6 3.8 2.2 3.1 18.6 4.1
Gompcfat 0.0 0.0 0.0 0.0 0.0 0.0 3.6 0.0 0.0
Gompcfcl 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
Gompgrac 0.9 0.6 0.0 0.2 2.6 0.2 0.0 0.6 2.0
Gompinsi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompmacl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomppalu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomplage 0.2 5.0 0.9 5.5 1.4 0.2 3.1 2.6 10.7
Gompparv 0.2 0.0 0.7 15 1.6 0.0 1.7 1.9 2.3
Gomppseu 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Gompsubt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gyrospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hantelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lutimuti 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfmi 5.8 13.7 2.9 6.8 0.6 9.0 4.0 4.1 11.0
Navisp61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviarct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navirost 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0

Navibrem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

P33mac P34mac P35mac P36mac P37mac P38mac P39mac P40mac P41mac
Navicari 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0
Diadconf 0.0 0.0 0.0 12.3 0.2 0.0 0.4 3.6 0.2
Navicryp 2.4 0.0 0.0 0.2 0.0 0.4 0.0 0.2 0.2
Navidign 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navihust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviexil 0.4 0.0 0.2 0.2 0.6 0.0 0.0 0.2 0.0
Navigerm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviheim 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navilanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimini 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.8 0.0
Navimimi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navinoth 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviperm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitrid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitriv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navivari 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviviri 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0
Neidspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzacic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzamph 14.0 59.0 5.2 14.4 36.8 30.1 9.4 4.7 30.1
Nitzcfca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzdiss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzhant 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
Nitzcfin 0.0 0.0 11.7 4.7 8.5 0.2 18.4 2.4 0.2
Nitzline 0.0 0.0 0.0 0.8 0.4 0.2 1.2 0.9 0.0
Nitzpale 15 4.3 15.2 2.1 13.7 22.0 4.6 4.5 7.5
Nitzpalc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsigm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsivl 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsbac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfsl 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0
Nitzcftr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Placclem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinusbsb 0.0 0.0 0.0 0.6 0.0 0.0 0.8 0.4 0.2
Pinncfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnlath 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfno 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfsa 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.2
Pinntriu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planfreq 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Plancfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhopgibb 0.4 0.0 0.0 0.0 4.0 0.4 4.0 7.7 0.0
Selafust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selalaev 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selapupu 0.0 0.6 2.7 1.7 1.4 2.0 0.4 2.1 0.2
Selacfre 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauance 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucons 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauprod 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Surispl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syneulac 2.0 0.6 1.1 1.9 4.4 15.3 5.4 3.0 7.3

Synecful 0.0 0.6 0.0 0.0 0.0 0.0 0.2 0.0 0.0




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

P42mac P43mac P44mac P45mac P46mac P47mac P48mac P49mac P50mac
Achnexig 4.1 0.7 0.9 0.0 34 0.0 0.6 0.4 0.0
Achncfch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 0.0 0.4 2.8 1.3 0.6 2.7 0.4 0.0 0.2
Achncfli 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Achncfma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnminu 0.2 45.5 0.2 0.0 0.2 2.2 0.2 80.2 73.1
Achnrupe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlabryo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphliby 1.2 0.7 0.0 0.0 1.4 0.0 0.0 0.4 0.0
Amphmont 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphvene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Anomvitr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calobaci 4.9 3.3 0.7 1.6 0.8 1.1 0.2 0.9 2.1
Calomola 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calosili 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coccplac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcfac 0.5 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
Cratcusp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crathalo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratspl 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Cymblata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diplsp1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitadna 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitcfgo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encyminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encysile 1.2 0.7 0.2 3.9 3.2 3.8 0.4 0.9 2.6
Eunobilu 0.0 21.3 0.0 0.0 0.0 0.0 1.4 0.0 0.0
Eunoflex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunointe 0.0 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunomino 0.0 6.2 0.0 0.0 5.4 0.5 0.4 0.2 15
Eunomono 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunosilv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunospl 0.0 0.0 0.0 0.6 0.0 3.8 0.0 0.0 0.0
Fragcfbi 2.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.1
Fragcfte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfaf 1.0 1.9 15 3.2 2.2 11.3 4.0 3.2 15
Gompangu 0.7 0.0 1.3 1.6 7.4 2.2 3.2 0.9 0.2
Gompaugu 0.2 0.7 1.1 3.9 2.8 3.2 0.2 0.4 0.9
Gompcfat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfcl 0.0 0.0 0.0 0.0 1.6 8.6 0.0 0.0 0.0
Gompgrac 0.0 0.0 0.0 0.3 0.0 0.0 0.8 0.0 0.7
Gompinsi 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompmacl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomppalu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomplage 0.7 0.0 0.0 0.3 4.0 5.9 1.2 0.0 0.0
Gompparv 15 0.7 1.1 0.3 1.4 1.6 4.0 15 3.2
Gomppseu 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompsubt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Gompspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gyrospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hantelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lutimuti 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfmi 18.3 1.1 10.0 1.0 10.6 6.5 37.6 0.0 3.9
Navisp61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviarct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navirost 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfan 0.0 0.0 1.1 0.0 1.6 1.6 0.0 0.0 0.0

Navibrem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

P42mac P43mac P44mac P45mac P46mac P47mac P48mac P49mac P50mac
Navicari 0.5 0.0 0.9 0.0 0.0 0.5 0.0 0.0 0.0
Diadconf 0.2 0.0 1.3 0.0 0.8 1.6 6.2 0.0 0.4
Navicryp 3.9 0.2 0.0 0.0 0.4 1.1 0.4 1.3 0.0
Navidign 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navihust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviexil 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.2 0.4
Navigerm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviheim 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navilanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimini 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Navimimi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navinoth 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviperm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitrid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitriv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navivari 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Naviviri 3.2 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Neidspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzacic 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Nitzamph 29 6.7 14.8 17.8 25.3 9.7 2.2 5.8 1.9
Nitzcfca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzdiss 0.7 0.0 0.4 0.0 0.0 0.0 0.4 0.0 0.0
Nitzelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzhant 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfin 1.7 0.2 115 18.1 0.4 5.9 2.2 0.0 0.0
Nitzline 2.2 0.0 0.9 0.3 1.4 0.0 0.0 0.0 0.2
Nitzpale 16.3 0.9 27.7 14.6 2.2 8.6 19.9 2.4 2.2
Nitzpalc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsigm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsivl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsbac 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfsl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcftr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Placclem 0.0 0.0 0.0 0.3 0.6 0.0 0.0 0.0 0.0
Pinusbsb 0.2 0.4 0.2 0.0 0.4 0.0 0.2 0.0 0.0
Pinncfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnlath 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfno 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfsa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinntriu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planfreq 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Plancfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhopgibb 1.2 0.2 3.1 6.1 5.0 9.7 0.4 0.0 0.0
Selafust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selalaev 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selapupu 6.6 0.4 2.2 17.2 3.0 1.1 0.8 0.2 0.4
Selacfre 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0
Stauance 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0 0.0
Staucons 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauprod 0.0 0.0 0.0 0.0 3.8 0.0 0.0 0.0 0.0
Surispl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syneulac 22.9 3.2 12.6 4.9 9.6 7.0 12.5 0.9 0.0

Synecful 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

P52mac P53mac P54mac P56mac P57mac P58mac P59mac P62mac P63mac
Achnexig 0.2 0.2 0.9 0.0 3.0 3.8 0.0 0.0 0.0
Achncfch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achncfli 0.0 0.0 0.0 0.0 0.0 0.0 2.9 0.0 0.0
Achncfma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnminu 2.5 91.7 4.3 23.0 18.8 6.7 69.4 89.4 82.1
Achnrupe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Adlabryo 0.0 0.0 0.2 0.0 0.0 0.4 0.0 0.0 0.0
Amphliby 2.5 0.0 0.0 0.0 5.1 0.0 0.0 0.6 0.0
Amphmont 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphvene 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0
Anomvitr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calobaci 0.7 0.4 1.4 0.0 3.2 1.1 0.0 0.4 0.8
Calomola 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calosili 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coccplac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcfac 0.0 0.0 0.0 0.0 1.3 0.2 0.0 0.0 0.0
Cratcusp 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Crathalo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cymblata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diplsp1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitadna 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitcfgo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0
Encyminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encysile 9.7 0.2 1.8 0.0 1.3 2.5 7.9 0.6 0.0
Eunobilu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunoflex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunointe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunomino 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8
Eunomono 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0
Eunosilv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunospl 0.2 0.2 0.0 0.4 0.0 0.8 0.0 0.0 0.0
Fragcfbi 0.0 0.0 1.2 0.0 0.0 0.0 0.8 0.0 0.0
Fragcfte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfaf 4.4 0.4 55 0.4 1.9 5.3 0.0 0.4 2.2
Gompangu 1.1 0.0 0.2 0.0 2.6 0.2 0.0 0.0 0.4
Gompaugu 4.4 0.0 2.7 0.2 0.2 2.5 0.0 0.0 0.0
Gompcfat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfcl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompgrac 1.6 0.0 0.4 0.2 0.0 0.0 0.0 0.0 0.0
Gompinsi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompmacl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomppalu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomplage 0.7 0.0 1.4 0.0 1.3 10.9 0.0 0.0 0.0
Gompparv 35 0.0 0.0 0.0 3.9 15 0.0 0.0 0.4
Gomppseu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompsubt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gyrospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hantelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lutimuti 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfmi 2.3 0.0 4.3 0.4 15.8 23.4 0.0 0.0 0.0
Navisp61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviarct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navirost 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Navicfan 0.0 0.0 0.9 0.0 0.0 2.5 0.0 0.0 0.0

Navibrem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances

P52mac P53mac P54mac P56mac P57mac P58mac P59mac P62mac P63mac
Navicari 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.2
Diadconf 0.0 0.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0
Navicryp 0.0 0.2 0.7 0.0 0.0 0.0 2.4 0.0 5.6
Navidign 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navihust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviexil 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Navigerm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviheim 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navilanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
Navimini 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimimi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navinoth 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviperm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitrid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitriv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navivari 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviviri 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Neidspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzacic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzamph 4.9 5.9 2.8 5.8 28.4 19.8 0.0 2.5 4.8
Nitzcfca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzdiss 0.0 0.0 5.5 0.0 0.0 0.0 0.0 0.0 0.0
Nitzelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzhant 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfin 47.8 0.0 41.7 0.0 0.4 0.2 0.8 0.6 0.2
Nitzline 4.7 0.0 1.1 0.2 0.2 0.6 0.6 0.0 0.0
Nitzpale 6.9 0.6 15.8 2.5 9.0 12.6 0.2 2.1 1.0
Nitzpalc 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Nitzsigm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsivl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsbac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfsl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcftr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Placclem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinusbsb 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnlath 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfno 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfsa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Pinntriu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planfreq 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Plancfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhopgibb 0.2 0.0 2.8 0.0 0.6 1.9 1.4 0.2 0.0
Selafust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selalaev 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selapupu 0.4 0.0 0.9 0.8 0.4 1.9 0.0 0.4 0.0
Selacfre 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
Stauance 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucons 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauprod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Surispl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syneulac 1.2 0.2 1.2 65.9 0.0 0.0 0.2 1.0 0.4

Synecful 0.0 0.0 0.2 0.0 0.8 0.6 0.0 0.0 0.2




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances
P64mac P65mac P66mac P67mac P68mac P69mac P70mac P71mac

Achnexig 0.2 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Achncfch 0.0 0.0 0.0 1.9 0.0 0.0 0.0 0.0
Achnhung 0.0 1.6 0.0 4.5 14.4 0.0 0.0 4.2
Achncfli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achncfma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnminu 1.2 0.0 0.0 0.4 3.4 67.1 3.7 0.2
Achnrupe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlabryo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphliby 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0
Amphmont 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphvene 0.0 0.0 15 0.0 0.0 0.0 0.0 0.0
Anomvitr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calobaci 1.6 35 0.0 0.0 2.6 0.0 0.0 1.7
Calomola 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calosili 0.0 0.4 0.0 0.0 0.4 0.0 0.0 0.0
Coccplac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcfac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcusp 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0
Crathalo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cymblata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diplspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitadna 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitcfgo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encyminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encysile 2.7 2.3 13 0.4 4.1 0.4 3.2 21
Eunobilu 0.0 0.0 0.0 3.9 1.8 0.0 0.0 0.0
Eunoflex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunointe 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Eunomino 7.0 0.0 0.0 0.0 4.3 0.0 0.0 1.2
Eunomono 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
Eunosilv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunospl 0.0 0.0 13 0.0 0.0 15 0.0 0.0
Fragcfbi 0.2 0.0 0.0 0.2 0.6 0.0 0.0 0.0
Fragcfte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfaf 28.0 6.6 8.3 0.2 4.1 15 1.2 9.6
Gompangu 0.4 0.0 0.3 0.2 4.7 0.0 26.8 0.0
Gompaugu 0.0 0.4 34 8.0 3.9 0.2 0.7 1.0
Gompcfat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfcl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompgrac 0.0 0.0 0.0 0.0 0.0 0.2 1.0 0.0
Gompinsi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompmacl 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomppalu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomplage 0.2 0.8 11 2.2 4.7 0.0 55 0.4
Gompparv 0.0 0.0 2.8 6.5 2.2 0.0 35 43.8
Gomppseu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompsubt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompspl 0.4 1.6 0.0 0.0 0.0 0.0 0.5 0.0
Gyrospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hantelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lutimuti 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfmi 0.2 3.9 0.8 3.4 1.2 0.4 14.4 0.2
Navisp61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviarct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navirost 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfan 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0

Navibrem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of epiphytic diatoms of Koshi Tapgduppnds)

Koshi Tappu: relative abundances
P64mac P65mac P66mac P67mac P68mac P69mac P70mac P71lmac

Navicari 0.0 0.0 0.0 0.4 0.2 0.0 0.2 0.0
Diadconf 0.0 0.0 0.6 12.5 13.8 0.0 0.2 0.2
Navicryp 0.2 0.4 0.0 9.7 1.0 14.9 0.0 0.0
Navidign 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navihust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviexil 0.0 0.0 0.0 15 0.0 0.0 0.0 0.0
Navigerm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviheim 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navilanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimini 0.0 0.0 1.0 0.0 0.0 0.0 0.3 0.0
Navimimi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navinoth 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviperm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitrid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitriv 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
Navicfup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navivari 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
Naviviri 0.0 0.0 0.0 0.0 2.2 0.2 0.0 0.0
Neidspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzacic 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0
Nitzamph 39.7 18.4 3.2 3.9 12.0 8.0 21.2 5.2
Nitzcfca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzdiss 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0
Nitzelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzhant 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfin 1.0 59 58.2 9.1 0.8 0.0 1.8 10.0
Nitzline 1.0 13.7 2.3 6.7 0.4 0.0 0.3 1.2
Nitzpale 9.5 21.9 7.8 19.7 0.4 11 9.4 5.0
Nitzpalc 0.2 0.0 0.0 0.4 0.0 0.0 0.0 0.0
Nitzsigm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsivl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsbac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfsl 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0
Nitzcftr 0.0 0.0 0.0 0.0 2.4 0.0 0.0 0.0
Placclem 0.0 0.8 0.2 0.0 0.0 0.0 0.0 0.0
Pinusbsb 0.2 0.8 0.0 0.9 1.2 0.0 0.2 0.2
Pinncfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnlath 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfno 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfsa 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
Pinntriu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planfreq 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Plancfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhopgibb 0.2 0.8 0.0 0.2 5.7 0.0 0.2 0.0
Selafust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selalaev 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selapupu 1.9 13.7 0.2 0.0 0.8 0.4 3.5 0.0
Selacfre 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauance 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucons 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauprod 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0
Surispl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syneulac 3.9 2.0 5.3 15 3.4 4.0 1.2 13.1

Synecful 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0




Appendix: % abundance of epipelic diatoms from Koshi Tapmapo

Koshi Tappu: relative abundances of epipelic diatom S
P2sed P3sed Pb5sed P6sed P7sed P8sed Pllsed P12sed P13sed P15sed

Achnexig 7.7 3.4 0.5 0.0 2.5 0.8 8.6 0.0 1.8 6.7
Achncfch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 0.0 0.2 6.9 0.0 1.9 0.0 0.5 0.0 0.0 1.3
Achncfli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achncfma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnminu 18.5 62.3 0.5 0.0 0.2 0.0 0.0 0.0 0.0 2.7
Achnrupe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlabryo 3.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8
Amphliby 5.9 1.6 0.0 0.0 13 0.8 0.0 0.5 0.4 8.0
Amphmont 0.0 0.0 0.0 19.6 0.8 3.8 0.3 0.0 0.4 0.4
Amphvene 0.0 0.0 0.0 0.0 0.2 0.0 1.2 0.0 0.0 0.0
Anomvitr 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calobaci 6.4 0.2 2.5 10.9 2.5 7.6 0.7 0.5 0.0 3.1
Calomola 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8
Calosili 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coccplac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcfac 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
Cratcusp 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Crathalo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cymblata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diplspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitadna 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitcfgo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encyminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encysile 0.9 0.6 3.4 8.7 7.1 7.6 4.3 3.5 0.9 1.3
Eunobilu 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunoflex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunointe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunomino 0.4 0.8 0.0 2.2 0.0 0.0 0.0 0.0 0.0 0.0
Eunomono 0.0 0.0 0.5 0.0 0.0 0.8 0.9 0.0 0.0 0.0
Eunosilv 0.0 0.0 0.0 2.2 0.0 0.0 0.0 0.0 0.0 0.0
Eunospl 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0
Fragcfbi 0.0 0.0 0.0 0.0 0.2 0.0 0.0 7.4 0.0 0.0
Fragcfte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfaf 2.6 0.0 4.4 6.5 4.2 4.5 5.0 0.0 0.0 3.6
Gompangu 2.2 1.2 15 0.0 0.0 0.0 1.6 0.0 0.0 0.0
Gompaugu 1.8 0.2 4.9 4.3 1.0 0.8 1.0 3.0 0.0 0.4
Gompcfat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfcl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0
Gompgrac 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0
Gompinsi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompmacl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomppalu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomplage 0.0 0.4 2.0 4.3 2.3 8.3 2.1 2.0 53 3.6
Gompparv 2.0 2.0 1.0 2.2 3.1 0.0 4.7 3.5 0.4 0.0
Gomppseu 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompsubt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gyrospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hantelon 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
Lutimuti 0.0 0.0 0.5 0.0 0.0 0.0 0.9 0.0 0.0 0.0
Navicfmi 1.3 0.8 4.9 6.5 12.2 9.1 1.7 0.5 4.4 24.0
Navisp61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviarct 0.0 0.0 0.0 0.0 0.0 2.3 0.0 0.0 0.0 0.0
Navirost 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfan 0.0 0.0 3.0 0.0 2.5 0.0 0.0 0.0 0.0 0.0

Navibrem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of epipelic diatoms from Koshi Tapmapo

Koshi Tappu: relative abundances of epipelic diatom S
P2sed P3sed Pb5sed P6sed P7sed P8sed Pllsed P12sed P13sed P15sed

Navicari 0.0 0.6 0.0 17.4 0.0 0.0 0.0 0.0 0.0 2.2
Diadconf 1.8 0.0 5.4 0.0 21.6 5.3 28.3 3.0 4.9 2.2
Navicryp 1.8 8.6 0.5 0.0 0.8 0.0 0.5 0.0 3.1 0.4
Navidign 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navihust 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.5 0.0 0.0
Navicfer 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0
Naviexil 0.7 0.0 0.0 0.0 0.4 0.0 0.5 0.0 0.4 1.3
Navigerm 0.0 0.0 15 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviheim 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navilanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
Navimini 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.9 0.0
Navimimi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navinoth 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviperm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitrid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitriv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navivari 0.0 0.0 2.0 0.0 1.9 0.0 0.0 0.0 0.0 2.2
Naviviri 1.3 1.0 0.0 0.0 0.8 0.0 0.3 2.5 0.4 1.8
Neidspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzacic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzamph 1.3 3.2 23.6 0.0 231 33.3 17.1 11.4 11.6 6.2
Nitzcfca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzdiss 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzhant 0.0 0.4 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfin 0.0 1.0 0.0 0.0 0.0 0.0 0.0 14.9 14.7 0.4
Nitzline 0.0 0.0 6.4 0.0 0.2 0.8 0.2 19.3 2.2 0.0
Nitzpale 51 3.0 17.7 0.0 1.0 15 5.7 21.8 13.3 1.3
Nitzpalc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsigm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsivl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsbac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfsl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcftr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Placclem 11.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinusbsb 6.8 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 1.8
Pinncfin 0.0 0.0 0.0 0.0 0.0 2.3 0.0 0.0 0.0 0.0
Pinnlath 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
Pinncfno 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfsa 0.0 0.0 0.0 0.0 0.0 15 0.2 0.0 0.0 0.0
Pinntriu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planfreq 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Plancfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhopgibb 11 0.2 0.5 10.9 0.4 15 0.7 0.0 0.0 0.4
Selafust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selalaev 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0
Selapupu 8.8 6.6 15 0.0 5.2 2.3 6.4 2.0 0.0 19.6
Selacfre 1.3 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0
Stauance 0.2 0.0 0.0 0.0 0.0 0.8 0.2 0.0 0.0 0.0
Staucons 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauprod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Surispl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syneulac 15 0.4 3.0 4.3 0.2 0.0 3.4 0.0 34.7 0.0

Synecful 0.0 0.0 0.0 0.0 0.0 2.3 0.0 0.0 0.0 0.0




Appendix: % abundance of epipelic diatoms from Koshi Tapmapo

Koshi Tappu: relative abundances of epipelic diatom S
Pl1l6sed P17sed P18sed P19sed P3lsed P32sed P33sed P34sed P35sed P36sed

Achnexig 2.8 15.3 4.9 6.4 0.5 11 8.3 17.8 4.5 7.8
Achncfch 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 4.0 0.0 0.0 5.3 0.5 0.0 0.0 0.0 0.0 0.6
Achncfli 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0
Achncfma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnminu 0.0 2.3 37.7 0.5 13.5 0.0 6.7 0.0 0.0 0.0
Achnrupe 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0
Adlabryo 0.0 0.0 0.0 0.5 0.5 0.0 2.0 0.0 0.0 0.0
Amphliby 0.3 27.4 2.9 0.0 0.0 0.0 4.2 2.5 0.0 0.2
Amphmont 0.5 0.0 0.0 2.2 0.4 0.0 0.4 4.9 1.7 3.1
Amphvene 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0
Anomvitr 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0
Calobaci 4.0 13 1.8 0.7 0.0 5.7 2.2 55 2.1 1.2
Calomola 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calosili 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coccplac 0.0 0.0 0.0 0.5 11 0.0 0.0 0.0 0.0 0.0
Cratcfac 0.0 2.6 0.0 0.5 0.9 2.0 0.0 0.0 0.0 0.0
Cratcusp 0.0 0.2 0.5 0.0 0.0 0.4 0.0 0.0 0.0 0.0
Crathalo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cymblata 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0 0.0
Diplspl 0.0 0.0 0.0 0.0 4.3 0.0 0.0 0.0 0.0 0.0
Epitadna 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitcfgo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.0 0.0 0.3 0.2 0.0 0.0 0.0 0.0 0.0
Encyminu 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encysile 3.0 0.4 1.3 2.4 0.2 1.7 4.4 3.7 0.0 3.9
Eunobilu 0.0 0.0 0.0 0.3 0.2 0.0 0.0 0.0 0.0 0.0
Eunoflex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunointe 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
Eunomino 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.0 0.0
Eunomono 0.5 0.9 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunosilv 0.0 0.2 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunospl 0.0 0.0 0.2 0.0 0.0 0.0 0.6 0.0 0.0 0.4
Fragcfbi 0.3 0.4 0.2 15 0.2 0.0 0.2 0.0 0.0 0.2
Fragcfte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfaf 5.3 2.1 2.6 2.1 0.0 1.7 1.8 1.2 1.2 2.9
Gompangu 0.0 3.6 2.6 1.0 0.0 2.0 3.4 0.0 0.0 0.2
Gompaugu 0.8 0.0 0.0 0.9 0.0 1.7 0.6 0.6 1.7 1.4
Gompcfat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfcl 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
Gompgrac 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.2
Gompinsi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompmacl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomppalu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomplage 3.0 0.8 0.0 2.7 0.0 0.4 0.0 0.0 0.0 1.6
Gompparv 13 0.6 11 1.9 0.5 0.2 0.6 1.2 0.0 0.0
Gomppseu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompsubt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompspl 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0
Gyrospl 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
Hantelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lutimuti 0.0 0.0 0.0 0.2 0.2 0.0 0.2 0.0 0.8 0.0
Navicfmi 3.3 0.4 11 5.5 0.4 23.9 18.6 8.0 0.4 10.7
Navisp61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviarct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navirost 0.0 0.0 0.2 0.0 0.2 0.9 0.2 0.0 0.0 0.2
Navicfan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.3

Navibrem 0.0 0.0 0.0 0.0 3.2 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of epipelic diatoms from Koshi Tapmapo

Koshi Tappu: relative abundances of epipelic diatom S
Pl6sed P17sed P18sed P19sed P3lsed P32sed P33sed P34sed P35sed P36sed

Navicari 0.3 0.0 0.4 0.3 0.4 0.0 0.0 0.0 0.0 0.0
Diadconf 2.0 4.7 11 27.5 0.0 19.8 2.4 38.0 1.2 13.8
Navicryp 0.8 0.6 6.4 3.8 14 15 3.0 0.0 0.8 0.0
Navidign 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navihust 0.0 0.0 0.0 0.0 19.1 0.0 0.0 0.0 0.0 0.0
Navicfer 0.0 0.0 0.0 15 0.0 0.0 0.0 0.0 0.0 0.0
Naviexil 15 0.6 2.4 0.9 11 0.4 4.2 0.6 0.0 0.4
Navigerm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
Naviheim 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navilanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.4
Navimini 0.0 0.8 0.0 0.0 0.0 0.0 3.2 0.0 0.4 0.0
Navimimi 0.0 3.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navinoth 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviperm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0
Navitrid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitriv 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0
Navicfup 0.0 0.0 0.0 0.0 2.9 0.0 0.0 0.0 0.0 0.0
Navivari 0.0 0.2 0.2 1.9 0.0 0.6 0.0 0.6 0.0 0.2
Naviviri 2.3 1.7 0.4 0.9 0.4 0.0 0.0 0.0 0.0 0.0
Neidspl 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzacic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzamph 20.8 11.3 11.7 10.7 3.7 6.7 13.9 9.2 15.3 29.8
Nitzcfca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzdiss 1.0 0.0 0.0 0.0 14 0.0 0.0 0.0 1.2 0.0
Nitzelon 0.0 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0
Nitzhant 0.8 0.2 0.0 0.2 0.2 0.0 0.0 0.0 1.2 0.0
Nitzcfin 0.0 0.2 0.0 0.3 1.6 0.6 0.0 0.0 2.1 0.2
Nitzline 0.0 0.6 0.5 0.7 0.0 11 0.2 0.0 0.0 0.6
Nitzpale 8.5 5.3 4.7 4.1 13.4 12.6 6.9 0.6 3.3 4.3
Nitzpalc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsigm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsivl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsbac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfsl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcftr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Placclem 0.0 0.0 2.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Pinusbsb 4.0 0.0 0.0 0.5 0.0 0.7 0.0 0.6 0.0 0.6
Pinncfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnlath 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfno 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfsa 0.0 0.4 2.9 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Pinntriu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planfreq 0.0 0.0 0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 1.2 0.0
Plancfde 0.0 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0 0.0
Rhopgibb 0.0 0.2 0.2 0.2 0.4 0.4 0.8 0.0 0.0 0.0
Selafust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selalaev 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0
Selapupu 211 10.8 5.8 4.6 12.3 10.9 5.1 3.7 55.8 10.7
Selacfre 0.0 0.0 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauance 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0
Staucons 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauprod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Surispl 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0
Syneulac 3.5 0.8 0.0 0.2 0.0 0.0 2.0 0.0 0.4 0.4

Synecful 0.0 0.0 0.0 0.3 0.0 0.2 0.0 0.0 0.0 0.0




Appendix: % abundance of epipelic diatoms from Koshi Tapmapo

Koshi Tappu: relative abundances of epipelic diatom S
P37sed P38sed P39sed P40sed P4lsed P42sed P43sed P44sed P45sed P46sed

Achnexig 55 22.3 2.5 20.4 0.8 33.3 5.0 2.3 22.9 8.7
Achncfch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 0.6 0.0 3.1 0.0 0.8 0.0 0.2 0.0 0.0 2.5
Achncfli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achncfma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnminu 0.0 1.6 0.5 0.7 0.0 0.0 25.0 0.0 0.0 0.6
Achnrupe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlabryo 0.0 0.0 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Amphliby 0.2 0.0 0.0 11 0.2 6.2 11 0.6 0.4 3.4
Amphmont 3.4 3.7 11 0.0 0.2 0.4 2.0 2.1 5.4 0.3
Amphvene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Anomvitr 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.2 0.0 0.0
Calobaci 3.0 0.3 0.5 0.9 2.3 0.4 1.6 13 4.2 0.3
Calomola 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calosili 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coccplac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcfac 0.6 0.0 0.2 0.0 0.0 11 0.0 0.0 0.0 0.0
Cratcusp 0.2 0.5 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crathalo 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
Cratminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
Cymblata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diplspl 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.3
Epitadna 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitcfgo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Encyminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encysile 3.0 7.3 1.8 0.6 5.3 0.4 14 1.0 0.4 11
Eunobilu 0.0 0.0 0.5 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Eunoflex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunointe 0.0 0.0 0.0 0.0 0.0 0.0 3.5 0.0 0.0 0.0
Eunomino 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunomono 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.4 3.3 0.3
Eunosilv 0.0 0.0 0.0 0.0 14 0.0 0.5 0.0 0.0 0.0
Eunospl 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.2 0.0 0.0
Fragcfbi 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Fragcfte 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfaf 0.4 2.6 2.9 11 1.6 0.0 0.7 2.5 2.5 0.8
Gompangu 0.9 0.0 11 0.0 1.8 0.0 0.4 0.0 0.4 1.7
Gompaugu 13 0.8 1.8 0.6 1.0 0.0 0.4 0.4 0.0 0.3
Gompcfat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfcl 0.0 0.0 0.5 1.3 0.2 0.0 0.0 0.0 0.0 0.0
Gompgrac 0.0 0.3 0.7 0.0 0.6 0.0 0.5 0.0 0.0 0.0
Gompinsi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompmacl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomppalu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomplage 11 0.3 2.2 0.7 4.5 0.0 0.0 0.8 0.8 0.3
Gompparv 0.4 0.5 0.7 0.0 4.9 11 0.7 1.7 0.8 0.6
Gomppseu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompsubt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompspl 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0
Gyrospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hantelon 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
Lutimuti 0.4 0.3 0.4 0.0 0.0 0.0 0.2 0.4 0.0 0.0
Navicfmi 7.0 11.0 4.7 9.5 4.9 5.8 6.2 12.9 5.0 5.0
Navisp61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviarct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navirost 0.6 0.0 1.6 0.2 0.0 0.0 0.0 0.0 0.0 0.3
Navicfan 13 1.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0

Navibrem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of epipelic diatoms from Koshi Tapmapo

Koshi Tappu: relative abundances of epipelic diatom S
P37sed P38sed P39sed P40sed P4lsed P42sed P43sed P44sed P45sed P46sed

Navicari 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diadconf 11 0.0 26.9 21.2 12.1 11 0.0 26.3 4.6 2.0
Navicryp 0.0 0.0 0.7 5.0 0.6 4.7 5.1 1.0 0.0 0.6
Navidign 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navihust 0.0 0.0 0.2 0.0 0.0 0.0 1.4 0.0 0.0 11
Navicfer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviexil 0.6 0.3 0.9 0.4 1.2 14 11 2.1 0.0 0.0
Navigerm 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 2.9 1.7
Naviheim 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navilanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navimicr 0.0 0.0 0.0 0.0 0.0 11 0.0 0.2 0.8 0.0
Navimini 0.0 0.0 0.9 0.0 0.0 11 0.0 3.3 0.0 0.6
Navimimi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navinoth 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviperm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 2.9 0.3
Navitrid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitriv 0.0 3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navivari 0.6 0.3 0.0 0.2 0.0 11 0.0 0.4 0.0 0.0
Naviviri 0.9 0.0 3.5 1.3 0.0 13.8 0.5 0.2 0.0 8.4
Neidspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzacic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzamph 37.1 10.5 18.4 8.3 22.9 2.9 25.5 20.3 104 13.7
Nitzcfca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzdiss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzelon 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzhant 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfin 2.6 1.6 11 0.0 0.4 0.4 0.7 0.4 0.4 0.6
Nitzline 3.4 1.0 0.0 0.0 3.7 0.0 0.0 0.4 2.5 11
Nitzpale 7.7 12.3 4.7 3.0 13.9 5.4 4.4 9.0 3.3 6.4
Nitzpalc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsigm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsivl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsbac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfsl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcftr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Placclem 0.0 0.0 0.9 7.1 0.0 0.0 0.2 13 2.1 0.8
Pinusbsb 0.2 1.8 0.2 0.2 0.6 0.7 0.0 0.2 0.8 2.8
Pinncfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnlath 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfno 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfsa 0.2 0.0 0.2 0.0 0.2 0.0 0.9 0.0 0.0 0.0
Pinntriu 0.0 1.0 0.4 0.0 0.6 0.0 0.2 0.0 0.0 0.0
Planfreq 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Plancfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhopgibb 0.0 0.0 0.5 0.2 0.0 0.0 0.2 0.4 0.4 0.6
Selafust 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0
Selalaev 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selapupu 8.5 13.4 7.8 9.6 8.2 13.8 6.2 3.1 20.8 24.9
Selacfre 0.0 0.0 0.2 0.0 0.2 0.0 11 0.0 0.0 0.0
Stauance 0.0 0.0 0.4 1.7 0.0 0.7 0.7 0.2 0.0 5.0
Staucons 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauprod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Surispl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syneulac 4.5 0.3 0.5 0.0 0.8 0.4 0.2 2.9 0.0 0.3

Synecful 0.0 0.0 1.6 0.0 1.0 0.0 0.0 0.0 0.4 0.0




Appendix: % abundance of epipelic diatoms from Koshi Tapmapo

Koshi Tappu: relative abundances of epipelic diatom S
P47sed P49sed P53sed P54sed P56sed P57sed P58sed P62sed P63sed P64sed P65sed

Achnexig 14.5 5.9 2.3 8.0 1.7 4.7 15 15 3.0 3.9 3.0
Achncfch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnhung 4.8 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8
Achncfli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achncfma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achnminu 0.0 46.6 66.0 2.0 9.2 0.0 0.0 83.3 40.5 0.0 0.0
Achnrupe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adlabryo 0.0 0.4 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Amphliby 0.0 13 1.2 0.0 0.4 7.9 0.0 0.4 0.0 14 0.0
Amphmont 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphvene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Anomvitr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calobaci 0.0 0.9 1.4 2.0 0.6 14 6.0 0.0 0.6 2.7 0.8
Calomola 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calosili 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coccplac 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcfac 0.0 0.0 0.0 0.0 0.2 0.5 0.4 0.4 0.9 1.8 1.3
Cratcusp 0.0 0.0 0.0 0.0 1.0 2.3 1.8 0.0 2.2 2.3 0.4
Crathalo 0.0 0.0 0.0 0.0 0.0 18.1 0.0 0.0 0.0 0.0 2.1
Cratminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratspl 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cymblata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diplspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitadna 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitcfgo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Epitsore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encyminu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encysile 0.0 0.7 0.6 0.0 0.0 1.6 1.8 0.0 0.4 1.8 0.4
Eunobilu 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
Eunoflex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunointe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunomino 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunomono 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.4 0.6 0.9 0.0
Eunosilv 0.0 0.0 0.0 0.0 0.0 0.2 0.7 0.0 0.0 0.0 0.0
Eunospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fragcfbi 0.0 4.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Fragcfte 0.0 0.0 0.0 0.0 56.9 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfaf 0.0 3.0 0.4 0.0 0.2 5.6 4.4 1.9 0.0 4.1 1.3
Gompangu 0.0 1.9 0.0 0.0 0.0 14 0.0 0.0 0.0 0.0 0.0
Gompaugu 0.0 0.0 0.0 2.0 0.2 0.0 0.0 0.0 0.0 0.4 0.4
Gompcfat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfcl 0.0 0.0 0.0 0.0 0.0 14 0.0 0.0 0.0 0.0 0.0
Gompgrac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompinsi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompmacl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfmi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomppalu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gomplage 0.0 0.2 0.0 0.0 0.0 0.0 3.5 0.0 0.0 0.0 0.0
Gompparv 0.0 15 0.4 0.0 0.4 2.7 6.4 0.0 0.6 3.1 0.0
Gomppseu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompsubt 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gyrospl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hantelon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3
Lutimuti 0.0 0.0 0.2 0.0 0.0 0.2 0.7 0.0 0.0 0.0 0.0
Navicfmi 0.0 0.6 0.0 8.0 0.6 4.7 7.3 11 4.1 2.2 1.3
Navisp61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviarct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navirost 0.0 0.0 0.0 2.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Navicfan 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Navibrem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Appendix: % abundance of epipelic diatoms from Koshi Tapmapo

Koshi Tappu: relative abundances of epipelic diatom S
P47sed P49sed P53sed P54sed P56sed P57sed P58sed P62sed P63sed P64sed P65sed

Navicari 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0
Diadconf 12.9 0.4 0.0 0.0 0.0 4.3 4.0 0.0 0.0 0.7 0.0
Navicryp 0.0 7.4 0.0 0.0 0.0 0.5 0.0 0.0 22.4 0.0 0.0
Navidign 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navihust 0.0 0.0 0.0 0.0 0.6 0.7 0.7 0.0 0.0 0.0 0.0
Navicfer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0
Naviexil 1.6 0.6 1.0 0.0 1.0 11 0.2 0.4 11 11 1.7
Navigerm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviheim 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navilanc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14 0.0
Navimicr 0.0 0.0 0.2 0.0 0.0 0.0 0.2 0.0 0.0 13 0.0
Navimini 0.0 0.4 0.0 2.0 0.0 0.5 0.0 0.0 0.9 0.0 0.0
Navimimi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navinoth 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Naviperm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitrid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navitriv 12.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicfup 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navivari 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Naviviri 1.6 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.4 0.0
Neidspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzacic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzamph 8.1 10.8 8.4 4.0 7.3 22.6 12.4 5.3 9.1 28.2 5.1
Nitzcfca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzdiss 1.6 0.0 0.2 0.0 0.0 0.0 0.7 0.0 0.0 0.2 1.3
Nitzelon 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.4 0.4 0.0 0.0
Nitzhant 0.0 0.4 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.4
Nitzcfin 0.0 0.0 0.6 0.0 13 0.0 0.0 0.0 0.0 0.0 8.1
Nitzline 0.0 0.4 2.5 2.0 15 0.2 11 0.0 15 3.4 2.1
Nitzpale 3.2 3.3 4.7 18.0 2.7 3.2 2.4 0.6 6.5 10.6 44.1
Nitzpalc 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsigm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsivl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzsbac 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcfsl 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Nitzcftr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Placclem 1.6 0.4 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Pinusbsb 1.6 0.2 0.0 0.0 0.2 0.0 0.7 0.0 0.0 0.0 0.0
Pinncfin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnlath 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfno 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinncfsa 0.0 0.0 0.6 0.0 15 0.9 0.2 0.4 0.9 0.7 0.4
Pinntriu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planfreq 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlanc 0.0 0.0 0.6 2.0 0.2 0.0 11 0.0 0.0 0.4 0.0
Plancfde 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rhopgibb 0.0 0.0 0.2 0.0 0.0 0.2 0.9 0.0 0.0 0.0 0.0
Selafust 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Selalaev 0.0 0.2 0.0 0.0 0.0 3.6 0.0 0.0 0.0 0.0 0.0
Selapupu 12.9 3.7 8.8 48.0 9.6 6.3 36.1 3.8 4.3 24.2 22.9
Selacfre 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauance 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucons 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stauprod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Surispl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syneulac 1.6 11 0.0 0.0 0.0 0.2 1.3 0.0 0.0 0.5 0.0

Synecful 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8




Appendix: Koshi Tappu, species codes

Koshi Tappu: species codes

Achnexig =Achnanthes exigua
Achncfch =Achanthescf. chlidanos
Achnhung =Achnanthes hungarica
Achncfli = Achnanthe<cf. linearis
Achncfma =Psammothidiuncf. marginulatum
Achnminu =Achnanthidium minutissimum
Achnrupe =Achnanthes rupestoides
Adlabryo =Adlafia bryophila

Amphliby = Achnanthes libyca
Amphmont =Amphora montana
Amphvene sAmphora veneta

Anomvitr = Anomoeoneis vitrea
Calobaci =Caloneis bacillum

Calomola =Caloneis molaris

Calosili =Caloneis silicula

Coccplac =Cocconeis placentula
Cratcfac =Craticula cf. accomodiformis
Cratcusp =Craticula cuspidata

Crathalo =Craticula halopannonica
Cratminu =Craticula minusculoides
Cratspl =Craticula sp.1

Cymblata =Cymbopleura lata

Diplspl1 =Diploneis sp.1

Epitadna =Epithemia adnata

Epitcfgo =Epithemiacf. goeppertiana
Epitsore =Epithemia sorex

Encyminu =Encyonema minutum
Encysile =Encyonema silesiacum
Eunobilu =Eunotia bilunaris

Eunoflex =Eunotia flexuosa

Eunointe =Eunotia intermedia
Eunomino =Eunotia minor

Eunomono =Eunotia monodon

Eunosilv =Eunotia silvae

Eunospl #Eunotia sp.1

Fragcfbi =Fragilaria cf. bidens

Fragcfte =Fragilaria cf. tenera
Gompcfaf =Gomphonemaf. affine
Gompangu Gomphonema angustatum
Gompaugu <Gomphonema augur
Gompcfat =Gomphonemaf. augur v. turris
Gompcfcl =Gomphonemaf. clavatulum
Gompgrac =Gomphonema gracile
Gompinsi =Gomphonema insigniforme
Gompmacl =Gomphonema maclaughlinii
Gompcfmi =Gomphonemaf. minutum
Gomppalu =Gomphonema paludosum
Gomplage =Gomphonema lagenula
Gompparv =Gomphonema parvulum

Gomppseu omphonema pseudosphaerophorum

Gompsubt =Gomphonema subtile
Gompspl =Gomphonemasp.1
Gyrospl =Gyrosigmasp.1

Hantelon =Hantzschia elongata
Lutimuti = Luticola mutica

Navicfmi =Navicula cf. minima
Navisp61 =Navicula sp.61sed
Naviarct =Navicula arctotenelloides
Navirost =Navicula rostellata
Navicfan =Navicula cf. antonii

Navibrem =Navicula bremensis

Navicari =Navicula cari

Diadconf =Diadesmis confervacea

Navicryp =Navicula cryptocephala

Navidign =Navicula digna

Navihust =Navicula hustedtii

Navicfer =Navicula cf. erifuga

Naviexil =Navicula exilis

Navigerm =Navicula germainii

Naviheim =Navicula heimansioides

Navilanc =Navicula lanceolata

Navimicr =Navicula microcari

Navimini =Navicula minima

Navimimi = Navicula minusculuy. minusculus

Navinoth =Navicula notha

Naviperm =Navicula perminuta

Navitene =Navicula tenelloides

Navitrid = Navicula tridentula

Navitriv = Navicula trivialis

Navicfup =Navicula cf. upsaliensis
Navivari =Navicula variostriata

Naviviri = Navicula viridula

Neidspl Neidiumsp.1

Nitzacic =Nitzschia acicularis

Nitzamph =Nitzschia amphibia

Nitzcfca =Nitzschiacf. capitellata

Nitzdiss =Nitzschia dissipata

Nitzelon =Nitzschia elongata

Nitzhant =Nitzschia hantzschiana

Nitzcfin = Nitzschiacf. incognita

Nitzline = Nitzschia linearis

Nitzpale =Nitzschia palea

Nitzpalc =Nitzschia paleacea

Nitzsigm =Nitzschia sigmoidae

Nitzsivl =Nitzschia sinuatav.1

Nitzsbac =Nitzschia subacicularis

Nitzcfsl = Nitzschiacf. sublinearis

Nitzcftr = Nitzschiacf. tropica

Placclem =Placoneis clementis

Pinusbsb Pinnularia subcapitatav. subrostrata

Pinncfin =Pinnularia cf. interruptiformis

Pinnlath =Pinnularia latareav. thermophila

Pinncfno =Pinnularia cf. nobilis

Pinncfsa =Pinnulatia cf. saprophila

Pinntriu =Pinnularia triundulata

Planfreq =Planothidium frequentissimum

Planlanc =Planothidium lanceolatum

Plancfde= Planothidium cf. delicatulum

Rhopgibb =Rhopalodia gibba

Selafust =Sellaphora fusticulus

Selalaev =Sellaphora laevissima
Selapupu Sellaphora pupula

Selacfre Sellaphoracf. rectangularis

Stauance Stauroneis anceps

Staucons Stauroneis conspicua

Stauprod =Stauroneis producta
Surispl Surirella sp.1

Syneulac =Synedra ulnav. acus

Synecful =Synedracf. ulna




Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character
Categories: 1 = present>230%
P1 P2 P3 P4 P5 P6 P7 P8 P9

Pond dimensions
Length (m) 60 50 40 40 40 50 50 50 50
Width (m) 25 15 10 40 15 50 50 30 40
Pond area 1500 750 400 1600 600 2500 2500 1500 2000
Rip. Zone Width (m) 4 2 2 15 1 1.5 1.5 15 1.5
Bank Height (m) 0.5 25 25 2 0.5 1 1 1 1
Substrate composition (%)
Littoral
Boulders 0 0
Cobbles 0 0
Pebbles 0 0
0 0
0 0

Gravel

O O O O o
o O O o o
O ©O O o o

Sand
Silt,mud,earth 50 75 50 50 80 50 90 60 50
Leaves, plants 50 25 50 50 20 50 10 10 50
Riparian zone

Boulders 0 0
Cobbles 0 0
Pebbles 0 0
Gravel 0 0
Sand 0 0
Silt,mud,earth 50 70 30 50 80 70 50 40 40
Leaves, plants 50 30 70 50 20 30 50 30 60
Bank

Boulders 0 0
Cobbles 0 0
Pebbles 0 0
Gravel 0 0
Sand 0 0
Silt,mud,earth 25 50 10 30 10 20 30 30 30
Leaves, plants 75 50 90 70 90 80 70 70 70
Bank profile

Natural

Vertical, undercut 0 0 0 0 0 0 0

Vertical + toe 0 0 0 0 0 0 0 0
Steep 0 2 2 2 2 1 0 2
Composite

Gentle 2 0 0 0 0 0 0 0
Artificial

Resectioned

o

o r

Reinforced whole

Reinforced part

Embanked

Poached 0 0 0 0 0 0 0 0 0




Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character
Categories: 1 = present>230%
P1 P2 P3 P4 P5 P6 P7 P8 P9

Lake vegetation

Emerg. herbs 1 1 2 2 1 1 1 0 1
Emerg. reeds, sedges 1 0 1 1 0 1 1 1 1
Rooted floating leaves 2 1 1 2 1 1 0 1 1
Free floating plants 1 0 0 0 1 1 1 1 1
Submerged plants 2 1 2 1 1 1 1 1 0
Bryophytes 0 0 0 0 0 0 0 0 0
Filamentous algae 0 0 0 0 0 0 0 0 0
Bank vegetation (%)

Bare 0 0 0 10 30 0 0 0 0
Short grass 0 40 10 80 30 40 50 50 80
Tall grass, herbs 0 20 70 10 30 10 20 40 18
Scrub 90 0 15 0 0 10 0 0 0
Trees 10 40 5 0 10 40 30 10 2
Trees, ass. features

Trees 0 4 1 1 1 4 3 3

Shading 0 1

Riparian roots

Underw. roots

Fallen trees

Overh. boughs

Woody debris

Land use wider catchment

©O o o o o
r . o O o
©O o o o o
©O o o o o
©O o o © o
P o o © O
© o o © o
» o o © o
©O o o © o

Village
Roads

Agriculture

P o O O
© = O O
O b O B
O » O O
O b O r
N e I )
N T )
P o O R
P s O R

Pasture
Rough grass 2 1 1 2 2 1 1 2 2
Scub 1 1 1 0 0 1 0 1 1
Broad leaved forest 0 1 1 1 0 0 0 0 0
Land use within 100 m

Urban settlement 0 0 0 0 0 0 0 0

Isolated houses

Agriculture

Pasture 0 0 0 0 0 0 0 0 0
Rough grassland 2 1 1 0 1 1 1 1 2
Scrub 1 1 1 1 0 0 0 0 0
Broad leaved forest 0 0 0 0 0 0 0 0 0
Artificial features riparian zone

Road, path 0 1 0 0 0 0 0 0 0
Weir, dam

Management, use

Removal lake veg. 0 1 0 0 1 1 1 1 0
Removal riparian vegetation 0 1 1 1 1 1

Removal bank vegetation 0 1 1 1 1 1

Fish pond 0 0 1 1 1 1 1 1 1




Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character
Categories: 1 = present>230%

P10 P11 P12 P13 P14 P15 P16 P17 P18
Pond dimensions
Length (m) 60 250 70 70 60 60 60 50 25
Width (m) 50 70 70 50 40 40 60 30 20
Pond area 3000 17500 4900 3500 2400 2400 3600 1500 500
Rip. Zone Width (m) 1 15 1 15 15 15 2 2 2
Bank Height (m) 1 1 1 1 1 0.5 1.5 15 1
Substrate composition (%)
Littoral
Boulders 0 0 0 0 0 0 0 0 0
Cobbles 0 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0
Sand 0 0 65 0 0 0 0 0 0
Silt,mud,earth 20 50 30 100 70 90 90 95 25
Leaves, plants 80 50 5 0 30 10 10 5 75
Riparian zone
Boulders 0 0 0 0 0 0 0 0 0
Cobbles 0 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0
Sand 0 0 0 0 0 0 0 0 0
Silt,mud,earth 20 20 80 98 10 50 90 10 10
Leaves, plants 80 80 20 2 90 50 10 90 90
Bank
Boulders 0 0 0 0 0 0 0 0 0
Cobbles 0 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0
Sand 0 0 0 0 0 0 0 0 0
Silt,mud,earth 20 20 50 30 10 20 50 5 5
Leaves, plants 80 80 50 70 90 80 50 95 95
Bank profile
Natural
Vertical, undercut 0 0 0 1 0 0 1 0 0
Vertical + toe 0 0 0 1 0 2 2 1 1
Steep 2 1 1 1 1 0 0 1 1
Composite 0 2 2 1 2 0 0 1 1
Gentle 0 0 0 0 0 0 0 1 1
Artificial
Resectioned

Reinforced whole

Reinforced part

Embanked 2 2 2 1 2 1

Poached 0 0 0 0 0 0 0 0 0




Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character

Categories: 1 = present>230%

P10

P11

P12 P13

P14

P15

P16

P17

P18

Lake vegetation
Emerg. herbs

Emerg. reeds, sedges
Rooted floating leaves
Free floating plants
Submerged plants
Bryophytes
Filamentous algae
Bank vegetation (%)
Bare

Short grass

Tall grass, herbs
Scrub

Trees

Trees, ass. features
Trees

Shading

Riparian roots
Underw. roots

Fallen trees

Overh. boughs
Woody debris

Land use wider catchment
Village

Roads

Agriculture

Pasture

Rough grass

Scub

Broad leaved forest
Land use within 100 m
Urban settlement
Isolated houses
Agriculture

Pasture

Rough grassland
Scrub

Broad leaved forest
Artificial features riparian zone
Road, path

Weir, dam
Management, use
Removal lake veg.
Removal riparian vegetation
Removal bank vegetation

Fish pond

50
20

20
10

©O o o © o

P o O O

40
30

30

©O o o © o

B . O O

20 10

30 45
45 30

P - o O o
©O o o © o

B - O O
B . O O

10

40
25
25

[

©O » o O o

R b O O

40

10
20
30

P o r O O

P s O

10
55

10
20

©O » B O O

P s O

80

15

©O o o O o

B s O

60
20

20

©O o o © o

P a O P




Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character
Categories: 1 = present>230%
P19 P21 P22 P23 P24 P25 P26 P28 P29

Pond dimensions
Length (m) 100 25 70 100 450 250 25 500 80
Width (m) 70 15 40 50 80 50 10 100 30
Pond area 7000 375 2800 5000 36000 12500 250 50000 2400
Rip. Zone Width (m) 5 0.5 1 2 4 4 3 5 1.5
Bank Height (m) 1 0.5 0.5 0.5 0.5 0.5 1 3 3
Substrate composition (%)
Littoral
Boulders 0 0
Cobbles 0 0
Pebbles 0 0
0 0
0 0

Gravel

O O O O o
O O O O o
o O O o o
o O O o o
O O O o o

Sand
Silt,mud,earth 10 90 30 5 30 50 80 10 5
Leaves, plants 90 10 70 95 70 50 20 90 95
Riparian zone
Boulders 0 0
Cobbles 0 0
Pebbles 0 0
Gravel 0 0
0 0

o O O O o
O O O O o

Sand
Silt,mud,earth 10 30 10 20 20 50 30 10 5
Leaves, plants 90 70 90 80 80 50 70 90 95
Bank
Boulders 0
Cobbles 0 70
Pebbles 0

0

0

Gravel

O O O o o
O O O o o
o O O o

Sand
Silt,mud,earth 40 0 0 20 20 20 20 0 0
Leaves, plants 60 100 100 80 80 80 80 50 10
Bank profile

Natural

Vertical, undercut 0 0 0 0 0 0 0

Vertical + toe 0 0 0 0 0 0 0 0 0
Steep 0 0 1 0 0 0 0

Composite 1 1 2 1 1 1 1 0

Gentle 2 2 0 2 2 2 2

Artificial

Resectioned 0 0 0 0 0 0 0 0

Reinforced whole

Reinforced part

Embanked 1 0 0 0 0 0

Poached 1.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0




Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character

Categories: 1 = present>230%

P19

P21

P22

P23

P24

P25

P26

P28

P29

Lake vegetation
Emerg. herbs
Emerg. reeds, sedges
Rooted floating leaves
Free floating plants
Submerged plants
Bryophytes
Filamentous algae
Bank vegetation (%)
Bare

Short grass

Tall grass, herbs
Scrub

Trees

Trees, ass. features
Trees

Shading

Riparian roots
Underw. roots
Fallen trees

Overh. boughs
Woody debris

Land use wider catchment

Village

Roads

Agriculture

Pasture

Rough grass

Scub

Broad leaved forest
Land use within 100 m
Urban settlement
Isolated houses
Agriculture

Pasture

Rough grassland
Scrub

Broad leaved forest

Artificial features riparian zone

Road, path
Weir, dam
Management, use
Removal lake veg.

10
10
60

10

10

©O o o © o

P b O B

90

10

©O o o © o

O o © ©

90
10

©O o o © o

O o © ©

60
30
10

R b o O o

O o © ©

10
60
10
20

©O o o © o

© o +» O

20
40
40

=

O o o O o

O o +» O

60
20
20

© o o © o

o o +» O

30

55
15

©O o o O o

O o +» O

70
15
15

©O o o © o

o o +» O

Removal riparian vegetation 0 0 0 0 1 0 1 0 0
Removal bank vegetation 1 0 0 0 1

Fish pond 1 0 0 0 0 0 0 0 0




Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character
Categories: 1 = present>230%

P31 P32 P33 P34 P35 P36 P37 P38 P39
Pond dimensions
Length (m) 150 30 30 50 50 80 70 50 17
Width (m) 7 5 8 15 25 40 20 20 8
Pond area 1050 150 240 750 1250 3200 1400 1000 136
Rip. Zone Width (m) 4 1 1 1 1 2 1 0.5 1.5
Bank Height (m) 0.5 15 1.5 15 1 1 1 1 0.5
Substrate composition (%)
Littoral
Boulders 0 0 0 0 0 0 0 0 0
Cobbles 0 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0
Sand 0 40 30 5 0 0 0 0 0
Silt,mud,earth 90 20 10 90 100 50 90 90 70
Leaves, plants 10 40 60 5 0 50 10 10 30
Riparian zone
Boulders 0 0 0 0 0 0 0 0 0
Cobbles 5 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0
Sand 0 0 20 0 0 0 0 0 0
Silt,mud,earth 70 10 10 90 90 30 80 90 10
Leaves, plants 25 90 70 10 10 70 20 10 90
Bank
Boulders 0 0 0 0 0 0 0 0 0
Cobbles 0 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0
Sand 0 0 0 0 0 0 0 0 0
Silt,mud,earth 40 30 10 50 30 20 5 20 5
Leaves, plants 60 70 90 50 70 80 95 80 95
Bank profile
Natural
Vertical, undercut 0 0 2 0 0 0 1 1 0
Vertical + toe 0 0 2 2 2 1 1 1 1
Steep 0 2 0 1 1 1 1 2 0
Composite 1 0 0 0 0 1
Gentle 2 0 0 0 0 0 0 0 1
Artificial
Resectioned

Reinforced whole

Reinforced part

Embanked

Poached 0 0 0 0 0 0 0 0 0




Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character

Categories: 1 = present>230%

P31

P32

P33 P34 P35 P36 P37 P38 P39

Lake vegetation
Emerg. herbs
Emerg. reeds, sedges
Rooted floating leaves
Free floating plants
Submerged plants
Bryophytes
Filamentous algae
Bank vegetation (%)
Bare

Short grass

Tall grass, herbs
Scrub

Trees

Trees, ass. features
Trees

Shading

Riparian roots
Underw. roots
Fallen trees

Overh. boughs
Woody debris

Land use wider catchment

Village

Roads

Agriculture

Pasture

Rough grass

Scub

Broad leaved forest
Land use within 100 m
Urban settlement
Isolated houses
Agriculture

Pasture

Rough grassland
Scrub

Broad leaved forest

Artificial features riparian zone

Road, path
Weir, dam
Management, use
Removal lake veg.

Removal riparian vegetation
Removal bank vegetation

Fish pond

25

30
15
30

=

©O h o O o

O o N O

50
35
10

©O o o © o

SO o © B

20 40 40 20 15 15 5
50 30 30 60 70 40 95

25 10 20 5 10 40 0
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Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character

Categories: 1 = present>230%

P40 P41 P42 P43 P44 P45 P46 P47 P48
Pond dimensions
Length (m) 35 60 70 25 50 30 15 35 100
Width (m) 25 6 50 15 10 30 12 25 40
Pond area 875 360 3500 375 500 900 180 875 4000
Rip. Zone Width (m) 05 1 2 1 1 1 2 15 2
Bank Height (m) 15 0.5 1.5 15 1 1 1 15 1
Substrate composition (%)
Littoral
Boulders 0 0 0 0 0 0 0 0 0
Cobbles 0 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0
Sand 40 60 10 0 0 10 5 0 0
Silt,mud,earth 10 10 60 80 60 40 55 60 20
Leaves, plants 50 30 30 20 40 50 40 40 80
Riparian zone
Boulders 0 0 0 0 0 0 0 0 0
Cobbles 0 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0
Sand 60 60 0 0 0 0 5 0 0
Silt,mud,earth 10 10 50 20 30 20 15 40 10
Leaves, plants 30 30 50 80 70 80 80 60 90
Bank
Boulders 0 0 0 0 0 0 0 0 0
Cobbles 0 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0
Sand 0 0 0 0 0 0 5 0 0
Silt,mud,earth 50 30 40 20 20 10 15 10 10
Leaves, plants 50 70 60 80 80 90 80 90 90
Bank profile
Natural
Vertical, undercut 0 0 2 1 1 0 0 0
Vertical + toe 0 0 1 1 0 0 1 1 0
Steep 2 1 0 2 2 2 1 1 1
Composite 1 2 0 1 0 1 1
Gentle 0 0 0 0 0 0 0 0 1
Artificial
Resectioned

Reinforced whole

Reinforced part

Embanked

Poached 0 0 0 0 0 0 0 0 0




Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character
Categories: 1 = present>230%
P40 P41 P42 P43 P44 P45 P46 P47 P48

Lake vegetation
Emerg. herbs 1 1 0 2 0 2 0 1 1
Emerg. reeds, sedges 0 1 0 1 0 0 0 0 0
Rooted floating leaves 2 1 0 2 0 1 1 1 1
Free floating plants 2 2 2 0 2 1 2 1 2
Submerged plants 2 1 0 1 1 2 2 1 2
Bryophytes 0 0 0 0 0 0 0 0 0
Filamentous algae 0 0 0 0 0 0 0 0 0
Bank vegetation (%)

Bare 20 0 25 0 10 0 10 10 5
Short grass 5 20 50 20 55 65 60 30 40
Tall grass, herbs 25 25 20 50 20 15 20 35 45
Scrub 5 10 0 10 10 10 0 15

Trees 45 45 5 20 5 10 10 10 5
Trees, ass. features

Trees 4 3 1 3 1 3 3 5

Shading

Riparian roots

=

Underw. roots

Fallen trees

Overh. boughs

Woody debris

Land use wider catchment
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Village
Roads

Agriculture

O b O K
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P o O R

Pasture
Rough grass 1 1 1 1 1 1 1 1 1
Scub 1 1 1 1 1 1 1 1 1
Broad leaved forest 1 1 1 1 1 1 1 1 1
Land use within 100 m

Urban settlement 0 0 0 0 0 0 0 0 0
Isolated houses

Agriculture 0 0 1 1 1 1

Pasture 0 0 0 1 1 1 0 0 0
Rough grassland 1 1 1 1 1 1 1 1 1
Scrub 1 1 0 1 1 1 1 1 1
Broad leaved forest 1 1 0 1 0 0 0 0 0
Artificial features riparian zone

Road, path 0 0 0 0 0 0 0 0 0
Weir, dam

Management, use

Removal lake veg. 1 1 1 1 1 1 1 1 0
Removal riparian vegetation 1 1 1 1 1 1 1 1 0
Removal bank vegetation 1 1 1 1 1 1

Fish pond 1 1 1 1 1 1 1 1 1




Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character
Categories: 1 = present>230%
P49

P50 P52

P53 P54 P56 P57 P58 P59

Pond dimensions

Length (m) 40 60 70
Width (m) 25 30 50
1000 1800 3500
Rip. Zone Width (m) 15 2 3
Bank Height (m) 15 2 2.5

Substrate composition (%)

Pond area

Littoral

Boulders 0 0
Cobbles 0 0
Pebbles 0 0
Gravel 0 0
Sand 0 0
Silt,mud,earth 50 10 10
Leaves, plants 50 90 90
Riparian zone

Boulders 0 0
Cobbles 0 0
Pebbles 0 0
Gravel 0 0
Sand 0 0
Silt,mud,earth 10 30 10
Leaves, plants 90 70 90
Bank

Boulders 0 0
Cobbles 0 0
Pebbles 0 0
Gravel 0 0
Sand 0 0
Silt,mud,earth 20 30 10
Leaves, plants 80 70 90
Bank profile

Natural

Vertical, undercut 1 0 0
Vertical + toe 1 0 1
Steep 1

Composite 1

Gentle 1

Artificial

Resectioned 0 0 1
Reinforced whole

Reinforced part

Embanked 2 2 2
Poached 0 0
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Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character

Categories: 1 = present>230%

P49

P50

P52

P53 P54 P56

P57

P58 P59

Lake vegetation
Emerg. herbs
Emerg. reeds, sedges
Rooted floating leaves
Free floating plants
Submerged plants
Bryophytes
Filamentous algae
Bank vegetation (%)
Bare

Short grass

Tall grass, herbs
Scrub

Trees

Trees, ass. features
Trees

Shading

Riparian roots
Underw. roots
Fallen trees

Overh. boughs
Woody debris

Land use wider catchment

Village

Roads

Agriculture

Pasture

Rough grass

Scub

Broad leaved forest
Land use within 100 m
Urban settlement
Isolated houses
Agriculture

Pasture

Rough grassland
Scrub

Broad leaved forest

Artificial features riparian zone

Road, path
Weir, dam
Management, use
Removal lake veg.

Removal riparian vegetation
Removal bank vegetation

Fish pond
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Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character
Categories: 1 = present>230%

P62 P63 P64 P65 P66 P67 P68 P69 P70 P71
Pond dimensions
Length (m) 50 40 50 40 60 50 60 20 50 70
Width (m) 30 30 40 40 50 40 30 7 20 25
Pond area 1500 1200 2000 1600 3000 2000 1800 140 1000 1750
Rip. Zone Width (m) 15 2.5 15 2 5 2.5 3 0.5 1 25
Bank Height (m) 25 25 2.5 2 1 0.5 1 2 1 1
Substrate composition (%)
Littoral
Boulders 0 0 0 0 0 0 0 0 0 0
Cobbles 0 0 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0 0
Sand 0 0 0 0 0 0 0 0 0 0
Silt,mud,earth 90 20 95 100 10 0 30 60 40 0
Leaves, plants 10 80 5 0 90 100 70 40 60 100
Riparian zone
Boulders 0 0 0 0 0 0 0 0 0 0
Cobbles 0 0 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0 0
Sand 0 0 0 0 0 0 0 0 0 0
Silt,mud,earth 60 70 90 95 5 0 20 60 40 0
Leaves, plants 40 30 10 5 95 100 80 40 60 100
Bank
Boulders 0 0 0 0 0 0 0 0 0 0
Cobbles 0 0 0 0 0 0 0 0 0 0
Pebbles 0 0 0 0 0 0 0 0 0 0
Gravel 0 0 0 0 0 0 0 0 0 0
Sand 0 0 0 0 0 0 0 0 0 0
Silt,mud,earth 25 40 10 30 0 0 10 30 0 0
Leaves, plants 75 60 90 70 100 100 90 70 100 100
Bank profile
Natural
Vertical, undercut 0 0 0 0 0 0 0 0
Vertical + toe 0 0 0 0 0 0 2 2 2 0
Steep 1 1 1 1 1
Composite 2 2
Gentle 0 0 1 0
Atrtificial
Resectioned 0 0 0 0 0 0 0 0 0 0

Reinforced whole

Reinforced part

Embanked

Poached 1 0 1 1 0 0




Appendix: Koshi Tappu, habitat character (64 sites)

Koshi Tappu: habitat character
Categories: 1 = present>230%
P62 P63 P64 P65 P66 P67 P68 P69 P70 P71

Lake vegetation
Emerg. herbs 1 0 1 0 2 2 2 2 2 2
Emerg. reeds, sedges 0 0 0 0 1 1 1 1 1 2
Rooted floating leaves 0 0 0 0 1 1 0 0 0 0
Free floating plants 0 0 0 0 2 2 2 0 1 2
Submerged plants 1 1 0 0 2 2 1 1 0 2
Bryophytes 0 0 0 0 0 0 0 0 0 0
Filamentous algae 0 2 0 0 0 0 0 0 0 0
Bank vegetation (%)

Bare 25 15 10 30 0 0 5 15 0 0
Short grass 25 10 60 45 45 15 15 5 40 10
Tall grass, herbs 30 25 20 5 25 40 40 30 40 30
Scrub 20 45 5 5 25 40 20 20 20 30
Trees 0 5 5 15 5 5 20 30 0 30
Trees, ass. features

Trees 1 1 1 3 1 3 6 7 0 6
Shading
Riparian roots

=
[y
[any

Underw. roots
Fallen trees
Overh. boughs
Woody debris
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Land use wider catchment
Village
Roads

Agriculture
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Pasture
Rough grass 1 1 1 1 1 1 1 1 1 1

Scub 1 1 1 1 1 1 1 1 1 1
Broad leaved forest 1 1 1 1 1 1 1 1 1 1
Land use within 100 m

Urban settlement 0 0 0 0 0 0 0 0 0 0
Isolated houses 0 1 0 1 1 1 0

Agriculture 0 1 0 0 1 0 1 2 1

Pasture 1 1 1 1 1 1 0 0 1 0
Rough grassland 1 1 1 1 1 1 1 1 1 1

Scrub 1 1 1 1 1 2 1 1 1 1
Broad leaved forest 0 1 1 1 0 0 1 1 0 1
Artificial features riparian zone

Road, path 0 0 0 0 0 0 0 0 0 0
Weir, dam

Management, use

Removal lake veg. 1 1 1 1 0 0 0 0 1 0
Removal riparian vegetation 1 1 1 1 0 0 1 1 1 0
Removal bank vegetation 1 1 1 1 1 1 1 1 1

Fish pond 1 1 1 1 1 0 1 1 1 0




Koshi Tappu: surface water chemistry

Conductivity inuS/cm, Na - Zn concentrations in mg/L

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18

pH 7.44 7.7 8.8 7.9 7.8 7.8 8 8.4 8.1 7.9 8.2 8.2 8.6 7.4 7.9 7.9 6 8 79
Cond. 266 310 207 245 257 280 265 253 255 218 182 209 240 250 251 93 2 261 259
Na 3.6 3.6 3.4 3.3 3.5 3.9 3.8 3.8 3.9 3.2 3.3 3.8 4.0 4.2 3.9 38 .0 3 3.1

K 5.7 9.2 5.1 4.8 7.4 6.3 5.2 5.9 5.6 4.8 3.8 4.4 5.0 3.9 6.2 7.3 4 8. 8.0
Mg 5.1 13.0 11.7 7.9 6.9 7.1 5.6 6.3 5.4 4.2 4.3 4.1 4.8 4.5 4.6 0 7. 8.0 12.6
Ca 41.1 37.6 20.6 31.3 31.8 36.1 35.6 33.1 34.3 29.4 23.5 274 41 3 349 36.4 41.5 35.5 29.4
F 0.11 0.11 0.09 0.12 0.10 0.12 0.10 0.11 0.11 0.10 0.10 0.10 11 0. 0.13 0.12 0.10 0.07 0.08
Cl 0.7 1.4 0.5 0.4 0.9 0.6 0.4 0.5 0.4 0.3 0.2 0.5 0.4 0.2 0.5 08 .6 0 0.7
NO3 0.01 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
PO4 0.10 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
SO4 7.11 7.42 8.28 4.44 12.40 12.14 9.40 8.18 9.36 10.65 6.349.451 16.05 21.50 10.96 24.72 14.67 6.42
Si 4.5 2.4 0.8 0.5 2.8 0.4 4.3 6.3 4.4 3.5 1.7 2.3 1.0 5.0 2.7 49 8 1 11

Al 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 60.04 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Fe 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.01 001 01 0 0.01 0.01 0.01 0.01 0.01
Mn 0.25 0.25 0.01 0.01 0.00 0.01 0.00 0.02 0.01 0.29 0.03 0.04 010 0.54 0.01 0.00 0.01 0.03
Sr 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.09 0.06 0.05 0.05 0.05 .06 0 0.05 0.06 0.07 0.07 0.07
Ba 0.03 0.03 0.02 0.03 0.02 0.04 0.03 0.02 0.02 0.04 0.02 0.03 .03 0 0.02 0.04 0.04 0.04 0.02
Zn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 010 0.01 0.01 0.01 0.01 0.01

Appendix: Koshi Tappu, Surface water chemistry (64 ponds)



Koshi Tappu: surface water chemistry

Conductivity inuS/cm, Na - Zn concentrations in mg/L

P19 P21 P22 P23 P24 P25 P26 P28 P29 P31 P32 P33 P34 P35 P36 P37 P3839
pH 7.7 7 9.6 9.5 7.5 9.4 7.5 7.5 8 7.7 7.3 7.7 7.9 7.9 8.1 9 7.8 7.4
Cond. 240 74 83 100 102 85 108 100 116 119 224 272 303 298 295 240 18 3 276
Na 3.6 1.5 1.6 1.7 1.9 1.6 1.6 3.1 3.6 3.4 2.8 3.1 4.0 4.5 4.2 43 .8 3 4.4
K 5.0 2.0 18 4.1 2.6 11 4.3 2.2 2.4 2.4 0.9 5.7 7.8 8.0 7.4 7.4 8 9. 6.0
Mg 6.3 2.7 2.5 2.7 2.9 25 3.3 3.1 3.6 3.8 5.5 9.5 12.3 10.2 10.8 0.01 111 8.0
Ca 34.9 8.6 9.3 11.8 13.6 10.9 13.5 12.0 14.1 14.7 37.7 39.3 8 39. 41.0 41.0 30.7 44.5 39.9
F 0.11 0.05 0.05 0.05 0.05 0.05 0.05 0.07 0.08 0.07 0.10 0.09 12 0. 0.14 0.13 0.13 0.13 0.11
Cl 0.2 0.1 0.1 0.5 0.2 0.0 0.2 0.5 0.4 0.6 0.1 0.4 1.2 1.0 0.7 11 .7 0 0.6
NO3 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.48 0.01 0.10 0.01 0.01 0.01 0.01
PO4 0.01 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01
SO4 7.65 5.21 6.80 4.20 2.22 2.34 1.72 6.94 6.55 6.62 4.68 510.2 19.73 23.41 13.34 12.86 15.08 16.45
Si 1.5 0.1 0.2 0.1 1.3 0.6 0.4 2.6 2.9 2.5 3.4 0.7 0.8 6.5 1.3 41 6 3 1.9
Al 0.005 0.005 0.022 0.007 0.005 0.009 0.005 0.005 0.005 $.00 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Fe 0.05 0.10 0.01 0.08 0.14 0.01 0.05 0.01 0.01 0.01 0.01 001 01 0 0.01 0.01 0.01 0.01 0.01
Mn 0.06 0.01 0.00 0.01 0.05 0.00 0.04 0.01 0.04 0.02 0.02 0.03 .36 0 0.02 0.07 0.00 0.03 0.07
Sr 0.07 0.02 0.02 0.03 0.03 0.03 0.04 0.04 0.04 0.05 0.06 0.07 .09 0 0.08 0.08 0.07 0.09 0.08
Ba 0.02 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.03 .04 0 0.04 0.02 0.03 0.04 0.03
Zn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 010 0.01 0.01 0.01 0.01 0.01

Appendix: Koshi Tappu, Surface water chemistry (64 ponds)



Koshi Tappu: surface water chemistry

Conductivity inuS/cm, Na - Zn concentrations in mg/L

P40 P41 P42 P43 P44 P45 P46 P47 P48 P49 P50 P52 P53 P54 P56 P57 PS859
pH 7.7 7.8 1.7 7.9 8 7.8 7.8 8.1 7.5 7.9 8.5 8.5 8.1 8.1 8.6 8.4 8 .110
Cond. 275 257 293 317 324 382 375 355 254 284 224 217 350 304 260 34 3 339 114
Na 3.9 3.8 3.0 3.1 4.1 4.8 6.1 4.8 3.3 3.1 4.2 3.3 4.3 3.5 3.1 38 .6 3 3.0
K 6.4 4.9 0.8 8.8 8.7 9.1 4.4 8.8 0.8 8.9 7.5 5.2 10.7 7.3 5.9 86 .2 7 1.9
Mg 8.5 6.7 7.6 9.5 12.5 11.8 17.1 11.2 6.0 131 6.8 6.3 10.6 78 0 7 111 8.5 2.8
Ca 40.6 39.8 49.6 46.8 44.6 57.1 51.0 51.3 42.2 34.0 26.7 314 005 471 40.3 50.2 53.9 10.9
F 0.12 0.13 0.13 0.13 0.11 0.13 0.19 0.12 0.12 0.08 0.17 0.16 22 0. 0.09 0.10 0.10 0.13 0.07
Cl 0.5 0.2 0.5 0.8 11 1.1 0.3 1.4 0.0 0.9 0.7 0.3 0.5 0.8 0.6 06 50 0.5
NO3 0.01 0.01 0.01 0.85 0.01 0.01 0.01 0.01 0.01 0.10 0.01 0.01 0.07 0.01 0.01 0.65 0.01 0.01
PO4 0.01 0.04 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
SO4 9.12 7.57 13.08 13.04 19.58 10.25 15.19 14.48 7.84 9.07 .2032 431 27.06 15.54 21.37 34.60 26.05 7.49
Si 1.9 1.3 1.7 0.8 2.5 4.3 1.9 2.1 2.0 0.5 2.2 3.4 3.8 4.2 1.7 33 .7 3 14
Al 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 $.00 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.020
Fe 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.11 001 01 0 0.01 0.01 0.01 0.01 0.01
Mn 0.07 0.17 0.00 0.04 0.00 0.13 0.04 0.10 0.00 0.03 0.09 0.06 .00 0 0.10 0.01 0.02 0.16 0.00
Sr 0.07 0.07 0.07 0.08 0.08 0.10 0.10 0.10 0.07 0.07 0.07 0.08 .15 0 0.07 0.07 0.11 0.12 0.04
Ba 0.03 0.02 0.03 0.03 0.04 0.03 0.03 0.03 0.02 0.03 0.02 0.03 .05 0 0.03 0.03 0.04 0.05 0.00
Zn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 010 0.01 0.01 0.01 0.01 0.01

Appendix: Koshi Tappu, Surface water chemistry (64 ponds)



Koshi Tappu: surface water chemistry

Conductivity inuS/cm, Na - Zn concentrations in mg/L

P62 P63 P64 P65 P66 P67 P68 P69 P70 P71
pH 8.1 8.8 8.4 8.6 7.5 7.4 7.6 7.8 8 9.2
Cond. 313 289 343 308 209 234 309 331 341 173
Na 4.1 3.0 3.6 3.6 3.5 3.5 3.7 4.6 5.1 3.5
K 11.3 101 9.7 8.1 3.0 12.7 3.3 7.5 8.9 4.5
Mg 111 121 9.8 7.6 4.6 4.5 7.9 13.7 8.6 6.6
Ca 40.6 34.8 51.1 47.1 31.8 30.0 49.6 43.4 48.7 21.6
F 0.21 0.10 0.13 0.11 0.12 0.12 0.13 0.19 0.18 0.17
Cl 0.7 0.6 0.7 1.0 0.1 1.9 0.1 0.6 0.8 0.3
NO3 0.01 0.13 0.01 0.47 0.01 0.05 0.01 0.01 0.01 0.01
PO4 0.01 0.01 0.01 0.01 0.01 0.09 0.01 0.01 0.01 0.01
SO4 17.07 36.73 23.84 18.01 9.27 3.33 8.70 3.24 40.02 2.11
Si 1.7 21 4.7 3.9 1.9 1.5 3.0 0.1 2.1 1.8
Al 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 50.00
Fe 0.01 0.01 0.01 0.01 0.05 0.05 0.01 0.01 0.01 0.01
Mn 0.00 0.01 0.01 0.01 0.05 0.15 0.04 0.04 0.40 0.06
Sr 0.12 0.08 0.11 0.08 0.05 0.05 0.08 0.10 0.08 0.06
Ba 0.04 0.01 0.05 0.04 0.02 0.03 0.03 0.03 0.02 0.01
Zn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Appendix: Koshi Tappu, Surface water chemistry (64 ponds)



Koshi Tappu: interstitial water chemistry

Na - Zn concentrations in mg/L

P2 P3 P5 P6 P7 P8 P11 P12 P13 P15 P16 P17 P18 P19 P31 P32 P33 P34

Na 7.3 6.0 5.1 7.6 6.6 4.1 5.0 6.3 5.5 5.5 4.6 3.9 4.1 5.8 4.7 32 2 5 4.7

K 9.6 6.1 7.5 6.5 6.1 6.1 4.2 4.9 5.6 6.7 7.4 8.5 8.6 6.5 3.3 1.4 6 6. 79

Mg 12.0 11.0 6.5 6.3 6.2 6.1 4.2 3.8 4.6 4.3 6.8 7.7 12.7 6.6 41 1 5 108 11.2
Ca 38.6 28.1 38.2 41.9 47.9 40.4 31.4 29.5 36.6 39.1 47.4 42.0 5.7 4 46.2 17.3 40.3 52.2 40.5
F 0.13 0.09 0.10 0.13 0.11 0.12 0.12 0.11 0.11 0.12 0.11 0.07 06 0. 0.09 0.08 0.11 0.08 0.11
Cl 2.4 1.7 1.7 2.4 1.3 0.9 1.2 1.6 1.1 1.3 1.3 11 1.4 1.1 13 04 90 1.3
NO; 0.03 0.03 3.01 0.03 0.03 0.03 0.45 2.20 0.03 0.03 0.08 0.03 3 0.0 0.03 0.72 0.03 0.03 0.03
POy-sol 0.34 0.15 0.26 0.75 0.58 0.74 0.19 0.19 0.31 0.08 0.18 0.18 2 0.1 0.35 0.04 0.14 0.15 0.45
SO, 11.05 9.96 5.25 4.79 3.98 4.58 7.22 19.88 11.16 10.89 15.84 26 7. 2.84 4.00 8.58 6.00 5.02 8.41
Si 4.4 2.0 5.3 7.6 8.9 11.0 2.7 2.4 2.9 3.1 7.3 3.8 4.5 54 3.4 3.4 3.0 4.7

Al 1.428 0.788 0.286 0.137 0.287 0.292 0.136 0.034 0.279 70.05 0.181 0.033 0.155 0.423 1121 0.056 0.125 0.574
Fe 151 0.83 1.01 1.59 2.44 1.93 0.43 0.18 1.93 0.14 2.71 085 .75 1 254 0.55 0.09 0.29 2.28
Mn 0.82 0.39 4.21 6.09 3.12 1.49 0.54 0.29 1.51 0.32 2.12 1.04 081 1.45 0.04 0.04 0.60 6.10
Sr 0.07 0.07 0.06 0.06 0.07 0.09 0.05 0.05 0.06 0.06 0.08 0.07 .09 0 0.08 0.05 0.07 0.09 0.09
Ba 0.07 0.10 0.07 0.17 0.27 0.10 0.12 0.13 0.12 0.34 0.14 0.14 .09 0 0.19 0.03 0.08 0.13 0.12
Zn 0.06 0.43 0.02 0.06 0.13 0.01 0.02 0.04 0.05 0.05 0.06 0.02 .030 0.03 0.02 0.02 0.03 0.03

Appendix: Koshi Tappu, interstitial water chemistry



Koshi Tappu: interstitial water chemistry

Na - Zn concentrations in mg/L

P35 P36 P37 P38 P39 P40 P41 P42 P43 P44 P45 P46 P47 P49 P53 P54 PS857
Na 7.5 6.0 5.5 4.4 5.6 5.1 5.2 3.7 3.9 5.2 5.5 6.9 5.8 4.2 5.8 41 .0 4 47
K 8.8 8.9 11.0 10.1 9.5 7.8 5.7 1.7 10.6 10.2 8.8 5.7 9.5 9.3 12.6 6.7 7.0 10.1
Mg 9.6 10.5 9.6 9.8 7.9 7.9 6.1 7.0 9.1 11.2 12.0 15.2 10.6 129 001 6.5 7.1 115
Ca 43.9 53.7 36.6 47.4 44.5 44.0 39.0 47.2 52.4 54.1 56.3 55.1 93 4 34.2 45.8 35.9 39.7 50.8
F 0.13 0.12 0.12 0.13 0.10 0.11 0.14 0.12 0.13 0.11 0.12 0.13 11 0. 0.08 0.21 0.05 0.11 0.08
Cl 2.1 15 3.1 1.0 2.5 1.1 1.0 0.7 1.5 1.7 1.3 0.8 1.9 1.2 2.0 10 11 0.9
NO; 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 1.16 0.95 0.03 0.03 3 0.0 0.03 0.03 0.03 0.03 0.03
POy-sol 0.35 0.68 0.31 0.23 0.61 0.56 0.17 0.17 0.07 0.85 0.23 032 8 0.3 0.20 0.12 0.08 0.22 0.70
SO, 10.29 5.37 3.37 5.52 4.57 6.74 10.87 10.69 5.03 3.69 4.11 7.11 6.68 2.56 23.35 7.42 11.20 8.33
Si 8.1 10.9 6.5 5.3 7.4 3.8 2.5 2.8 4.5 9.0 5.9 5.8 6.8 3.2 4.9 51 43 7.1
Al 0.335 0.325 0.633 0.199 0.415 0.121 0.335 0.144 0.261 40.23 0.229 0.143 0.058 0.067 0.112 0.027 0.244 0.136
Fe 1.36 2.28 1.59 0.70 5.13 1.07 0.52 0.71 2.42 3.04 1.65 233 .16 2 0.67 0.59 0.28 1.77 2.20
Mn 2.19 4.52 2.25 2.08 3.42 2.27 2.25 1.09 4.65 7.93 2.02 192 153 0.41 141 0.52 1.67 5.10
Sr 0.09 0.09 0.07 0.09 0.09 0.08 0.06 0.07 0.09 0.08 0.10 0.11 .10 0 0.08 0.14 0.08 0.08 0.12
Ba 0.81 0.17 0.09 0.09 0.12 0.21 0.13 0.09 0.16 0.14 0.15 0.15 140 0.13 0.14 0.08 0.10 0.14
Zn 0.03 0.03 0.01 0.01 0.03 0.01 0.01 0.02 0.02 0.02 0.01 001 .010 0.01 0.02 0.01 0.02 0.01

Appendix: Koshi Tappu, interstitial water chemistry



Koshi Tappu: interstitial water chemistry

Na - Zn concentrations in mg/L

P58 P62 P63 P64 P65
Na 4.2 5.2 4.6 5.1 5.1
K 7.2 12.7 11.3 11.2 9.1
Mg 6.6 12.0 12.2 10.7 7.9
Ca 40.3 70.3 43.0 56.1 50.7
F 0.12 0.17 0.09 0.12 0.11
Cl 1.0 1.2 1.3 1.4 1.6
NO; 0.03 0.03 0.03 0.03 0.13
POy-sol 0.29 0.20 0.16 0.17 0.12
SO, 8.37 6.94 16.41 13.55 20.01
Si 5.7 5.6 3.4 6.1 4.3
Al 0.161 0.261 0.096 0.115 0.062
Fe 3.14 5.52 0.31 0.93 0.26
Mn 1.77 2.02 0.43 1.60 0.48
Sr 0.10 0.17 0.09 0.12 0.09
Ba 0.14 0.22 0.10 0.15 0.08
Zn 0.02 0.04 0.01 0.01 0.01

Appendix: Koshi Tappu, interstitial water chemistry



Appendix: % abundance of diatoms from Gosainkund lakes

Gosainkunda lakes 2000: relative abundances of diain taxa on stones
L1sto L2sto  L3/2sto L4sto L5sto L6sto L7sto

Achnlate 0.0 0.0 0.3 0.0 0.0 0.0 1.6
Achnbior 0.4 0.2 0.0 0.3 0.0 0.0 0.0
Achncari 0.0 1.0 0.0 0.0 0.7 0.0 0.0
Achnsp4 35 2.2 2.5 5.0 6.7 0.0 1.3
Achndist 1.0 0.5 0.6 2.1 4.1 0.4 1.6
Achncfli 11.6 18.7 4.0 13.1 0.0 16.9 21.9
Achncfma 6.0 3.2 0.6 8.8 4.1 1.7 8.2
Achnminu 12.7 32.8 26.1 10.2 7.0 65.0 31.7
Achncfre 0.0 0.0 1.2 0.0 0.0 0.0 0.0
Achncfsc 3.9 2.0 0.9 2.2 7.4 0.9 2.4
Achnsuba 0.6 1.0 11.5 8.7 13.5 0.0 2.9
Achnsp2 2.9 1.9 0.0 0.7 12.0 0.6 0.8
Anombrac 6.7 1.7 0.3 2.4 0.4 1.3 0.5
Aulaspl 9.1 5.1 3.7 27.2 15.5 21 8.7
Aulasp2 1.7 0.0 0.0 0.0 0.0 0.0 0.0
Cymbsp2 0.2 0.2 0.0 2.2 0.0 0.0 0.0
Diathyem 0.0 0.0 0.3 0.0 0.0 0.0 0.0
Diatmeso 0.0 0.9 0.0 1.7 0.4 0.0 0.5
Encyminu 0.6 0.5 8.1 0.5 1.7 0.6 2.4
Eunobilu 1.9 4.1 0.0 2.8 0.0 0.0 0.0
Eunomino 0.0 0.3 0.0 0.0 0.0 0.4 0.0
Eunomutr 1.3 4.3 0.6 1.7 0.9 0.4 0.8
Eunonyma 0.0 0.2 0.0 0.0 0.0 0.0 0.0
Eunosuba 0.0 0.0 0.6 0.0 0.0 0.0 0.0
Eunospl 2.3 3.6 0.0 1.9 0.0 0.8 0.0
Eunosp2 1.7 0.3 0.0 0.0 0.0 0.0 0.5
Pseubrev 0.0 0.0 0.6 0.0 0.0 0.0 0.0
Staucfcv 0.6 0.3 16.5 2.4 9.4 0.0 0.0
Fragcfde 0.0 0.0 0.6 0.0 0.0 0.0 0.0
Fragexig 14.8 1.0 2.5 0.2 3.1 15 4.0
Staucfpi 0.0 0.0 5.9 0.2 0.6 0.0 0.0
Fragtene 0.0 0.0 0.0 0.0 0.0 1.1 0.0
Frusrhcr 3.1 0.2 0.0 0.3 0.4 0.0 0.0
Gompcfcy 0.0 0.0 0.0 0.0 0.0 0.8 0.0
Gompgrac 0.4 0.0 0.0 0.0 0.0 1.9 0.5
Gompparv 0.0 0.0 0.0 0.0 0.0 0.0 1.3
Gomppaex 0.8 3.1 2.2 0.2 0.4 0.0 0.0
Gompspl 0.0 1.0 1.2 0.0 0.0 0.0 0.0
Navisp3 1.0 1.2 2.5 1.0 54 0.8 0.8
Navimedi 2.3 0.2 0.0 0.0 0.0 0.0 0.0
Navicfob 15 0.0 0.0 0.0 0.0 0.0 0.0
Navisemi 0.0 0.3 2.2 0.0 0.0 0.0 0.0
Navicfse 0.0 0.0 0.0 0.0 0.4 0.0 0.0
Navicfsc 0.0 15 0.0 0.2 0.0 0.4 0.0
NaviD79 0.0 1.2 0.0 0.0 2.4 0.0 0.0
Neidspl 15 0.5 0.0 0.5 0.0 0.0 0.0
Nepagosa 2.7 0.0 0.9 0.0 0.0 0.4 6.6
Nitzperm 0.6 0.2 0.0 0.0 18 0.0 0.0
Sellpupu 0.0 1.0 0.0 0.0 0.0 0.0 0.0
Stendeli 0.6 0.0 0.0 0.2 0.0 0.0 0.0

Tabefloc 1.7 2.2 1.6 1.7 0.2 1.1 0.5




Appendix: Gosainkund lakes 2000, species codes

Gosainkunda 2000: species codes

Achnlate =Achnanthidium latecephalum
Achnbior =Psammothidium bioretii
Achncari =Achnanthes carissima
Achnsp4 =Achnanthes(cf. chlidanos)sp.4
Achndist =Achnanthes distincta

Achncfli = Achnanthe<cf. linearis

Achncfma =Psammothidiuntf. marginulatum

Achnminu =Achnanthidium minutissimum
Achncfre =Achnanthescf. rechtensis
Achncfsc =Psammothidiuncf. scoticum
Achnsuba #Psammothidium subatomoides
Achnsp2 =Achnanthessp.2

Anombrac SAnomoeoneis brachysira
Aulaspl =Aulacoseirasp.1l

Aulasp2 =Aulacoseirasp.2

Cymbsp2 =Cymbellasp.2

Diathyem =Diatoma hyemalis

Diatmeso =Diatoma mesodon

Encyminu =Encyonema minutum
Eunobilu =Eunotia bilunaris

Eunomino =Eunotia minor

Eunomutr =Eunotia muscicolav. tridentula
Eunonyma =Eunotia nymanniana
Eunosuba £unotia subarcuatoides
Eunospl =*Eunotia sp.1

Eunosp2 =Eunotia sp.2

Pseubrev Pseudostaurosira brevistriata
Staucfcv =Staurosiracf. construensv. venter
Fragcfde =Fragilaria cf. delicatissima
Fragexig Fragilaria exigua

Staucfpi =Staurosirellacf. pinnata

Fragtene Fragilaria tenera

Frusrhcr =Frustulia rhomboidesy. crassinervia
Gompcfcy =Gomphonemaf. cymbelliclinum
Gompgrac =Gomphonemacf. gracile
Gompparv =Gomphonema parvulum
Gompexil =Gomphonema parvulun. exilissimum
Gompspl Somphonemasp.1

Navisp3 =Navicula (cf. digitulus) sp.3
Navimedi ®Navicula mediocris

Navicfob =Navicula cf. obsoleta

Navisemi Sellaphora seminulum

Navicfse =Sellaphoracf. seminulum
Navicfsc =Navicula cf. schmassmanii
NaviD79 =Navicula sp.D79

Neidspl =Neidiumsp.1

Nepagosa Nepalia gosainkundensis
Nitzperm =Nitzschia perminuta

Sellpupu =Sellaphora pupula

Stendeli =Stenopterobia delicatissima

Tabefloc =Tabellaria flocculosa




Appendix: % abundance of diatoms from Gosainkund lakes, 2003

Gosainkunda lakes 2003: relative abundances of diatn species
L1sto Llsan L2sto L2san L3/1sto L3/lsan L3/2sto L3/2sed 2ifdc L4sto L4sed

Achnbior 1.7 4.5 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.6 0.0

Achnsp4 1.7 29.5 13 18 11 12.9 6.1 7.0 15 53 5.8
Achndefl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Achndist 5.0 2.8 2.6 6.2 11 8.8 10.2 4.4 0.0 5.8 3.2
Achncfkr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Achncfli 10.9 0.0 10.5 3.3 2.8 0.6 3.2 0.0 0.0 0.0 0.0

Achncfma 16.0 40.6 10.1 13.3 3.4 27.4 40.1 73.5 3.6 7.8 12
Achnminu 17.6 0.3 47.9 62.7 65.4 221 15.2 0.0 72.6 5.0 24.3
Achncfsc 17 8.2 0.0 3.8 2.0 2.1 0.0 10.8 12 1.4 4.1
Achnsuba 0.0 0.0 0.9 4.4 0.3 0.0 2.9 0.0 0.3 3.3 5.6
Achnsp2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.4
Amphliby 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Anombrac 7.6 0.3 2.8 0.9 0.0 15 0.9 1.5 0.0 14 0.0
Aulacfal 0.0 0.0 0.0 0.0 11 0.0 3.8 0.3 0.6 46.0 9.4

Aulacfit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Aulaspl 0.0 0.0 3.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcfdi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Cratcfsv 0.0 17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diathyem 0.0 0.0 0.0 0.0 0.3 0.9 0.0 0.0 0.0 11 0.0
Diatmeso 0.8 0.0 0.0 0.3 14 0.6 0.6 0.0 0.0 5.0 0.0
Encyctkr 0.0 0.3 13 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Encycflu 5.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Encyminu 0.8 0.0 0.7 0.0 7.3 2.9 1.2 0.0 2.1 1.9 0.6
Encysile 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunocfca 0.0 11 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.6 0.0
Eunoinci 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunonaeg 0.0 0.0 0.0 0.0 0.3 3.2 0.3 0.0 0.0 0.0 0.0
Eunocfna 3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunomino 0.8 0.0 0.2 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0
Eunomutr 5.9 0.9 2.9 0.9 0.3 18 0.6 0.0 12 0.8 0.0
Eunonyma 12.6 3.7 0.0 0.0 0.0 0.0 0.6 1.7 0.0 0.3 0.0
Eunocfpt 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunosuba 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunospl 17 0.0 0.2 0.0 0.3 1.8 0.0 0.0 0.3 0.8 0.0
Fragbrev 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucfcv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11 31.3
Fragexig 2.5 0.0 2.0 0.0 0.0 0.0 1.2 0.0 0.0 14 0.0
Fragdeli 0.0 0.0 0.0 0.0 0.0 0.0 2.3 0.0 0.0 0.0 0.0
Fragcfde 0.0 0.0 0.0 0.6 3.4 3.2 0.0 0.0 9.4 0.0 0.0
Staucfpi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11 0.0
Fragpseu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompcfcy 0.0 0.0 2.4 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompaex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11 0.0
Gompcfgr 0.0 0.0 0.0 0.0 2.3 0.9 0.0 0.0 0.0 0.6 0.0
Gompparv 0.0 0.0 0.0 0.0 0.8 0.3 12 0.0 0.9 0.0 0.0
Navicfmi 0.0 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Sellsemi 0.0 0.0 11 0.0 0.0 0.3 0.0 0.3 0.0 0.0 0.0
Navisp3 0.8 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.3 6.1 4.7
Neidcfal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Nepagosa 0.0 0.0 0.2 0.0 3.9 0.3 12 0.0 0.0 0.0 0.0
Nitzperm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0
Opepolse 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Opopcfol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnsubg 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0
Planlabi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucfan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stendeli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Suricfli 0.0 3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tabefloc 0.8 0.0 6.6 1.2 1.1 4.1 6.1 0.3 4.9 1.1 0.0




Appendix: % abundance of diatoms from Gosainkund lakes, 2003

Gosainkunda lakes 2003: relative abundances of dian species
L5sto L5san L5sed L6sto L7sto L7sed L8sto L8sed L9sto L9sed 9mdc L10sto

Achnbior 0.3 12 0.0 0.0 0.0 0.3 1.2 0.0 0.6 0.0 0.0 1.0
Achnsp4 11.5 13.1 6.2 1.9 4.4 37.9 12.4 24 6.9 53.6 5.1 12.7
Achndefl 0.0 0.0 0.0 0.0 4.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Achndist 7.4 16.9 2.2 0.0 4.4 21.7 0.3 0.3 0.0 0.0 0.0 1.0
Achncfkr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 21 0.0 0.0 0.0 0.0
Achncfli 0.3 0.0 0.0 17.8 13.9 12 0.0 0.0 3.2 0.0 6.0 5.9
Achncfma 7.4 16.0 31 3.7 9.4 16.8 38.1 0.0 26.5 36.8 20.6 4.9
Achnminu 7.1 2.6 5.0 44.9 14.7 3.4 4.7 6.8 2.0 0.0 0.9 8.8
Achncfsc 2.7 5.8 5.6 0.0 1.9 11.0 2.9 0.0 0.0 0.0 0.3 2.0
Achnsuba 3.3 10.8 3.1 0.0 0.0 0.0 3.2 15 14 0.0 0.0 0.0
Achnsp2 7.1 2.6 5.3 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0
Amphliby 0.9 0.0 0.0 0.0 0.0 0.0 15 4.2 0.0 0.0 0.0 0.0
Anombrac 0.6 0.6 0.0 0.0 8.3 0.6 0.6 0.3 10.7 0.9 25.3 1.0
Aulacfal 15.1 17.8 51.4 11.2 3.1 0.6 5.0 0.6 2.3 0.6 6.3 3.9
Aulacfit 0.0 0.0 0.0 0.0 3.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aulaspl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cratcfdi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.7 0.0 0.0
Cratcfsv 0.0 0.0 0.6 0.0 0.6 0.0 0.0 0.0 0.9 0.0 0.0 1.0
Diathyem 21 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0
Diatmeso 3.6 0.6 0.6 2.8 2.8 0.0 0.3 0.0 0.0 0.3 0.3 24.5
Encycfkr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.2 0.0 0.0 0.0
Encycflu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Encyminu 3.6 1.7 0.3 0.9 0.8 0.0 18 7.1 0.0 0.0 0.0 1.0
Encysile 0.3 0.0 0.0 0.0 0.0 0.0 0.0 1.8 0.0 0.0 0.0 0.0
Eunocfca 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 55 25 0.6 0.0
Eunoinci 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 2.0
Eunonaeg 0.0 0.0 0.0 0.0 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Eunocfna 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0
Eunomino 0.0 0.0 0.0 0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.3 0.0
Eunomutr 0.9 0.0 0.0 0.0 0.0 0.0 0.3 0.0 115 0.9 7.3 20.6
Eunonyma 0.0 0.0 0.0 1.9 0.6 0.3 0.0 0.0 29 0.6 13 0.0
Eunocfpt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eunosuba 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.3 0.0 0.0 0.0
Eunospl 0.3 0.3 0.0 0.0 0.6 0.0 0.0 0.0 8.4 0.0 7.3 6.9
Fragbrev 15 0.0 0.0 0.0 0.0 0.0 4.4 7.1 0.0 0.0 0.0 0.0
Staucfcv 7.1 35 3.1 0.0 11 0.0 2.7 21 0.3 0.0 0.0 0.0
Fragexig 3.6 0.0 1.6 0.9 8.6 0.9 0.9 12 0.0 0.0 0.0 0.0
Fragdeli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fragcfde 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staucfpi 1.2 2.0 0.9 0.0 0.0 0.0 5.9 3.0 0.0 0.0 0.0 0.0
Fragpseu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15 0.0 0.0 0.0 0.0
Gompcfcy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompaex 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0
Gompcfgr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gompparv 0.3 0.0 0.0 1.9 0.0 0.3 0.0 0.9 0.0 0.0 0.0 0.0
Navicfmi 0.3 0.0 0.0 0.0 0.0 21 0.0 0.0 0.0 0.0 0.0 0.0
Sellsemi 0.6 0.0 0.9 0.0 0.0 0.0 0.9 0.0 2.0 0.0 0.6 0.0
Navisp3 6.8 2.6 6.9 0.0 14 0.0 2.7 9.2 0.0 0.0 0.6 0.0
Neidcfal 0.0 0.0 19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nepagosa 0.0 0.0 0.0 6.5 8.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0
Nitzperm 0.0 0.9 0.3 0.0 11 0.0 0.6 0.9 0.3 0.0 0.3 0.0
Opepolse 0.0 0.0 0.0 0.0 0.0 0.0 7.4 455 0.0 0.0 0.0 0.0
Opopcfol 3.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinnsubg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Planlabi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15 0.0 0.0 0.0 0.0
Staucfan 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0
Stendeli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14 0.0 0.0 0.0
Suricfli 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tabefloc 0.3 0.3 0.0 5.6 0.8 0.3 0.0 0.0 1.2 0.0 16.8 1.0




Appendix: Gosainkund lakes 2003, Species codes

Gosainkunda 2003: species codes

Achnbior =Psammothidium biore
Achnsp4 =Achnanthe (cf. chlidanos)sp.4
Achndefl =Achnanthes deflext

Achndist =Achnanthes distinc

Achncfkr =Achnanthe cf. kranzii
Achncfli = Achnanthe cf. linearis
Achncfma =Psammothidiur cf. marginulatun
Achnminu =Achnanthidium minustissimt
Achncfsc =Psammothidiur cf. scoticun
Achnsuba =Psammothidium subatomoic
Achnsp2 =Achnanthe sp.z

Amphliby = Amphora libyci

Anombrac =Anomoeoneis brachysi
Aulacfal =Aulacoseir: cf. alpigene
Aulacfit = Aulacoseir: cf. italica

Aulaspl =Aulacoseir: sp.]

Cratcfdi =Craticula cf. dissociat:
Cratcfsv =Craticula cf. sverirschopka
Diathyem =Diatoma hyemali

Diatmeso =Diatoma mesodc

Encycfkr =Encyonopsi cf. kriegeri
Encycflu =Encyonem cf. lunatun
Encyminu =Encyonema minutu

Encysile =Encyonema silesiact
Eunocfca =Eunotie cf. carolina

Eunoinci =Eunotia incisi

Eunonaeg -Eunotia naegel

Eunocfna =Eunotic cf. naegeli
Eunomino =Eunotia mino

Eunomutr =Eunotia muscicol v. tridentule

Eunonyma =Eunotia nymanniar

Eunocfpt =Eunotie cf. paludos: v. trinacria
Eunosuba -Eunotia subarcuatoidi

Eunospl =Eunotia sp.]

Fragbrev =Pseudostaurosira brevistria
Staucfcv =Staurosire cf. construen v. ventel
Fragexig =Fragilaria exigue

Fragdeli =Fragilaria delicatissimi

Fragcfde =Fragilaria cf. delicatissimi
Staucfpi =Staurosirellacf. pinnate
Fragpseu -Fragilaria pseudoconstruel
Gompcfcy =Gomphonenr cf. cymbelliclinun
Gompaex : Gomphonema parvull v. exilissimun
Gompcfgr =Gomphonerr cf. gracile
Gompparv =Gomphonema parvull
Navicfmi =Navicule cf. minuscul:

Sellsemi =Sellaphora seminulu

Navisp3 =Navicule (cf. digitulus) sp.<
Neidcfal =Neidiurr cf. alpinun

Nepagosa :Nepalia gosainkunden:
Nitzperm =Nitzschia perminut

Opepolse =Opephora olsen

Opopcfol =Opephor: cf. olseni

Pinnsubg =Pinnularia subgibb

Planlabi =Planothidium lanceolal ssp.biporome
Staucfan =Stauronei cf. ancep:

Stendeli =Stenopterobia delicatissir

Suricfli = Surirella cf. linearis

Tabefloc =Tabellaria flocculos




Appendix: Gosainkund lakes 2000 & 2003, water chemistry

Habitat character
Categories: 1 = present>230%

Gosainkund lakes 2000
L1 L2 L3/2 L4 L5 L6 L7

Sustrate composition (%)

Littoral

Boulders 20 45 5 40 5 20 20
Cobbles 40 45 25 40 20 35 40
Pebbles 30 10 20 15 25 35 20
Gravel 10 0 30 5 25 10 20
Sand 0 0 20 0 25 0 0
Silt,mud,earth 0 0 0 0 0 0 0
Bank profile

Vertical, undercut 0 0 0 0 0 0 1
Vertical + toe 0 0 1 0 0 0 0
Steep 1 0 1 0 0 1 1
Composite 1 1 1 1 1 1 1
Gentle 2 2 1 2 2 1 0
Land use within 100 m

Isolated houses 0 0 0 0 0 0 0
Agriculture 0 0 0 0 0 0

Pasture 0 0 0 0 0 0 0
Rough grassland 1 1 2 1 2 1 1
Scrub 0 0 0 0 0 0 0
Broad leaved forest 0 0 0 0 0 0 0
Alpine tundra 2 1 1 1 2 2 1
Boulder fields 2 2 1 2 2 2 2

Gosainkund lakes 2003
L1 L2 L3/1 L322 L4 L5 L6 L7 L8 L9 L10

Sustrate composition (%)

Littoral

Boulders 25 0 5 5 25 5 25 20 5 5 30
Cobbles 30 5 20 20 40 25 25 30 20 50 40
Pebbles 25 20 10 20 30 30 20 20 15 30 20
Gravel 15 40 20 30 25 20 10 10 20 5 10
Sand 5 35 40 30 0 20 20 20 35 10 0
Silt,mud,earth 0 0 5 5 25 0 0 0 5 0 0
Bank profile

Vertical, undercut 0 0 0 0 0 0 0 0 0 0 0
Vertical + toe 0 0 0 0 0 0 0 1 0 0 0
Steep 0 1 2 0 0 1 1 1 0 1 1
Composite 1 1 1 2 1 1 1 1 2 1 1
Gentle 2 2 0 1 2 1 1 0 1 1 1
Land use within 100 m

Isolated houses 0 0 1 0 0 0 0 0 0 0 0
Agriculture 0 0 0 0 0 0 0 0 0 0 0
Pasture 0 0 0 0 0 0 0 0 0 0 0
Rough grassland 1 1 2 2 2 2 1 2 2 1 1
Scrub 0 0 0 0 0 0 0 0 0 0 0
Broad leaved forest 0 0 0 0 0 0 0 0 0 0 0
Alpine tundra 2 2 1 2 2 2 2 1 2 2 2

Boulder fields 2 2 1 1 2 2 2 1 1 2 2




Appendix: Gosainkund lakes 2000/2003, water chemistry

Water chemistry
Conductivity inuS/cm, Na - SQconcentrations in mg/L

Gosainkunda lakes 2000
L1 L2 L3/2 L4 L5 L6 L7

pH 7.2 7.2 7.6 7.2 7.4 7.4 7.6
Cond 3.1 6.7 86 123 115 6.8 9.1
Na 0.0 0.2 0.3 0.4 0.4 0.2 0.3
K 0.3 0.0 0.3 0.2 0.4 0.2 0.1
Mg 0.1 0.1 0.2 0.2 0.2 0.1 0.2
Ca 0.3 0.6 0.9 11 1.1 0.6 0.9
Cl 0.0 0.0 0.0 0.1 0.0 0.0 0.1
Total N 0.06 0.04 005 010 0.09 0.06 0.07
SO, 024 081 142 181 188 065 120

Gosainkunda lakes 2003
L1 L2 L3/1 L3/2 L4 L5 L6 L7 L8 L9 L10

pH 6.9 6.1 7.3 7.1 6.2 6.2 6.5 6.5 7.4 6.9 6.4
Cond 5 5 10 9 11 7 7 10 9 6 5

Na 0.2 0.4 0.4 0.4 0.3 0.2 0.2 0.4 0.3 0.2 0.2
K 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Mg 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.2 0.2 0.1 0.1
Ca 0.5 0.9 11 1.0 1.0 0.8 0.8 1.1 0.9 0.6 0.5
Cl 0.1 0.0 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.0

Total N 0.0 0.08 013 009 010 014 012 009 014 012 0.10
SO, 035 089 116 121 118 072 068 121 0.87 0.38 0.29
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