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Abstract

Large populations of the threadleaf water-crowfoot, Ranunculus trichophyllus, were dis-
covered in several high-altitude lakes in the Himalayas of Nepal in which the species did
not occur as recently as 1987. One of the study lakes, at 4760 m, is the highest altitude
from which an aquatic angiosperm has been reported. A canonical discriminant analysis
suggests that the key environmental factors differing between vegetated and non-vegetated
lakes among a chain of five interconnected water bodies are length of the ice-free season,

conductivity, non-volatile suspended solids, and bicarbonate. We believe, however, that

an increased length of the ice-free season is likely the controlling factor in the recent inva-

sion by Ranunculus trichophyllus. Its range expansion is likely a signal of a warming
alpine climate in our study area.

Introduction

Evidence is accumulating in many regions of warming climate and
biological responses to this environmental change, including latitudinal
and altitudinal shifts of the distributions of certain animals and plants, as
well as phenological changes (IPCC, 2001; Poff et al., 2002; Walther
et al., 2002). In the Himalayan region, surface warming of the atmo-
sphere has been shown over the past three decades (Shrestha et al.,
1999; WWF Nepal Program, 2005, and references therein), but there
have been few documented biological responses (Lami et al., 1998).

The presence and species richness of biodiversity in alpine aquatic
environments are limited by various environmental factors, including
harsh conditions associated with a cool and short growing season, the
persistence of ice cover, high-UV exposure, low concentration of ions
and nutrients, and disturbance by events of mass erosion and glacial
outburst (Ward, 1994; Ormerod et al., 1994; Lami et al., 1998; Suren
and Ormerod, 1998; Lacoul, 2004). Moreover, the colonization of
high-alpine aquatic habitats is made difficult because of infrequent
visits by faunal vectors of dispersal (Ward, 1994).

Previous surveys of high-altitude lakes in the Himalayas of Nepal,
with fieldwork occurring as recently as 1987, did not report any aquatic
angiosperm plants above ca. 4000 m (Loffler, 1969; Scott, 1989).
There is, however, paleolimnological evidence that aquatic plants may
have occurred in lakes above 4000 m during recent Holocene warm
periods, including the Medieval warming that ended around 450 years
ago (Lami et al., 1998).

Within this context, we report the remarkable observation of
abundant populations of a submerged aquatic angiosperm, the
threadleaf water-crowfoot (Ranunculus trichophyllus Chaix. var.
trichophyllus), in alpine lakes as high as 4760 m. This species was
found flowering and setting seed during the ice-free season in several
lakes. We also discuss the environmental factors that may be
influencing the altitudinal limit for this species, and the possible
influence of recent climate warming.

Methods
STUDY AREA AND LAKES

Glaciers and glacial lakes are abundant and widespread in high-
altitude regions of Nepal, particularly in the altitudinal range of 4000—
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5600 m, where water bodies are ice free for 3—4 months each year
(Hutchinson, 1937; Loffler, 1969; Manca et al., 1998). Our study lakes
are part of a chain of water bodies impounded by a lateral moraine of
the Ngojumpa glacier on the southern slopes of Mount Cho Oyu, close
to Mount Sagarmatha (Everest). The lakes occur within an altitudinal
range of 4690 m to 4980 m, and their water sources are meltwater of
glaciers and snow plus seasonal rainfall. The region has a monsoon
climate, with an annual rainfall of 950-1,050 mm, 80% falling dur-
ing the monsoon of June to September, and a monthly minimum
temperature of —7.7°C (January) and maximum of 16.2°C (August)
(Tartari et al., 1998a). Lakes in the study area are ice covered for 5-9
months of the year. The watershed surface is mostly exposed bedrock,
plus glacial debris of gneiss, granite, and some calcareous metasedi-
mentary rock (Bortolami, 1998), with vegetated patches of shrubby
juniper, rhododendron, forbs, and graminoids. Lake sediment is silt-
clay in deeper water and sand-silt in the littoral zone (Tartari et al.,
1998b). The lakes are devoid of fish. Additional data for the study
lakes are provided in Table 1.

WATER SAMPLING AND ANALYSIS

The study lakes were accessed by trekking and were sampled
during the growing season (pre-monsoon and monsoon) of each of
1999 and 2000. A composite of five water samples was collected from
the littoral zone in nalgene bottles pre-cleaned with distilled water and
rinsed several times with lake water. Analyses were made according
to standard methods (A.P.H.A., 1995), unless otherwise noted.

Water temperature was measured at midday in the epilimnion
using a mercury thermometer, and conductivity with a temperature-
corrected Fisher (C-33) probe. Local ice-free data were collected from
local yak herders and hoteliers, who keep track of this information.
Transparency was determined with a 20-cm Secchi disc, averaged over
two measurements. Field pH was measured with color-sensitive pH
strips (Merck; range 5.5-9.0; graduation 0.5 pH unit) and with a
Hannah pH meter (HI 9214). Conductivity and pH were re-analyzed
in the laboratory to verify the field results. Water samples for later
analysis were divided into sub-samples of 50 or 100 mL and preserved
according to the specific determination to be performed (A.P.H.A.,
1995), as follows: (a) chilling in an icebox for subsequent analysis
of calcium, magnesium, sodium, potassium, chloride, sulfate, and
phosphorus, and (b) acidification with 40% H,SO, added in the field to
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TABLE 1

Physical-chemical environmental characteristics (mean * SE) of the study lakes. F-values are from an ANOVA, with significance
P < 0.05. Values followed by a different letter differ according to a test of honest significant difference (P < 0.05).

Environmental variable (1) TsoMengma (2) Longponga (3) DudhPokhari (4) Donang (5) Ngojumpa F-value
Altitude (m) 4680° 4715° 4750° 4970¢ 4980° —
Surface area (ha) 342 23.8° 44.1¢ 65.04 28.0° —
Maximum depth (m) 1.3 25.3° 45.3° 37.7¢ 35.3° —
Ice-free (days) 184 + 3% 190 + 32 191 + 3% 153 = 2° 153 + 3° 51.2
Conductivity (uS cm™") 450 = 2.0° 439 * 1.6 418 * 1.1* 32.8 + 0.8° 33.1 + 0.8° 33.8
pH (pH unit) 73 * 0.1% 72 * 0.1 72 +0.1° 7.0 = 0.1° 7.0 * 0.1° 16.1
Secchi transparency (m) 2.6 +0.1° 3.8 +02° 37 +02° 3.6 = 02° 3.8 +02° 12.6
Temperature (°C) 8.8 = 0.9° 93 + 1.0° 9.2 + 1.02° 43 +05° 4.1 +0.5° 12.3
Cat* (mgL ™Y 5.6 = 0.2° 55 =03 5.8 = 0.28" 4.1 * 04° 43 *0.5° 5.6
Mg** (mg L) 0.43 * 0.01° 0.42 = 0.01° 0.4 = 0.01° 0.36 *+ 0.02° 0.39 * 0.02° 13
Na® (mg L") 12 = 0.1° L1 %01° 0.8 = 0.03* 0.66 = 0.05" 0.78 * 0.04* 10.6
K" (mg L™ 0.55 * 0.02° 0.57 * 0.03" 0.6 = 0.02° 0.49 + 0.03* 0.47 *+ 0.04° 23
HCO; (mg L™ 194 * 1.5° 18.5 = 0.5° 18.0 = 0.5° 144 = 0.7° 154 + 0.7° 6.0
Cl(mg L™ 0.15 + 0.01 0.14 *+ 0.01 02+ 0.1 0.23 + 0.02 0.19 + 0.06 1.o™
SO4(mg L") 55 % 0.1° 5.6 * 0.1 3.6 = 0.1° 3.6 = 0.1° 35+ 0.1° 151.7
Total suspended solids (mg L") 2.1 £ 0.3* 1.9 + 0.3° 1.6 + 0.3 1.1 +02° 1.1 +0.1° 3.9
Volatile suspended solids (mg L") 0.40 = 0.1 0.37 = 0.05 0.37 = 0.02 0.40 = 0.1 0.37 = 0.04 0.1
Nonvolatile suspended solids (mg L") 1.7 +02° 1.6 = 0.3 1.3 + 0.3 0.73 = 0.1° 0.70 = 0.1° 5.8
Total nitrogen (ug L™") 227 =173 194 + 12.8 226 * 6.4 193 + 259 203 + 19 1™
Dissolved nitrogen (ug L™") 162 = 4.3 148 £ 9.2 166 = 2.8 153 =123 141 = 15 e
Total phosphorus (ug L™") 8.1 *02 73 £02 79 £03 73 *+04 7.8 =04 1.2™
Dissolved phosphorus (ug L") 42 = 0.2° 3.9 + 0.2° 42 +0.2° 33 +0.3° 3.6 + 0.3 2.7
Total Chlorophyll (ug L™") 0.7 = 0.1 1.5+ 0.1° 1.6 +0.1° 0.9 = 0.2 0.9 * 0.2*¢ 10.9

achieve pH < 2 for analysis of total and dissolved nitrogen (samples
were neutralized with NaOH prior to digestion). The analytical
methods used in the laboratory were:

e calcium, magnesium, sodium, and potassium by flame atomic

absorption spectrophotometry;

bicarbonate by carbonate-hydroxide titration;

chloride by an argentometric spectrophotometry;

sulfate by a gravimetric method based on BaSOy;

total suspended solids (TSS), non-volatile suspended solids

(NVSS), and volatile suspended solids (VSS) by weighing after

passing through a 1.5 pum Whatman 934 AH filter;

e total chlorophyll by filtration through Whatman GF/C filters
(particle retention 1.2 pm) in the field, storage with desiccant
(silica gel), and analysis by fluorometry in the laboratory
(Knowlton, 1984; Sartory and Grobbelaar, 1986) the filtrate
from chlorophyll processing was used for analysis of dissolved
nutrients (DN and DP), while non-filtered water was used for
total nutrients (TN and TP; see below);

e phosphorus (total and dissolved) analyzed after the methodol-
ogy of Prepas and Rigler (1982);

e nitrogen (total and dissolved; nitrate plus ammonium) de-
termined by second derivative analysis of persulfate oxidized
samples (Crumpton et al., 1992).

PLANT SAMPLING

Lakes supporting aquatic plants were surveyed monthly during
the ice-free season of both study years, using 10 randomly placed
quadrats of 50 cm X 50 cm within the vegetated littoral zone. Biomass
of Ranunculus, the only plant species present in the lakes, was
collected, dried at 105°C, and weighed.

DATA ANALYSIS

Differences of variables among lakes were examined using one-
way analysis of variance, with post-hoc comparison of means using

Tukey’s HSD test. To achieve homogeneity of variance, the data
for environmental variables (with the exception of pH) were In-
transformed. The data matrices were also analyzed using a canonical
discriminant analysis (CDA). CDA is used to discriminate among
four or more groups with multivariate factors; it recognizes linear
combinations of discriminating variables, which maximize differences
between groups and allows for interaction between factors. In run-
ning the CDA, we progressively eliminated ineffective factors (step-
wise forward method). The statistical analyses were done using
STATISTICA 5.1 for Windows (StatSoft, 1997).

Results

Ranunculus trichophyllus was abundant on silty and sandy littoral
substrates of Lakes Tso-Mengma (4680 m), Longponga (4715 m), and
Dudh Pokhari (4750). It did not occur in Lakes Donang (4970 m) or
Ngojumpa (4980 m). The biomass of Ranunculus was highly seasonal
(Fig. 1). It was present in open-water areas of inflow and outflow
streams prior to complete ice-melt of the lakes; an April sampling of
vegetated habitat in Tso-Mengma averaged 4.6 ¢ m 2, Longponga 7.6
g m~2, and Dudh Pokhari 8.2 ¢ m™? (Tso-Mengma was significantly
less than the other two lakes; p < 0.05). Biomass increased rapidly to
a seasonal maximum in late July and early August, to an average of
21.5 gm 2 in Tso-Mengma, 35.9 g m 2 in Longponga, and 44.6 g m >
in Dudh Pokhari (Tso-Mengma significantly less; p < 0.05). During
the peak season, the average cover of Ranunculus trichophyllus was
10-15% in the littoral zones of the study lakes, to a maximum depth of
about 4.5 m. The biomass declined during September to November, to
an average of 17.9 g m 2 in Tso-Mengma, 28.4 g m 2 in Longponga,
and 32.2 g m 2 in Dudh Pokhari (Tso-Mengma significantly less; p <
0.05). Icing of the lake surface began in November, ending our
seasonal observations.

Environmental data for the study lakes are presented in Table 1. In
synopsis, the lake water chemistry is characterized by circumneutrality
(pH ca. 7.2), oligotrophy (dissolved phosphorus 3-5 pg L"), hard
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FIGURE 1. Monthly biomass
(dry weight g m>) of Ranuncu-
lus trichophyllus in three high-
alpine lakes. The central line
indicates the median value of

FMAMIJASON FMAMIJASON

Tso Megma Longponga

water (calcium 3-7 mg L"), and moderate transparency (Secchi depth
2-5 m) because of suspended glacial flour (total suspended solids
1.1-2.1 mg L™"). The CDA identified four critical environmental vari-
ables (ice-free days, conductivity, non-volatile suspended solids, and
bicarbonate) and two canonical functions that discriminated signifi-
cantly between lakes with or without macrophytes (P < 0.05 by chi-
square test) and that together explained 99% of the differences. Axis
1 of the CDA (Fig. 2; Table 2) was strongly dominant, accounting for
97% of the cumulative variance (eigenvalue 12.44) and clearly
discriminating Lakes Donang and Ngojumpa (without Ranunculus;
right-hand side of the discriminant function) from the other three lakes
(left-hand side). Axis 2 is much weaker, accounting for 2% of the
variance (eigenvalue 0.36), and it did not help to discriminate lakes
on the basis of the presence of Ranunculus.

FMAMIJASON

Dudh Pokhari

the data; boxes denote 25th to
75th percentile, and whiskers
represent 10th and 90th percen-
tile.

Among the environmental variables used by the CDA, the number
of ice-free days correlated most strongly with Axis 1 (r=0.81; it also had
the highest F statistic of 51.9 (4, 45); p < 0.001), followed by conduc-
tivity (r=0.71; F = 26.4 (8, 88); p < 0.001), non-volatile suspended
solids (r=0.64; F=15.3 (12, 114); p <0.001), and bicarbonate (r=0.62;
F=129 (16, 128); p < 0.001). In the stepwise addition of variables in
successive order, the Wilk’s lambda was minimized from 0.17, 0.09,
0.07, and 0.05, respectively, suggesting the high significance of the
discriminatory power of the model. Among the three lakes supporting
Ranunculus, the average length of the ice-free season was 195 £ 15 days
(mean * SE), significantly longer (p < 0.05) than the non-vegetated
lakes (158 = 15 days). The conductivity of lakes with Ranunculus (43.6
N} cm ') was higher than those without (30.8 pS em ™), as was the
concentration of bicarbonate (18.6 mg L™ versus 14.9 mg L™").

4
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—_ _
© 1 | —_ |
cn f 1
< .
I Longponga Ngojumpa
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w2 scores (crossing points represent
- mean, with range bars the 95%
3 1 confidence interval) for the first
two canonical functions by ca-
nonical discriminant analysis
4 (CDA). The three lakes on the
-6 -4 -2 0 2 4 6 8 left-hand side support Ranuncu-

First axis (A = 12.44)
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lus trichophyllus and those on
the right do not.
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Discussion

We observed abundant populations of Ranunculus trichophyllus
in extremely high-altitude lakes (to 4780 m), at elevations much higher
than previously reported for this species (to 3600 m elsewhere in the
Himalayas; Zhengyi et al., 1990). Moreover, these populations occur at
higher elevations than any published altitudinal record (known to us)
for an aquatic angiosperm. Other extreme records of plants in alpine
lakes include Lake Titicaca, Peru-Bolivia, at 3900 m with 23 vascular
species (Dejoux, 1994), and observations of Callitriche palustris,
Isoetes bolanderi, Myriophyllum exalbescens, Nuphar luteum, and
Potamogeton alpinus in glacier-fed lakes at 3000-3355 m in western
North America (Welsh et al., 1993; Hart and Cox, 1995). There are,
however, more extreme altitudinal records for non-angiosperm
macrophytes, including Chara species in Lake Puma Yumco in Tibet
at 5030 m (Mitamura et al., 2003).

Ranunculus trichophyllus is a widespread species in cool-
temperate, boreal, arctic-tundra, and alpine-tundra biomes, including
high mountains of Asia, Europe, and North America (Zhengyi et al.,
1990; Tolmecher, 1996; Kozhova and Izmestéva, 1998). It occurs in
water bodies with chemistry comparable to our study lakes, particularly
with respect to high concentrations of calcium (Dale and Miller, 1978;
Carbiener et al., 1990), and it is known to form mats, to have rapid
growth following the melt-out of surface ice, and to propagate well
from rhizome fragments (Barrat-Segretain and Gudrun, 2000). Like
allied species of aquatic Ranunculus, it is a pioneering aquatic
angiosperm that can invade lakes within only a few years after
deglaciation, and then expand in abundance over several decades
(Birks, 2000).

It appears that the presence of Ranunculus trichophyllus in our
high-altitude study lakes is a recent phenomenon, because aquatic
plants were not reported from these water bodies by other, competent
biologists, who examined them as recently as 1987 (Loffler, 1969;
Scott, 1989). The apparently recent invasion of the study lakes by
R. trichophyllus may be related to climatic warming that has occurred
in the high Himalayas during the past several decades (Li and Tang,
1986; Kothyari and Shing, 1996; Shrestha et al., 1999), similar to
that of other mountainous regions (Oerlemans, 1994; Liniger et al.,
1998; Hall and Fagre, 2003). The Himalayan warming has resulted
in such phenomena as the extensive retreat of glacial fronts (Kotlyakov
and Lebedeva, 1998; Kulkarni et al., 2002) and an increased fre-
quency of glacial-lake outbursts and associated catastrophic damage
in lower altitudes (Ives, 1986; Vuichard and Zimmermann, 1986).
It is likely that warming has also resulted in an increased length
of the ice-free season of high-altitude lakes; although this has not
yet been documented by scientists in the Himalayas, earlier melt-
out of ice-covered lakes and rivers is well known from better-
studied regions elsewhere (Magnuson et al., 2000; Quayle et al., 2002).
It has also been suggested that the warming should result in changes
in the distribution of plant species and community types in alpine
and high-latitude environments (Grabherr et al., 1994; Walther
et al., 2002).

The means by which Ranunculus trichophyllus colonized our
high-altitude study lakes is not known, but aquatic birds may have been
a vector. Various species of aquatic birds migrate through the study
region to and from breeding grounds in northern Eurasia (Scott, 1989).
These include species of geese and other waterfowl, which may
forage in shallow aquatic habitat and pick up fragments or seeds of
aquatic plants.

Our canonical discriminant analysis suggests that, of the
environmental variables that differed between lakes supporting
Ranunculus trichophyllus or not, the key differences appear to be asso-
ciated with length of the ice-free season, conductivity, non-volatile
suspended solids, and bicarbonate concentration. However, we be-

TABLE 2

Standardized coefficients of key environmental variables in
four canonical discriminant functions.

Canonical function

Axis 1 Axis 2 Axis 3 Axis 4
Ice-free days —0.81 —0.74 0.7 0.16
Conductivity —0.71 0.004 —0.12 0.84
Non-volatile suspended solids —0.64 1.04 0.46 0.63
Bicarbonate —0.62 1.14 —0.62 0.39
Eigenvalue 12.44 0.36 0.01 0.002
Cumulative variance 0.97 >0.99 >0.99 1.00

lieve that in our study region an increasing length of the ice-free
season is the key factor allowing R. trichophyllus to colonize high-
altitude lakes, and that any influences of the other factors are sec-
ondary reflections of the ice-free period, relative height within a
chain of connected lakes, or amounts of suspended inorganic par-
ticulates (glacial “flour”) and dissolved basic cations, especially
calcium (Drever, 1997; Hobbie et al., 2003). Moreover, we believe
that the presence of R. trichophyllus is an indicator of a warming
climate, and that it may become a successful colonizer of many
high-altitude lakes in the region.

Acknowledgments

Funding for this work was provided by the Natural Sciences and
Engineering Research Council of Canada and by Dalhousie University.
We thank the Department of National Parks and Wildlife Conservation
for a research permit and logistic support, and Mr. Minesh Shrestha
(CEMAT Water Laboratory), Mr. B. M. Shrestha, Mr. Neema Sherpa,
Mr. Lakpa Dhorji, Mr. Prem Lama, and Mr. Mohan Singh Rai for their
helping hands with our research. We thank two anonymous reviewers
for improving the clarity and quality of this article.

References Cited

A.P.H.A., 1995: Standard Methods for the Examination of Water
and Wastewater. 19th edition. Washington, DC: American Public
Health Association.

Barrat-Segretain, M. H., and Gudrun, B., 2000: Regeneration and
colonization abilities of aquatic plant fragments: Effect of distur-
bance seasonality. Hydrobiology, 421: 31-39.

Birks, H. H., 2000: Aquatic macrophyte vegetation development in
Kraekenes Lake, Western Norway, during the late glacial and early-
Holocene. Journal of Paleolimnology, 23: 7-19.

Bortolami, G., 1998: Geology of the Khumbu region, Mt Everest,
Nepal. /n Lami, A., and Giussani, G. (eds.), Limnology of high
altitude lakes in the Mt Everest Region (Nepal). Memorie
dell Istituto Italiano di Idrobiologia, 57: 41-49.

Carbiener, R., Trémoli¢res, M., Mercier, J. L., and Ortscheit, A., 1990:
Aquatic macrophyte communities as bioindicators of eutrophication
in calcareous oligosaprobe stream waters (Upper Rhine plain
Alsace). Vegetatio, 86: 71-88.

Crumpton, W. G., Isenhart, T. M., and Mitchell, P. D., 1992: Nitrate
and organic N analyses with second derivative spectroscopy.
Limnology and Oceanography, 37: 907-913.

Dale, H. M., and Miller, G. E., 1978: Changes in the aquatic
macrophyte flora of Whitewater Lake near Sudbury, Ontario from
1947-1977. Canadian Field Naturalist, 92: 264-270.

Dejoux, C., 1994: Lake Titicaca. Ergebnisse der Limnologie, 44:
55-64.

Drever, J. 1., 1997: The geochemistry of natural waters: surface and
groundwater environment. Third edition. New Jersey: Prentice-Hall.

P. LAacouL AND B. FREEDMAN / 397

Downloaded From: https://bioone.org/journals/Arctic,-Antarctic,-and-Alpine-Research on 22 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



Grabherr, G., Gottfried, M., and Pauli, H., 1994: Climate effects on
mountain plants. Nature, 369: 448.

Hall, M. H. P., and Fagre, D. B., 2003: Modeled climate-induced
glacial change in Glacier National Park, 1850-2100. Bioscience,
53: 131-140.

Hart, K. H., and Cox, P. A., 1995: Dispersal ecology of Nuphar luteum
(L.) Sibthrop & Smith: abiotic seed dispersal mechanisms. Botanical
Journal of Linean Society, 119: 87-100.

Hobbie, J. E., Bettez, N., Deegan, L. A., Laundre, J. A., MacIntyre, S.,
Oberbauer, S., John O’Brien, W., Shaver, G., and Slavik, K., 2003:
Climate forcing at the Arctic LTER site. /n Greenland, D., Goodin,
D. G, and Smith, R. C. (eds.), Climate Variability and Ecosystem
Response at Long-Term Ecological Sites. New York: Oxford
University Press, 74-91.

Hutchinson, G. E., 1937: Limnological studies in Indian Tibet.
Internationale Revue der Gesamten Hydrobiologie, 35: 134—174.
IPCC, 2001: Climate Change 2001: Synthesis Report. A Contribution
of Working Groups I, II, and III to the Third Assessment Report of
the Intergovernmental Panel on Climate Change. Watson, R. T., and
the Core Writing Team (eds.). Cambridge, United Kingdom, and

New York: Cambridge University Press, 398 pp.

Ives, J. D., 1986: Glacial Lake Outburst Floods and Risk Engineering
in the Himalaya. Kathmandu, Nepal: International Centre for Inte-
grated Mountain Development, ICIMOD Occasional Paper No. 5.

Knowlton, M. F., 1984: Flow-through microcuvette for fluorometric
determination of chlorophyll. Water Research Bulletin, 20: 795-799.

Kothyari, U. C., and Shing, V. P., 1996: Rainfall and temperature
trends in India. Hydrological Processes, 10: 357-372.

Kotlyakov, V. M., and Lebedeva, I. M., 1998: Melting and evaporation
of glacial systems in the Hindu Kush—-Himalayan region and their
possible changes as a result of global warming. /n Chalise, S. R.,
Herrmann, A., Khanal, N. R., Lang, H., Molnar, L., and Pokhrel, A.
P. (eds.), Ecohydrology of High Mountain Areas. Kathmandu,
Nepal: International Centre for Integrated Mountain Development,
367-375.

Kozhova, O. M., and Izmestéva, L. R., 1998: Lake Baikal: Evolution
and Biodiversity. Leiden: Backhuys Publishers.

Kulkarni, A. V., Mathur, P., Rathore, B. P., Alex, S., Thakur, N., and
Kumar, M., 2002: Effect of global warming on snow ablation pattern
in the Himalayas. Current Science, 83: 120-123.

Lacoul, P., 2004: Aquatic macrophyte distribution in response to
physical and chemical environment of the lakes along an altitudinal
gradient in the Himalayas, Nepal. Ph.D. thesis. Dalhousie
University, Halifax, Nova Scotia.

Lami, A., Guilizzoni, P., Marchetto, A., Bettinetti, R., and Smith, D. J.,
1998: Paleolimnological evidence of environmental changes in some
high altitude Himalayan lakes (Nepal). /n Lami, A., and Giussani, G.
(eds.), Limnology of high altitude lakes in the Mt Everest Region
(Nepal). Memorie dell’ Istituto Italiano di Idrobiologia, 57: 107-130.

Li, C, and Tang, M., 1986: Changes in air temperature in Qinghai-
Xizang Plateau and its neighborhood in the recent 30 years. Plateau
Meteorology, 5: 332-341.

Liniger, H., Weingartner, R., and Grosjean, M., 1998: Mountains of
the World: Water Towers for the 21st Century. Berne, Switzerland:
Paul Haupt.

Loffler, H., 1969: High altitude lakes in Mt. Everest region. Verhand-
lungen der Internationalen Vereinigung fiir Limnologie, 17: 373-385.

Magnuson, J. J., Robertson, D. M., Benson, B. J., Wynne, R. H.,
Livingstone, D. M., Arai, T., Assel, R. A., Barry, R. G., Card, V.,
Kuusisto, E., Granin, N. G., Prowse, T. D., Kenton, M. S., and
Vuglinski, V. S., 2000: Historical trends in lake and river ice cover
in the northern hemisphere. Science, 289: 1743-1745.

Manca, M., Ruggiu, D., Panzani, P., Asioli, A., Mura, G., and
Nocentini, A. M., 1998: Report on a collection of aquatic organisms
from high mountain lakes in the Khumbu valley (Nepalese
Himalayas). /n Lami, A., and Giussani, G. (eds.), Limnology of
high altitude lakes in the Mt Everest Region (Nepal). Memorie
dell’ Istituto Italiano di ldrobiologia, 57: 77-98.

Mitamura, O., Seike, Y., Kondo, K., Goto, N., Anbutsu, K., Akatsuka,

398 / ARCTIC, ANTARCTIC, AND ALPINE RESEARCH

T., Kihira, M., Qung, T., and Nishimura, T. M., 2003: First
investigation of ultraoligotrophic alpine Lake Puma Yumco in the
pre-Himalayas, China. Limnology, 4: 167-175.

Oerlemans, J., 1994: Quantifying global warming from the retreat of
glaciers. Science, 264: 243-245.

Ormerod, S.J.,Rundle, S. D., Wilkinson, S. M., Daly, G. P, Dale, K. M.,
and lJiittner, 1., 1994: Altitudinal trends in the diatoms, bryophytes,
macroinvertebrates and fish of a Nepalese river system. Freshwater
Biology, 32: 309-322.

Poff, N. L., Brinson, M. M., and Day, Jr., J. W., 2002. Aquatic
ecosystems & global climate change: potential impacts on inland
freshwater and coastal wetland ecosystems in the United States.
Arlington, Virginia, U.S.A.: Pew Center for Global Climate Change.

Prepas, E. E., and Rigler, F. H., 1982: Improvements in quantifying
the phosphorus concentration in lake water. Canadian Journal of
Fisheries and Aquatic Sciences, 39: 822-829.

Quayle, W. C., Peck, L. S., Peat, H., Ellis-Evans, J. C., and Richard
Harrigan, P., 2002: Extreme responses to climate change in Antarctic
lakes. Science, 295: 645.

Sartory, D. P., and Grobbelaar, J. U., 1986. Extraction of chlorophyll
a from freshwater phytoplankton for spectrophotometric analysis.
Hydrobiologia, 114: 117-187.

Scott, D. A. (ed.), 1989: Nepal. A Directory of Asian Wetlands.
Gland, Switzerland: TUCN-The World Conservation Union,
507-529.

Shrestha, A. B., Wake, C. P., Mayewski, P. A., and Dibb, J. E., 1999:
Maximum temperature trends in the Himalaya and its vicinity: an
analysis based on temperature records from Nepal for the period
1971-94. Journal of Climate, 12: 2775-2789.

Statsoft, 1997: STATISTICA for Windows manual. Oklahoma, U.S.A.:
Statsoft, Inc.

Suren, A. M., and Ormerod, S. J., 1998: Aquatic bryophytes in
Himalayan streams: testing a distribution model in a highly
heterogeneous environment. Freshwater Biology, 40: 697-716.

Tartari, G., Verza, G., and Bertolami, L., 1998a: Meteorological
data at the Pyramid Observatory Laboratory (Khumbu Valley,
Sagarmatha National Park, Nepal). /n Lami, A., and Giussani, G.
(eds.), Limnology of high altitude lakes in the Mt Everest
Region (Nepal). Memorie dell’ Istituto Italiano di Idrobiologia, 57:
23-40.

Tartari, G. A., Tartari, G., and Mosello, R., 1998b: Water chemistry of
high altitude lakes in the Khumbu and Imja Kola Valleys (Nepalese
Himalayas). /n Lami, A., and Giussani, G. (eds.), Limnology of
high altitude lakes in the Mt Everest Region (Nepal). Memorie
dell’ Istituto Italiano di Idrobiologia, 57: 51-76.

Tolmecher, A. 1. (Russian ed.), 1996: Flora of Russian Arctic: A
critical review of the vascular plant occurring in the Asiatic Region
of the former Soviet Union. Stuttgart: Cramer in der Gebr.
Borntraeger-Verlag-Buehh.

Vuichard, D., and Zimmermann, M., 1986: The Langmoche Flash-
flood, Khumbu Himal, Nepal. Mountain Research and Develop-
ment, 6: 90-93.

Walther, G., Post, E., Convey, P., Menzel, A., Parmesan, C., Beebee,
T. J. C., Fromentin, J., Guldberg, O. H., and Bairtein, F., 2002:
Ecological responses to recent climate change. Nature, 416:
389-395.

Ward, J. V., 1994: Ecology of alpine streams. Freshwater Biology,
32: 277-295.

Welsh, S. L., Atwood, N. D., Higgins, L. C., and Goodrich, S. (eds.),
1993: A Utah Flora. Provo, Utah: Brigham Young University Press
Services.

WWF Nepal Program, 2005: An overview of glaciers, glacier retreat,
and subsequent impacts in Nepal, India and China. Nepal: WWF
Nepal Program, Himalayan Glacier and River Project.

Zhengyi, W., Raven, P. H., and Deyuan, H., 1990: Flora of China;
Caryophyllaceae through Lardizabalaceae, 6. Beijing: Science
Press, and St. Louis: Missouri Botanical Garden Press.

Ms accepted October 2005

Downloaded From: https://bioone.org/journals/Arctic,-Antarctic,-and-Alpine-Research on 22 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



