SERIES
ENTOMOLOGICA

EDITOR

E. SCHIMITSCHEK
GOTTINGEN

VOLUMEN 4

SPRINGER-SCIENCE+BUSINESS MEDIA, B.V. 196 8



ECOLOGY
AND BIOGEOGRAPHY
OF HIGH
ALTITUDE INSECTS

BY

Prof. Dr. M. S. MaNI, M. A, D. Sc.,
Of the School of Entomology, St. John’s College, Agra

2N -
NS PR

Dn, -
AT IS NN N

SPRINGER-SCIENCE+BUSINESS MEDIA, B.V. 196 8



ISBN 978-90-481-8511-5  ISBN 978-94-017-1339-9 (eBook)
DOI 10.1007/978-94-017-1339-9

Copyright Springer Science+Business Media Dordrecht 1968
Originally published by Dr. W. Junk N.V. Publishers, The Hague in 1968
Softcover reprint of the hardcover 1st edition 1968

Printed by Belinfante N. V.



Dedicated to my daughter
Prema
in affectionate token of her
discovery of the Coccinellid
Mass Assemblage on the Himalaya
a discovery that stimulated
interest in high altitude
entomology



CONTENTS

PREFACE . . . . . . . o v i vt v it e e e e e e e
CHAPTER I. INTRODUCTION . . . . . . . . . . ...

[« LN N PR S

. The concept of high altitude . . . . . . . . . . ... ... ..
. Mountains as insect habitat . . . . . . . . . ... ..o,
. Mountaininsects . . . . . . . . L. 0oL L.
. The forest-line on mountains: the threshold of high altitude biota . .
. The biome above the forest . . . . . . . . .. .. ... ...
. Hypsobiontinsects . . . . . . . . . . .. .. ... .....

CHAPTER II. THE HIGH ALTITUDE ENVIRONMENT . . . . . . . .

I.

The concept of high altitude environment . . . . . . . . . . ..

2. Reduced atmospheric pressure . . . . . . ... L. L L

3.

oo 3

12,

Atmospheric temperature. . . . . . . ... ... L
a. Temperature lapse rate. b. Shade and sun tempcratures. c. Diurnal
variations of atmospheric temperature. d. Annual variations of atmo-
spheric temperature. e. Ecological importance of atmospheric cold at
high elevations.

. Atmospheric precipitation . . . . . . . .. ...
.Smow-cover ... ... L. Lo

a. The winter snow. b. Snowline. c. Ecological importance of snow-
cover.

.Wind L. L L L e e e e s e e e e e e
Light oo L oL oo
. Microclimate . . . . . . . . . ... ...

a. Microclimatic conditions on rock. b. Microclimatic conditions under
stones. ¢. Soil temperature. d. Soil moisture.

. Slope aspect and massiveness of the mountains . . . . . . . . . .
10.
II.

Gravity . . . . . .. e e e e e e e e e e e e
Bioticfactors. . . . . . . ..o Lo
a. Absence of trees: Open habitats. b. Nutritional conditions. c. Crowd-
ing and isolation.

Interdependence of the lowland and high altitude environments . . .

CHAPTER III. ECOLOGICAL SPECIALIZATIONS OF HIGH ALTITUDE
INSECTS . . .. ... ... ... .. ..... e e e e e e e

e B e R i

. The concept of high altitude specializations . . . . . . . . . . . .
. High altitude melanism . . . . . . . .. ... . ... ....
. Reductionandlossof wings . . . . . . . . . . . . ... ...
. Some other structural peculiarities . . . . . . . oo
. Cold stenothermy. . . . . . . . . . . ... ...
. Hygrophily and terricoly. . . . . . . . . . . ... ... ...
. Otherhabits . . . . . ... ..o
. Hibernation and life-cycle . . . . . . . . . . .. ... ....

CHAPTER IV. ECOLOGICAL INTERRELATIONS AT HIGH. ALTI-
TUDES AND HIGH ALTITUDE INSECT COMMUNITIES . . . . . . .

1. Interrelations of the high altitude, the montane forest and the low-

landbiota . . . . . . . . ... .

23
25

30
31
32

41
43
44

48

ST

SI
52
54
s8
61
63
65
71

75



VIII Contents

Page
2. Interrelations within the high altitude biota. . . . . . . . . . . . 78
3. High altitude insect communities . . . . . . . . . . . .. . .. 82
4. Rock communities . . . . . . . . .. .. 0000 84
s. Hypolithic communities . . . . . . . . . . . .. . ... ... 8s
6. Soil communities . . . . . . ... L0000 Lo L L 88
7. Cavernicole communities. . . . . . . . . . . . . . . . .. .. 89
8. Snow communities . . . . . . . . . L. 0 . e e e 90
9. Aquatic communities . . . . . . . . ... oL Lo L. 92

a. Communities of stagnant waters. b. Communities of torrential
streams. c. Communities of thermal and chemical springs.

CHAPTER V. SOME TYPICAL HIGH ALTITUDE INSECTS AND

OTHER ARTHROPODA. . . . « o o oo e e 99
Allnsects . . . . . . . . e e e e e e e e e e e e e e e e e 99
Order 1. Ephemerida . . . . . . . . .. .. ... .. .... 99

Order 2. Plecoptera. . . . . . . . . . . ... .. ... 100

Order 3. Orthoptera . . . . . . . . . . ... ... ..... 102

Order 4. Dermaptera . . . . . . . . . . . . o v oo 104

Order 5. Grylloblattodea. . . . . . . . . . . ... ... ... 105

Order 6. Heteroptera . . . . . . . . . . . . . . ... .. 10§

Order 7. Coleoptera. . . . . . . . . . . . . . . ... ... 106

Family Carabidae. Family Paussidac. Family Amphizoidae. Family
Dytiscidae. Families Silphidae and Scydmaenidae. Families Staphy-
linidae and Pselaphidae. Family Histeridae. Family Hydrophilidae.
Family Byrrhidae. Family Dryopidac. Family Tencbrionidae. Family
Chrysomelidae. Family Curculionidae. Other families.

Order 8. Hymenoptera . . . . . . . . . . . . ... .. 114

Order 9. Trichoptera . . . . . . . . . . . . ... ... ... 11§

Order 10. Lepidoptera. . . . . . . . . . . . . .. ... 116
Family Parnassiidae. Families Nymphalidae and Satyridae. Famlly
Pieridae.

Order 11. Diptera. . . . . . . . . . . . .. .o
Nematocera. Family Tipulidae. Family Bibionidae. Family Blepha-
roceridae. Family Simuliidae. Family Deuterophlebiidac. Family
Chironomidae. Family Psychodidae. Family Culicidae. Family
Sciariidae. Brachycera-Orthorrhapha. Brachycera-Cyclorrhapha.
Aschiza. Hypocera. Schizophora.

Order 12. Thysanura . . . . . . . . . . . .« v v v o v 123
Order 13. Collembola. . . . . . . . . . . . . . ... .... 123
B. Other Arthropoda. . . . . . . . . . ... .. ... ... 12§

Crustacea. Arachnida. Scorpionida. Chelonethida. Araneida. Acarina.
Chilopoda-Diplopoda-Symphyla Complex.

CHAPTER VI. DISTRIBUTION OF HIGH ALTITUDE INSECTS . . . . 130
I. Factors governing the distribution of high altitude insects . . . . 130
2. Vertical distribution. . . . . . . . . . . . . ... 132
3. Horizontal distribution . . . . . . . . . . . . . . ... .. 137
4. The component elements of the high altitude faunas, their origin and
evolution



Contents IX

‘Page

CHAPTER VII. THE MOUNTAINS OF EQUATORIAL EAST AFRICA 143
1. The East African mountains and the Rift Valley system . . . . . . 143

2. Mt. Kilimanjaro . . . . . . .. .00 0oL 144

i. Ecological conditions on Mt. Kilimanjaro . . . . . . . . . . . 146

ii. Biotic zones on Mt. Kilimanjaro . . . . . . . . . . . . . .. 148

iii. Early studies on insects from Kilimanjaro . . . . . . . . . . . 150

iv. Ecological characteristics of high altitude insects from Kilimanjaro . 150
v. Distributional characters of the high altitude insects from Kili-

MANJATO. . .« « v .« . e e e e e e e e e e e e e e e e 153

vi. Vertical distribution of insects on Mt. Kilimanjaro . . . . . . . 154

3. Mt. Meru, Mt. Kenya, Mt. Aberdare and Mt. Elgon. . . . . . . . 157
4. The RuwenzoriRange . . . . . . . . . . .. .. ... ... 162

i. General ecological conditions and biotic zonation on the Ruwenzori.
Range. ii. High altitude insects from the Ruwenzori Range.
5. The Ethiopian Highlands. . . . . . . . . .. .. .. .. ... 167
i. Biotic zones on the Abyssinian highlands. ii. Characteristics of the
high altitude insect life of the Ethiopian Highlands.

CHAPTER VIII. OTHER TROPICAL MOUNTAINS. . . . . . . . .. 176
1. New Guinea mountains . . . . . . . « « « « « « « &« o o o . 177
2. TheAndes . . . . . . . . . ..o 180
3. Some ecological peculiarities of tropical mountains. . . . . . . . . 183
4. Altitudinal zonation of lifeonthe Andes . . . . . . . . . . . .. 187
5. Some peculiarities of the insect life at high altitudes on the Andes of the
Lropics. . . . . . . . o oo e e e e e e e 191
6. Boreal faunal elements on tropical mountains . . . . . . . . . . . 194
CHAPTER IX. THEHIMALAYA . . . . . . . . . . . . 196
1. The Himalayan System. . . . . . . . . . . . .. ... .... 197
2. The ranges of the Himalaya . . . . . . . . . .. ... .... 201
3. Geographical and biogeographical divisions of the Himalaya . . . . 204
4. Geology and glaciology . . . . . . . . . .. ... 206
s. Ecological characters and biotic zones . . . . . . . . . . . . .. 208
6. The insect life of the Himalaya . . . . . . . . . . .. .. ... 211

Ephemerida. Plecoptera. Orthoptera. Dermaptera. Heteroptera.
Coleoptera. Carabidae. Dytiscidae. Hydrophilidae. Staphylinidae.
Tenebrionidae. Chrysomelidae. Curculionidae. Hymenoptera. Tri-
choptera. Lepidoptera. Papilionidae. Parnassiidac. Nymphalidae.
Satyridae. Pieridae. Lycaenidae. Diptera. Thysanura. Collembola.

7. The Hindu KushRange . . . . . . . . . . . . .. ... ... 226

8. Biogeographical characters . . . . . . . . . . .. .. ... .. 227
CHAPTER X. THE ALAI-PAMIRS AND THE TIEN SHAN. . . . . . . 229
1. The Alai-Pamirs Region. . . . . . . . . . . . ... .. ... 229

2. Subdivisions of the Pamirs . . . . . . . . . . . . . . .0 ... 231

3. Ecological characters of the Pamirs Region. . . . . . . . . . . . 234

4. Vegetation and biotic zones of the Pamirs Region. . . . . . . . . 240

i. The Pamirproper . . . . . . . . . . . . . .. ... 242

ii. The Western Valleys . . . . . . . . .. .. .. . .... 242



X Contents
Page
iii. The Alai vegetation . . . . . . . . . . . .. ... .... 243
iv. Altitudinal biotic zonation. . . . . . . . . . . . .. .. .. 243
5. Inscct lifc of the Pamirs Region. . . . . . . . . . . . .. . .. 245
Orthoptera. Dermaptera. Heteroptera. Coleoptera. Carabidae.
Staphylinidac. Tenebrionidae. Chrysomelidae. Curculionidae. Hy-
menoptera. Formicidae. Apidae. Bombidae. Lepidoptera. Diptera.
6. The Tien Shan Mountains . . . . . . . . . . . . . .. . ... 260
7. General ecological and vegetational characters of the Tien Shan . . . 261
8. Insect life of the Tien Shan . . . . . . . . . . . . . ... ... 264
9. Biogeographical characters of the Pamirs-Tien-Shan-Complex. . . . 267
i. Steppecole elements . . . . . ... ..o L. 267
ii. Montane elements . . . . . . . . . . . ... ... 267
iii. Boreal and boreo-alpine elements. . . . . . . . . . . .. .. 267
iv. Endemic elements . . . . . . . . . . . ... ... 268
v. Faunal subdivisions. . . . . . . . . . . . . . .. .. ... 269
vi. Faunistic affinities. . . . . . . . . . . . . .. ..., 270
CHAPTER XI. THE ALPS AND THE CARPATHIANS. . . . . . . .. 275
I. The elevated areas of Europe . . . . . . . . . . . . . . . . .. 275
2.TheAlps. . . . . ..o 0 Lo 279
3. The ecological characters and biotic zonation of the Alps. . . . . . 284
4. The insect life of the West Alps. . . . . . . . . . ... . ... 288
Orthoptera. Heteroptera. Coleoptera. Lepidoptera. Diptera. Collem~
bola.
5. The insect life of the East Alps . . . . . . . . . . . . .. ... 292
Orthoptera. Dermaptera. Colcoptera. Hymenoptera. Lepidoptera.
Diptera. Collembola.
6. Other Arthropoda. . . . . . . . . . . . .. ... 296
Arancida. Acarina. Diplopoda and Chilopoda.
7. Communities and ecological succession on the East Alps . . . . . . 299
i. Some typical communities. . . . . . . . . . . L. L. 299
ii. Some peculiarities of ecological succession . . . . . . . . . . . 301
8. The Carpathians . . . . . . . . . . . . . ... . ... ... 302
9. The ecological characters and biotic zonation of the Carpathians. . . 304
10. Characteristics of high altitude insects from the Carpathians. . . . . 306
11. Biogeographical characters of the Alps and the Carpathians . . . . . 310
CHAPTER XII. THE BOREO-ALPINE INSECTS. . . . . . . . . ... 313
I. What are boreo-alpine insects? . . . . . . . . . . .. ... .. 313
2. Some typical boreo-alpine insects . . . . . . . . ... ... 314
Orthoptera. Heteroptera. Coleoptera. Hymenoptera. Lepidoptera.
3. Some typical boreo-alpine Arachnida . . . . . . . . ... ... 324
4. The Boreo-alpine insects in the northarea . . . . . . . . . . .. 324
5. The boreo-alpine insects in the south area. . . . . . . . . . . .. 327
6. The origin of boreo-alpineinsects . . . . . . . . . . . . . . .. 330
CHAPTER XIII. OTHER MOUNTAINS OF THE NORTH TEMPERATE
REGIONSOFTHEOLD WORLD . . . . . . . . . . .. ... ... 336
I. ThePyrences. . . . . . . . . . . . v 0 v v it 336
2. The Spanish Sierra Nevada and other Spanish mountains . . . . . . 340



Contents XI

Page
3. The Atlas Mountains . . . . . . . . . . .. .. ... .. .. 344
4. The French Central Plateau, the Jura Mountains, Vosges, the Sudeten,
EEC. v v e e e e e e e e e e e e e e e e e e e e e 344
s. The Apennines . . . . . . . . . . . .. ... 346
6. The Balkan Mountains. . . . . . . . . . . . . .. ... ... 348
7. The Caucasus. . . . . . . . . . . . . . ... 349
8. The Armenian Highlands. . . . . . . . . . . .. . ... ... 354
9. The Ural Mountains. . . . . . . . . . . . . . . . . ... 355
10. The Altai and other mountains of the Angar-Beringea . . . . . . . 356
11. General ecological characters of the Altai. . . . . . . . . . . .. 357
12. The insect life of the Altai . . . . . . . . . . . . . . ... .. 358
13. Other mountains of Angar-Beringea. . . . . . . . . . . . . .. 360
i. The Sikhote-Alin mountains. . . . . . . . . . . . . . . .. 361
ii. The mountains of Kamchatka . . . . . . . . . . . . . . .. 361
iii. The Japanese mountains. . . . . . . . . . . . . ... ... 362
14. Biogeographical affinities of the European and Angaran mountains. . 363
CHAPTER XIV. THE MOUNTAINS OF THE NORTH TEMPERATE
REGIONS OF THENEW WORLD . . . . . . . . . . . . . . .... 365
1. The Appalachian Highlands. . . . . . . . . . . . ... .. .. 365
2. Ecological characters of the White Mountains. . . . . . . . . . . 366
3. Altitudinal biotic zones on the North American mountains . . . . . 368
4. Characters of the high altitude insect life of the Appalachian Region. 371
s. The Western Highlands . . . . . . . . . . . .. ... .. .. 373
6. Ecological characters of the Cordilleran mountains . . . . . . . . 375
7. Insect life of the Cordilleran mountains . . . . . . . . . . . .. 376
8. Biogeographical characters of the North American mountains. . . . 380
CHAPTER XV. SUBARCTIC AND ARCTIC MOUNTAINS. . . . . . 381
1. Fennoscandian mountains. . . . . . . . . . . ... oL L L L. 381
2. Ecological characters and altitudinal biotic zonation on Fennoscandian
mountains . . . . .. . . ... .o e e e e e 383
3. Characters of the insect life of Fennoscandian mountains. . . . . . . 385
4. The Timanskii Mountains . . . . . . . . . . . . . . ... .. 389
5. Alaskan mountains . . . . . . . .. L. oL L L. 390
6. Ecological characters of the Alaskan mountains . . . . . . . . . . 392
7. Characters of the insect life of the Alaskan mountains . . . . . . . 393
CHAPTER XVI. THE MOUNTAINS OF THE SOUTH-TEMPERATE,
AUSTRAL AND ANTARCTIC REGIONS. . . . . . . . . . ... .. 396
1. Ecological characters of the mountains of the south-temperate region. 396
2. Thesouthern Andes . . . . . . . . . . . .. .. . ... .. 400
3. Australian and New Zealand mountains . . . . . . . . . . . . . 402
4. Antarcticmountains. . . . . . . . . . .. ... e 00 403
BIBLIOGRAPHY. . . . . . . . . . . o o o i e e e e e e 408
INDEX . . . . . . e e e e e e s e e e 456



PREFACE

In my book Introduction to High Altitude Entomology, published in 1962, I summa-
rized the results of eight years’ studies, mainly on the Himalaya. I have since then
had the opportunity of studying the collections of high altitude insects from the
Alps, Carpathians, Caucasus, Urals, Alai-Pamirs, Tien Shan, Altai and other im-
portant mountains of the world in different museums and institutions in Europe.
Through the courtesy and gencrosity of the Academy of Sciences of the Union of
Soviet Socialist Republics, I was also able to personally collect insects and make
valuable field observations on the Caucasus, the Alai-Pamirs, Ala-Tau and the
Tien Shan mountains. Through comparative studies I have tried to synthesize the
fundamental principles of high altitude entomology.

I have described here the distinctive characters of the high altitude environment,
the ecological specializations of the high altitude insects, their ecological inter-
relations and the outstanding peculiarities of their biogeography. I have also pre-
sented here an outline of the high altitude entomology of the principal mountains
of the world, with brief accounts of their orogeny, geology and vegetation. This
book differs from all other contributions in the field in its comparative ecological
approach and in the fact that the main emphasis is throughout on the evolution of
the high altitude ecosystem as an integral part of the orogeny. High mountains are,
in all parts of the world, important and independent centres of origin and differ-
entiation of distinctive and highly specialized ecosystems and faunas. In addition
to discussing the characteristic insects, I have also dealt with other Arthropods like
Arachnida, Chilopoda and Diplopoda, the species of which are among the dominant
members of diverse high altitude communities throughout the world. In these dis-
cussions, the problem of synonymies of species in such a diversified group of
Arthropods has presented insurmountable difficulties; 1 have, therefore, largely
followed widely uscd names of genera and species.

The book is divided into sixteen chapters. The first chapter discusses the concept
of high altitude and defines the high altitude insects, on the basis of their origin and
differentiation on mountains. The next three chapters deal with the ecology of
high altitudes and high altitude insects. The fifth chapter surveys the major groups
of high altitude insects and other related Arthropods in systematic order. The
peculiarities of distribution of insects on mountains are summarized in the sixth
chapter. The outstanding characters of the tropical mountains are discussed in the
seventh and cight chapters. The ninth and the tenth chapters are devoted respec-
tively to the Himalaya and the Pamirs-Tien Shan Systems. Then follows a chapter
on the Alps and the Carpathians and the twelfth chapter gives the salient facts
about boreo-alpine insects, in so far as they relate to the high altitude entomology
of the European mountains. The other mountains of the Palacarctic Realm and the
North American mountains are dealt with in the next two chapters. The fifteenth
chapter is devoted to the subarctic and arctic mountains and the last chapter to the
south-temperate and Antarctic mountains. The insect life of most of these moun-
tains is only very imperfectly known and there are large gaps in our knowledge of
the taxonomy, ecology and biogeography of even the better explored regions of
the world. It is hoped, however, that this book will stimulate further research in
an extremely interesting and little explored field of biology.



X1v Preface

There is at the end of the book a bibliography of over 1100 titles, arranged
alphabetically authorwise and numbered serially; the serial numbers are quoted in
the text. The bibliography does not claim to be exhaustive, and includes only the
works which are relevant to the main theme of the book. The book is illustrated
by eighty figures, most of which are original and the sources of the others are
suitably acknowledged.

I take this opportunity of expressing my heartfelt thanks to the authorities of the
various institutions in India and Europe for facilities for my work. I am particularly
indebted to the Institute of Zoology, Academy of Sciences, USSR, Leningrad, for
facilities for work, donations of specimens and important literature and numerous
other courtesies. Prof. OLGA L. KRYZHANOVSKY of the Institute of Zoology, Leningrad,
most generously placed at my disposal his valuable collections of Coleoptera from
the Alai-Pamirs. The celebrated Soviet botanist, Academician Prof. . p. KOROVIN,
Moscow, a few weeks before his death and despite his rapidly deteriorating health,
discussed with me in considerable detail the salient features of the ecology of the
Middle Asiatic mountains. I am greatly indebted to Prof. s. M. YABLAKOV-KHNZO-
RYAN of the Institute of Zoology, Academy of Sciences, Armianskii SSR, Erivan,
for valuable advice and discussions on the high altitude Coleoptera of the Armenian
mountains. Dr. VLADIMIR ALEXANDROVICH TRJPITZIN of the Institute of Zoology,
Leningrad, helped me greatly in collecting insects on the Caucasus. I am extremely
thankful to Dr. 16OR BELOLIPOV, Botanic Garden, Academy of Sciences, Uzbek SSR,
Tashkent, for identifications of the subalpine and alpine zone plants from the
Pamirs, Ala~Tau and the Tien Shan and for his enthusiastic help in collecting many
unique specimens of insects on the Ala-Tau and the Central Tien Shan mountains.
The Director, Institute of Botany, Azerbaijan Academy of Sciences, Baku, donated a
number of herbarium specimens of the alpine-zone plants from the Eastern Caucasus.
My sincere thanks are due to my colleague Dr. k. . TIWARI, Zoological Survey of
India, Calcutta, for his willing help in collecting insects, particularly subalpine and
alpine Lepidoptera, on the Trans-Ili Ala-Tau and other mountains of the Central
Tien Shan. I am extremely grateful to Prof. Dr. E. SCHIMITSCHEK, the Editor of
the Series Entomologica, for many valuable suggestions and for his personal in-
terest in this book. Last and by no means the least, my thanks are also due to
Mr. s. GHosAL, Librarian, Zoological Survey of India, Calcutta, for numerous
courtesies.

M. S. MANI



CHAPTER 1
INTRODUCTION

The high altitude insects, in contra~distinction to the lowland forms, occur
exclusively at high clevations on mountains. They are essentially inhabitants of high
mountains. As, however, insects are found in great abundance and diversity, con-
tinuously from the sea~shore to the foot of mountains and thence upward, without
a break, to almost within the shadow of some of the highest mountain summits in
the world, it is not always easy to determine whether a given insect is a true high

altitude species. The difficulty is in part also due to the vagueness of the expression
“high altitude”.

I. THE CONCEPT OF HIGH ALTITUDE

When we speak of high altitude, we assume clevation in relation to the sur-
rounding lowland, which is of course variable, or the land that might theoretically
exist at sea-level at the latitude of the mountain, which is unfortunately misleading.
Thessocalled “mean sea-level’ isitself more or less in the nature of a myth. As is well
known, the sea-level varies considerably from place to place and from time to time
(1056). Even the mean of observations extending over several years and the simul-
taneous means of the level vary appreciably from place to place. The British Ordnan-
ce Survey’s Datum level at Newlyn in Cornwall, observed during the period
1915-1921 is ordinarily used in the United Kingdom. Other countries have naturally
different means for the sea-level, observed over long periods of time. A variety of
complex factors like the tides, occan currents, glacial climatic changes, crustal
movements and other unknown cosmic events underlie the changes in sea-level.
The custatic sca-level has, for example, undergone very significant changes, often
amounting to several hundred metres, consequent on the unloading and melting
of the inland ice-mass at the end of the Pleistocene. Recent evidence seems to indicate
that the Antarctic ice-mass is increasing, so that the sea-level as a whole is falling all
over the world. Even if we ignore these changes over such long periods as too small
to be of practical importance, particularly in high altitude biology, we are never-
theless faced with another difficulty. It does not scem to have been satisfactorily
determined so far as to how high a region must be above the general level of the
surrounding lowland in order to be considered as high altitude. For example, some
workers consider elevations of even 1500 m as high altitude, but others refer to
mountain regions above an elevation of 2290 m as high altitude (648). As we shall
see further on, altitude as such is really of very little biological significance, except
as merely an indirect measure of certain complex ecological conditions and speciali-
zations in organisms. The concept of high altitude is also biologically meaningful
only when considered in correlation to the presence of a relatively dense and moisture-
laden atmosphere and the other complex conditions under which organisms have
evolved on our planet.



2 M. S. Mani—High Altitude Insects
2. MOUNTAINS AS INSECT HABITAT

Regardless of the limits that define high altitude, it must be emphasized here that
the high altitude insects belong to the immense ecosystem in which the mountains
are habitats. The terms mountains and hills are, however, only relative and cannot
be precisely expressed in units of altitude. A hill is defined, for example, as a high
mass of land, less than a mountain and a mountain is a high hill. Their use is often
more or less arbitrary. Mt. Washington in the eastern United States of America is,
for example, not so high as the Black Hill, but it is called, by general consent, a
mountain. Again, the Rocky Mountains of America are nowhere so high as most
of the “hills” in India. Aside from altitude, an essential feature that distinguishes a
mountain from a plateau is the relatively limited width at the summit. Mountain
masses do not generally stand alone, but form parts of irregular groups (for example,
the Adirondack Mountains of the eastern United States) or of large regular belts,
extending more or less unbroken over vast areas, often the entire length of a con-
tinent, and constituting ranges, systems and chains. A mountain range is a complex
or a series of related and more or less continuous ridges. A mountain system is a
group of mountain ranges of similar form, structure, alignment and origin. We have
for example, the mighty Alpine System or the Himalayan System. The expression
“mountain chain’ is applied to any elongate mountain unit of several groups and
systems, regardless of similarity and relationship. v. mumBoLDT called a series of
mountain chains, systems and ranges that form a more or less compact elevated
area of vast extent in America as the cordillera.

As mountains are the habitats of the high altitude insects, it is perhaps useful to
refer to certain fundamental, though well known, facts about the structure and
uplift of mountains. Broadly speaking, mountains are of two types, viz. the tectonic
or original mountains and the relict or subsequent mountains. The tectonic
mountains are the result of piling up of material at the surface of the earth or of
subterranean action leading to folding and rupturing of the earth’s crust. The
relict mountains are merely the residual portions of former highlands. They are
relicts of more or less elevated tracts, which have been gradually reduced in extent
and largely subdued by forces of decay. They are truly remnants of former pla-
teaux.

The tectonic mountains are of two major groups: i. the accumulation mountains
and ii. the deformation mountains. The accumulation mountains are further sub-
divided into the volcanic types and the epigene types. The volcanic types include
the debris cones, the lava cones of viscous lava, lava cones of liquid lava, composite
cones, geyser cones and air volcanoes or the pseudovolcanic mountains. The epigene
types comprise the glacial hills and the acolian hills. The deformation mountains
are subdivided into i. the fold mountains, ii. the dislocation mountains and iii. the
laccolith mountains.

Volcanoes consist of material ejected from and accumulated around an orifice in
the earth’s crust. Some of them are composed entirely of rocks, others of sheets of
masses of lava and still others of debris in part and lava for the rest. A volcano is,
therefore, essentially an opening in the earth’s crust, through which heated material
is brought from inside to the surface. Nearly all volcanoes assume the form of hills or
mountains, often rising to great elevations. As is well known, volcanic mountains
are of three general types, viz. the active, dormant and extinct. They are all originally
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built up by their own eruption, but exhibit at present wide differences in shape,
structure and behaviour. The extinct volcanoes, like the Chilean Aconcagua
and the Mexican Ixtaccihuatl, do not have either craters or lava cones. They are
really peaks of volcanic origin, rather than actual volcanoes. Others like the Mt.
Kilimanjaro (fig. 30) and the Chimborazo, though since long cold at their core,
still retain all the external features of a typical volcano. Dormant volcanoes, found
in the Cascade Range of the United States of America, are cones that have remained
since long inactive but their internal mechanism makes them capable of further
eruption. Active volcanoes differ greatly in size and other characteristics. The great
Hawaiian craters, forming part of the high mountain system, are continuously
active, but are seldom really destructive to human civilization. Lower isolated
mountains like the Vesuvius and the Pelé (West Indies Island of Martinique) have
remained quiescent for centuries, only to break out suddenly in violent eruptive
activity. The most cataclysmic volcanic eruption in recent years was unquestionably
that of Krakatoa in 1883. Strictly speaking, Krakatoa is not a mountain at all, so
much as a volcanic island, which exploded and all but completely vanished into the
sea. Paricutin, which appeared in 1943, is the most spectacular of recent eruptions
and did not emanate in a mountain, but simply spewed forth from a flat Mexican
corn-field. There are at present nearly four hundred active volcanoes on the earth.
As is well known, they are mostly situated fairly close to the sea in regions, where
the folding and faulting of the crust are still in active progress. To mention only a
few, we have the Vesuvius, the Etna, Stromboli and Iceland in Europe; Erebus and
Terror beneath the permanent ice and snow, with the former still in an active state,
in the Antarctica; the Pacific shores beginning from the tip of South America,
extending the whole length of the cordillera in the Andes of Chile, Peru, Bolivia,
Ecuador, Guatemala, Mexico, northern California, Oregon, Washington, Alaska,
the Aleutian Islands, Japan, Formosa, Philippines and the East Indies to New Zealand
(151, 888, 1053, 1124).

Nearly all the great mountain ranges and mountain chains, of ecological and
biogeographical interest to the entomologist, are really the fold mountains. As the
name itself implies, they consist mainly of much folded and steeply inclined rock
strata. They owe their origin to either one long lateral thrust or two or more
repeated thrusts, separated by more or less wide intervals of time, so that the younger
folds flank older folds. The relief of a fold mountain chain often coincides more
or less closely with the disposition of its rocks. Long parallel ranges and intervening
depressions correspond to the undulations or the foldings of the strata. The ridges
are formed of anticlines or saddle-backs, with rooflike arrangement of the strata,
inclined in opposite directions from a central axis plane. The intervening longi-
tudinal valleys occupy synclines or trough-shaped structures, where the strata dip
from opposite directions towards a central axis.

Some of the dislocation mountains also constitute chains and ranges, but they
do not equal the great fold mountain systems like the Alps, the Himalaya or the
Andes. They owe their origin to the fracturing of the crust, by unequal subsidence of
the ground, along lines of vertical displacement. They represent essentially segments
of the crust which have maintained their relative position, while the neighbouring
tracts have broken away from them and have subsided. The best known dislocation
mountain ranges are perhaps the parallel ranges of the Great Basin of North America.
We have here a remarkable plateau, surrounded on all sides by lofty mountains,
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extending north and south for almost 1300 kilometres and stretching east-west
between the Sierra Nevada of California and the Wahsatch Mountains for about
800 kilometres. The long parallel ranges, rising to 900-1500 m above their bases, are
bounded by normal down-throw faults. The Vosges Mountains in Europe are also
true dislocation mountains. The laccolith mountains are the result of subterranean
igneous action, the crust being bulged upwards, owing to the pressure of concealed
mass of molten rock from below. The Henry Mountains of Utah are typical lacco-
lith mountains.

3. MOUNTAIN INSECTS

High mountains are found on all the continents. Every type of mountain, not
excluding even some of the active volcanoes (483, 747, 797), supports a rich and
more or less diversified insect life (211, 296, 298, 300, 518, 730, 731, 788, 1021, 1023).
Nevertheless, not all the insects that occur on any mountain can be considered as
high altitude species. Indeed many typically lowland species of insects and numerous
other related Arthropoda often occur at remarkably high elevations on nearly all
the mountains in the world. A great many of the insects one often comes across on
mountains are either accidental or are regular but nevertheless temporary visitors
from the surrounding lowlands and do not breed on the mountains. Incredibly
large numbsers of insects are lifted from the lowland by warm updraft air currents to
high altitudes, to be chilled dead, blown passively and eventually cast on high
mountain slopes (730). There are others that are, however, true residents and habitu-
ally breed on the mountains and are not as a rule met with on the lowlands. These
are the true mountain autochthonous species—the species that have evolved on the
mountains. The differentiation and evolution of mountain autochthonous species
have conceivably taken place more or less both within the forest that covers the
mountain slopes and also at much higher elevations, above the limits of the forest,
indeed on barren summits. Sufficiently marked and characteristic ecological differ-
ences and specializations, closely correlated with numerous physiological, bio-
geographical and evolutionary peculiarities, appear among the mountain au-
tochthonous insects at the upper limits of the forest on mountains and serve to
distinguish them from those of the montane forest and of the lowland biota. The
mountain autochthonous insects that habitually exist at elevations above these
limits are the true hypsobiont or high altitude insects.

4. THE FOREST-LINE ON MOUNTAINS: THE THRESHOLD OF HIGH
ALTITUDE BIOTA

The upper altitudinal limit of the closed and continuous forest or the socalled
forest-line on mountains constitutes a relatively sharply defined boundary between
two essentially different classes of ecosystems. The forest-line is ecologically a more
or less wide transitional altitudinal zone at which the forest, with its characteristic
fauna, gives place to the open vegetation of the elevated areas, with a more or less
specialized fauna.The upper limit of the forest on mountainsis often called treeline or
timber-line, but it must be remembered that a distinctive zone of stunted shrubs lies
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between the edge of the forest and the typically open vegetation higher above. The
forest-line may, therefore, be either a treeline as for example on the Rocky Moun-
tains or a shrub-line as on the Presidential Range of the United States of America.

The upper altitudinal limits of the forest on mountains are subject to considerable
variation and depend on whether the mountain is situated in the northern or the
southern hemisphere, the latitude of the mountain, the nature of the general climate
of the region in which the mountain range is situated, the direction or aspect of the
mountain slope but particularly the north-south slope, the presence and arrangement
of ridges and valleys, the general trendline direction of the mountain ranges and
numerous other complex factors (96, 97, 227, 433, 436, 634-636, 779, 959, 960).
The local shifting of the altitude of the forest-line higher or lower is also governed
by the atmospheric temperature, atmospheric humidity, the extent and duration of
the winter snow-cover on the mountain, the prevailing winds, soil temperature and
moisture, the gradient of the mountain slope and finally by the massiveness of the
mountain range. The forest-line altitude is, for example, higher on massive moun-
tains than in the case of isolated mountains. A close parallelism exists on the Alps and
some other mountains of the northern hemisphere between the timber-line alti-
tude and the mean midday atmospheric temperature of the vegetative season, from
May to September. In most parts of the world, the timber-line coincides with the
altitude of 10-12° C isotherm of the mean midday temperatures during May-
September. KGPPEN (634) found, for example, that the 10° C isotherm and the forest-
line coincide both at high altitudes on mountains and at high north latitudes on
lowlands.

The timber-line is by no means permanent on any mountain, but oscillates
within wide limits with the passage of time. The trees gain sometimes and the
forest ascends higher, but they often also lose ground so that the timber-line comes to
lie at lower elevations. Complex climatic and other environmental conditions, some
of which seem to be more or less indirectly correlated with sunspot cycles, govern
these long-term periodical oscillations and non-periodical changes in the timber-
line. As mountain building is still active in many parts of the world, even a relatively
small increase in the elevation of the mountain shifts the timber-line. Profound
changes in and sometimes even permanent recessions of the timber-line on moun-
tains are brought about by attacks of insects in mass outbreaks on the trees at the
timber-line. NUORTEVA (796) has, for example, reported a permanent recession of the
timber-line on the arctic hill Ailigas (623 m above mean sea-level) at Karigasniema
in North Finland. The forest on the slopes of this hill are the subapine Empetrum-
Lichenes-Pleurozium or the Empetrum-Myrtillus formations. The scrub-like Betula
pubescens EHR. (= Betula tortuosa LDB.) on the timber-line suffered complete defoli-
ation as a result of mass outbreaks of the Geometrid Oporinia autumnata (Bxs.) during
1927, followed also by secondary damage by the stem-borer Coleoptera Hylecoetes
dermestoides LINN. and Agrilus viridis LINN. These outbreaks are particularly most
intense at the timber-line, because of the absence of predatory ants and the parasitic
Ichneumonids in this zone. Recovery of the scrub vegetation over extensively
devastated areas may need no less than one hundred and fifty years, in the course of
which favourable climatic conditions may not perhaps continue long, so that the
forest-line has suffered a permanent recession in the region.

From the foregoing, it is evident that the forest-line on mountains must differ in
different parts of the world and also on different mountains even on the same latitude
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and hemisphere. In the northern hemisphere, it is fundamentally different both in its
altitudinal magnitude, species composition and other ecological characters from
that on mountains of the southern hemisphere. On Mt. Elgon, situated almost on the
equator, an clevation of 3400 m above mean sea-level is the upper limit of
forest, but on the north Fennoscandian mountains it lies at elevations between 400
and 9oo m. The forest-line on some of the important mountains of the world is
shown in fig. 1. On the Alps it lies at elevations between 2000 and 2100 m on the
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Fig. 1. The upper altitudinal limits of the closed forest on different mountains and
the maximum altitudes reached by Phanerogams and insects.

south slope and between 1900 and 1800 m on the north slope. On the Himalaya,
the forest-line is at an elevation of about 3620 m. On some parts of the Andes the
forest reaches as high as 3600 m. On Mt. Marcy in North America the forest-line
is really an irregular zone, about 1500 m above sea-level. In the Pamirs Region the
treeline is at 2400 m in Dshailgan, but a zone of shrubs ascends to an elevation of 2800
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m and a grassy meadow zone to 3400 m. On the Trans-Alai Mountains the meadow
zone is at elevations between 3200 and 3400 m. The highest forests in the world as-
cend up to an elevation of 4600 m in Tibet. In the New World, at the same latitude,
viz. 48° NL, the timber-line varies from 3500 m on the Rocky Mountains to 2000 m
on Mt. Rainier. The timber-line on most mountains in the northern hemisphere really
indicates the beginning of the socalled alpine vegetation, characterized by Empetrum,
Rhododendron lapponicum, etc. Although the forest disappears at the socalled forest-
line, isolated trees and a most remarkable group of Phanerogams grow up to much
higher elevations, often above 6000 m above mean sea-level, on the Himalaya.
Phanerogams grow at elevations of 5700 m in parts of Tibet, 3780 m on the Alps and
at 4870 m on the Andes. On the Bolivian and Chilean Andes, trees (Polylepts) grow
even at elevations of 4900-5000 m.

5. THE BIOME ABOVE THE FOREST

The biome immediately above the upper limits of forest on mountains is generally
called the alpine zone in most parts of the world (235, 236, 237, 259, 1084). The
alpine zone extends thus from the forest-line up to the permanent snowline, above
which lies the socalled arctic zone. It is also the general practice to describe the region
above the forest as the montane tundra, in contra-distinction to the taiga zone of the
conifer belt near the upper limits of the forest on the mountains of the northern
hemisphere. The alpine zone is usually further subdivided into a number of sub-
zones, like the subalpine, the eualpine, the high alpine, the subnival, eunival and
high nival zones. There is, however, no general uniformity in the names applied
for the different subdivisions of the life zones above the forest and in their precise
limits. The boundary lines between the various zones are naturally not sharply
defined, but show considerable variations on different mountains, depending on a
complex of local factors. Sometimes long narrow tongues of the high-alpine zone
descend to even within the upper limits of the forest zone. High alpine enclaves may
sometimes be found within the upper reaches of the forest, giving rise to peculiar
local inversions of the life zone succession (96). Of the seven biotic zones recognized
by cams (395) on the Central European mountains, four are above the timber-line:
i. the nival zone from the highest peaks down to the level of abundant growth of
vegetation mats, at elevations between 2900 and 3100 m on the north slopes of the
Alps; ii. the subnival zone or the zone of vegetation mats up to the closed meadows,
2400 to 2600 m on the north slope and 2600 to 2750 m on the south slope; iii. the
upper alpine zone or the grassy meadow zone, between the closed meadows and the
shrub zone, at elevations of 2040 to 2100 m in some localities and 2100 to 2150 m in
other localities and 2150 to 2230 m in still other localities; and iv. the lower alpine
zone or the shrub zone, reaching as high as 2400 m and as low as 1900 m. The sub-
alpine, the upper montane and the lower montane zones are below the forest-line.
HOLDHAUS (526, s31) differentiates a high-alpine zone, extending from the lowest
limit of snow patches in July to the upper limits of animal life, from the transitional
or the intercalary zone down to the timber-line, corresponding roughly to the lower
alpine zone of GAMSs. FRANZ (369, 378) does not differentiate between the nival and the
subnival zones, but combines the two into a single nival-subnival zone. Others
apply the term arctic zone for the nival zone on mountains.
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6. HYPSOBIONT INSECTS

The mountain autochthonous insects that exist above the forest-line are generally
described as alpine insects. This practice overlooks, however, the existence of a most
remarkable group of insects and other related terrestrial arthropods at elevations
higher than the strictly alpine zone on mountains. It also ignores the fact that the
life zones do not exactly correspond on different mountains. The life zones above the
forest are not also strictly comparable on all mountains. The zone immediately
above the forest on the Himalaya should really correspond altitudinally at least not
with the lower alpine zone but to the eunival zone of the Alps and is therefore in no
sense ecologically comparable with the Alps. The elevated areas above the forest in
the Pamirs Region or on the Andes cannot also be correctly described as truly alpine
areas. The term alpine zone is also quite misleading when applied to the Ethiopian
and East African high mountains. Some workers have indeed used the expression
Afro-alpine to describe the biotic zone on these mountains (387). Furthermore, we
have also seen that the alpine zone may commence at elevations of 400 m or also
above 3000 m. The alpine zone commencing at an elevation of 400 m can hardly be
described ecologically as high altitude. Considered from the point of view of
ecology, biogeography and evolution, high altitude is the region on mountains
that is sufficiently elevated above the surrounding lowlands to be characterized by
significant climatic differences, different flora and fauna. Pronounced ecological
differences and characteristic high altitude specializations appear among the moun-
tain autochthonous insects in the socalled alpine zone that commences at elevations
above 2000-2500 m only. We prefer, therefore, the more general and also more com-
prehensive expression hypsobiont or high altitude insects to alpine insects. The high
altitude insects may thus be described as an ecologically highly specialized, mountain
autochthonous group existing exclusively in the biome above the forest, at elevations
above 2000-2500 m. The upper limit of high altitude insect life extends, at least as
at present known, up to elevations of 6800 m—it is perhaps quite conceivable that
insects exist even much higher, perhaps on the highest mountain summit on the
earth. Defined in this way, the expression high altitude insects embraces the insect life
of the subalpine, the eualpine, high-alpine, subnival, eunival, the high nival and
higher zones, to the very extreme high elevations at which insects possibly exist on
the earth at present. Our criteria in determining a species as high altitude insect are
not therefore taxonomic, but exclusively ecological and evolutionary.

We shall attempt to describe in the following chapters the outstanding and
distinctive characters of the high altitude environment, the ecological and bio-
geographical specializations of high altitude insects, the high altitude insect types
and the comparative high altitude ecology and entomology of the principal moun-
tains of the world.



CHAPTER II

THE HIGH ALTITUDE ENVIRONMENT

This chapter describes the outstanding properties of high altitude environment,
with particular reference to insect life. Considerable emphasis is laid on the funda-
mental differences between the high altitude and lowland environments. The high
altitude environment is also differentiated from the arctic environment, with which
it has been compared by earlier workers.

I. THE CONCEPT OF HIGH ALTITUDE ENVIRONMENT

The high altitude environment, compared to that of the lowlands, represents a
highly specialized extreme. While in a sense it constitutes a wholly new type, the
greatest majority of the environmental factors that influence the high altitude
insect life operates also near the sea-level. Strictly speaking, there are exceedingly
few new factors at high altitudes on mountains that are not already familiar to us in
the montane forest or in the lowland prairie. Their magnitudes, relative importance
mutual interactions, effects on insects and their reactions are, however, fundamen-
tally different at high altitudes (730). The key to this difference is altitude. It is altitude
that profoundly modifies, either directly or indirectly, every environmental
factor, so as to give rise to the specialized environment of the high altitudes on
mountains.

It must, however, be recognized that altitude as such is not an ecological factor.
Altitude is merely a measure of the mean environmental complex that is distinctive
from the prevalent environment of the lowland. The ecological importance of
altitude rests, in the final analysis, on the characteristic conditions under which life
exists at present on this planet, particularly two major fundamental factors, viz. the
presence of a relatively dense atmosphere containing water vapour and the action of
gravity on this atmosphere. Under the action of the earth’s gravity, the molecules
of the component gases of the air tend to be heavily concentrated close to the surface
of the lowland, so that the atmosphere is densest at sea-level and becomes progres-
sively less dense as the altitude above the surface of the earth increases. The complex
ecological peculiarities that we ordinarily attribute to altitude are in reality the
resultant of this action of the earth’s gravity on the atmosphere. The high altitude
environment is, therefore, essentially the environment of reduced atmosphere. On
a waterless satelite like our moon without an atmosphere or also on a planet like
Mars with only a relatively thin atmosphere, a high altitude environment, as distinct
from the lowland environment, would not possibly exist. The high altitude con-
ditions of the Earth would be prevalent in a rather highly exaggerated condition
even at the bottom of the craters on the moon. The general conditions on the summits
of the mountains on the moon are not also likely to be ecologically very different
from those of the surrounding lowland. The atmospheric pressure on the general
surface of Mars is, for example, only 83 millibars and it approximates to that of
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about 18000 m above mean sea-level or more than twice the altitude of Mt. Everest
on the Earth. The Martian atmosphere is composed roughly of 98.5% nitrogen,
1.2%, argon, 0.25%, carbon dioxide and 0.1%, oxygen. Even on the lowlands on the
planet Mars extreme high altitude environment of the Earth-type should prevail at
the bottom of such a thin atmosphere. On such a planet, it would be therefore quite
meaningless to speak of high altitude environment as we understand on the earth,
even if we assume that there are high mountains and that earth-type of organisms
exist on Mars*.

2. REDUCED ATMOSPHERIC PRESSURE

As is well known, the immediate effect of increase of altitude is the fall in atmos-
pheric pressure, as a result of the reduction in the density of the air. Atmospheric
pressures above the forest-line on the Himalaya are, for example, about two-thirds
that at sea-level. At elevations of about 6000 m above mean sea-level, the atmospheric
pressure on most mountains is less than half that at sea-level. At higher elevations,
the rarefaction of the air becomes even more rapidly pronounced. The fall in the
atmospheric pressure with the increase in altitude is not, however, uniform at all
elevations. Oxygen, about one-fifth of the air at sea-level, becomes increasingly
deficient with the rarefaction of the air as the altitude increases. The oxygen tension
of the atmosphere at the forest-line on the Himalaya is, for example, only 68%, that
of the air at sea-level and about 459%, at elevations of 6000 m (vide table 1). Compared
to nitrogen, oxygen is somewhat heavier (density of oxygen is 1.429 g/l, density of
nitrogen is 1.251 g/l) and thus also tends to be rarefied more rapidly than nitrogen,
as the elevation increases (fig. 2).

The mean atmospheric pressure at the same elevation differs within fairly wide
limits on different mountains, depending on the latitude of the mountain and other
complex sets of atmospheric conditions.

The effect of oxygen deficiency in the air at high elevations begins to be felt by
human beings at pressures less than 350 mm Hg, by monkeys at 300 mm, pigeons
at 350 mm, cats at 270 mm, dogs at 250 mm, rabbits at 200 mm, but only at 100 mm
by frogs (928). The greatest altitude climbed by man without the use of artificial
oxygen apparatus is 8540 m above mean sea-level by Norton on Mt. Everest.
The highest altitude of permanent human habitations is 4800 m above mean sea-level
in Tibet, but most shepherds on the Himalaya ordinarily climb to summer pastures
at elevations of s500 m. The mountain sheep, ibex and yak are found up to elevations
of §800 m on the Himalaya. These sink into relative insignificance when we recollect
that a remarkable group of insects, mites and spiders habitually flourish at elevations
of at least 6800 m on the Himalaya (fig. 3).

In the case of insects, however, the increasing oxygen deficiency of the air at high
elevations does not seem to have any appreciable direct effect. Most insects are known

* Recent American Mariner IV (launched in November 1964) photograph project has
shown that the atmosphere on Mars is actually thinner than has been believed so far.
On the general surface, the pressure corresponds to what we find at altitudes of 28 0oo-
30 000 m above mean sea-level on the earth—in other words three to three and a half
times higher than the Mt. Everest. Owing to the weaker gravity, the molecules of the
Martian atmosphere may have largely escaped into the interplanetary space.
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TABLE 1

Atmospheric pressure and oxygen tension at
different elevations
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Altitude Atmospheric ~ Percentage
in m pressure of oxygen
in mm Hg tension to
that at
sea-level
Sea-level 760.00 100.00
304.8 733.00 96.40
1000.0 673.90 88.60
1524.0 634.40 83.21
2000.0 595.00 78.20
3000.0 5§19.40 68.30
4000.0 468.10 61.50
5000.0 398.00 $2.40
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to be extraordinarily resistant to not only extremely low atmospheric pressures, but
also to rapid alternations of low and high atmospheric pressures.

Recent laboratory investigations with diverse reptiles and mammals, especially
with rats and dogs, inside reduced air-pressure chambers to simulate the conditions
of high altitude approximating to 7620 m above mean sea-level, have shown that
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Fig. 3. Under the action of the Earth’s gravitation, the molecules of the air tend to

crowd near sea-level, so that the air is progressively rarefied as the elevation increases.

Insects are able to withstand a high degree of hypoxia under experimental conditions

and also seem to be capable of surviving at much higher elevations than the highest
mountain summits on the earth.
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these animals are less capable to tolerate very low atmospheric pressures and high
degree of hypoxia and even anoxemia, than insects (40-43, 230, §12-514, 715,
716). Exposures to artificially induced hypoxia have given rise to numerous
characteristic pathological conditions in these experimental animals. core (216),
BACK & COTTON (72) and other workers have shown that insects are capable of
withstanding an almost complete vacuum for several hours and even days. Their
ultimate death under these conditions is really due not to the direct hypoxia or
anoxemia, but to the exceedingly rapid evaporation of their body fluids (111,
462). Lutz (715) exposed millipedes, Drosophila, beetles, butterflies and bees to
low atmospheric pressures in the neighbourhood of 1/10000 mm Hg for 9o seconds
without visible harm (fig. 3). This would approximate the conditions at an elevation
of about 10 000 m above the general surface of the planet Mars or on a planet that
has an atmosphere about one and a half times less dense than even on Mars! These
experiments doubtless indicate that most insects might be able to survive low air
pressures equivalent to altitudes much greater than normally might be experienced
on the earth at present. While undoubtedly of great physiological and pathological
significance, these experiments do mnot, however, reproduce exactly complex
ecological conditions prevailing at high altitudes on mountains. The oxygen defi-
ciency and the low barometric pressures are no doubt simulated, but the other
environmental conditions, such as the high rate of evaporation, rapid insolation,
radiation, high intensity of sunlight, intense ultra-violet radiation and atmospheric
cold, are completely ignored. These experiments do not, therefore, provide any
real clues to the actual conditions, under which the high altitude insects flourish on
mountains. The ground effects under conditions of thin atmosphere are also com-
pletely lost sight of. Furthermore, such experiments merely serve to test the physio-
logical limits of protoplasmic possibilities, of which there can be no serious doub,
but completely fail to yield any satisfactory and meaningful indications of the
ecological properties of insect life at high altitudes on mountains (730). Such experi-
mental investigations do, however, emphasize the fact that insects are not likely
to be directly influenced, to any significant extent, by the reduced atmospheric
pressure at high altitudes in the same way as Vertebrata are affected. The oxygen
deficiency of the air at high elevations, while seriously impairing the normal meta-
bolic and reproductive activities of various warm-blooded animals, is seemingly
without a direct effect on the high altitude insects. As is well known, the generally
low atmospheric temperatures at high elevations most probably tend to depress the
general respiratory rate of organisms and the insect does not apparently suffer any
serious ill effects from the low oxygen tension of the semi-rarefied air at an elevation
of 6000 m above mean sea-level. The lesions commonly produced at high altitudes
in the warm-blooded animals are not perhaps wholly due to the oxygen deficiency,
but also in great part to the escape of bubbles of free nitrogen gas from the dissolved
air into the blood stream, as a result of the abrupt lowering of the pressure. Since,
however, the blood has no respiratory significance in insects, comparable to that of
the Vertebrata, the tracheal respiration probably enables insects to withstand great
and sudden changes of atmospheric pressures. Although the direct effects of the
reduced atmospheric pressures at high altitudes are thus almost negligible on the
high altitude insects, the indirect influence through the modifying action on diverse
other environmental factors is very far-reaching and may be more or less readily
perceived in nearly every peculiarity of the high altitude insect life. The dominance
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of the atmospheric cold and the atmospheric aridity may both unquestionably be
observed as important ecological factors even at sea-level in different arid regions of
the world, but it is their combination and co-ordinated interaction with the reduced
atmospheric pressure that make the high altitude environment fundamentally
different from that of the Arctic North or of the Antarctic landmass. In spite of the
atmospheric cold, ice and snow, which are common to these areas, the environmental
conditions for insect life at high altitude on mountains are essentially different from
those prevailing in Spitzbergen, Greenland or the Arctic Alaska (fig. 8).

The modifying influence of reduced atmospheric pressure on the high altitude
environment as a whole is no doubt readily apparent even to the casual observer,
but it is not always easy to evaluate its effects on the individual factors. Some of the
more important known effects of the reduced atmospheric pressure on the other
environmental factors at high altitudes on mountains, in so far as insects are con-
cerned, include the following:

1. Reduced atmospheric pressure results in high transparency of the air.

2. The high transparency of the air favours low atmospheric temperatures, so
that the dominant high altitude ecological factor, viz. atmospheric cold is the result.
Atmospheric cold retards evaporation from exposed surfaces and thus serves partly
to counteract the harmful effects of high atmospheric aridity.

3. Reduced atmospheric pressure is also correlated with the reduced water vapour
tension of the air and thus directly favours high atmospheric aridity. The atmospheric
aridity progressively increases with the increase in elevation. This has the result of
low precipitation.

4. Low atmospheric temperature leads to precipitation of the atmospheric
moisture as snow and ice.

5. High transparency of the air and the low water vapour tension result in the
greatly increased intensity of ultra-violet part of the sunrays and also favour high
glare. The water vapour of the air absorbs solar radiation in the neighbourhood of
8000 A or also higher. In the clear sky the amount of solar radiation absorbed is
about 15% of the total incident radiation, but almost all the terrestrial radiation is
absorbed, so as to give rise to the well-known greenhouse effect. The transpatent
atmosphere at high altitudes is unable to do either of these (279). The atmosphere
normally screens the radiation from the inter-planetary space, so that very little or
none reaches the lowland areas. These radiations include cosmic rays from the inter-
stellar space (85% protons), of 10? to 10'® eV energy (maximum), solar flares of
protons of 10° to 1010 ¢V energy, low energy particles, etc. In the van Allen belt of
the atmosphere, the inner parts are characterized by the absorption of protons of
102 eV energy and electrons of 106V and the outer part of 105 ¢V energy. The
energetic primary particles have well-known biological effects, different from those
of electromagnetic radiations. The Roentgen-equivalent of human beings or the
dose in rads multiplied by RBE or the relative biological effectiveness (depending on
complex conditions like the particle type, its energy, dose rate, size of the target, etc.)
sufficient to cause nausea in man is 25 rads. Doses of 800 rads interfere seriously with
the blood-forming function in human beings. Doses of 400-500 rads lead to death in
50% of the cases within two months. The risk of leukaemia is doubled with doses of
30-40 rads. Permanent sterility arises on exposures to 500 rads. There is amuch
larger frequency of such injurious elementary particles at higher elevations than
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near the sea-level. The reader will find useful discussions on the general biological
importance of radiations by DILL (263), DUGGAR (286) and GIESE (407).

6. The rarefied and the arid atmosphere allows a high rate of insolation and
radiation.

7. Rapid insolation and radiation produce wide differences in the atmospheric
and ground temperatures and also tend to favour great diurnal fluctuations in the
surface temperatures of bodies exposed to the direct sunshine.

8. The rarefied and arid condition of the atmosphere accelerates the rate of
evaporation from exposed surfaces and thus favours rapid desiccation of delicate and
soft-bodied organisms.

9. On account of the atmospheric cold and aridity, the ecological importance of
soil temperatures and soil moisture comes to be very greatly increased for insect
life.

10. The ecological importance of snow-cover as a favourable factor for the high
altitude insects is enormously increased for the same reason.

11. The great aridity of the atmosphere and the increased rate of evaporation at
high altitudes tend to greatly magnify the ecological importance of atmospheric
cold as a favourable factor for the high altitude insects.

It is necessary to emphasize that regardless of the diversity and complexity of the
factors, the high altitude environment is a whole. The different individual environ-
mental factors influence some specific character or aspect of the high altitude insect
more than other factors and more directly than they influence other characters. In
addition to this main factor, numerous other auxiliary factors influence the same
character. Thus under the action of several inter-dependent and mutually interacting
factors, the character becomes modified in a specific manner. The modification
now triggers off a chain of other modifications. The ultimate controlling mechanis n
in this complexity of ecological factors, actions and the reactions of high altitude
insects is, however, the reduced atmospheric density, itself the result of altitude.

In this ecological factor-complex, interacting with the insects at high altitudes on
mountains, the atmospheric cold, atmospheric aridity and the micro-microclimate
may perhaps be said to be dominant. Although these three dominant factors are, in
the final analysis, but the secondary effects of the reduced atmospheric pressure,
their influence on the high altitude insects is more direct than that of most other
environmental factors. This is to be attributed to the peculiarities of the body
organization of insects. Nearly every factor seems to influence all the aspects of
insect life at high altitudes through these dominant factors rather than directly. It
must also be pointed out that the dominant factors more or less modify the action
of all other factors on the high altitude insects. As all these factors are, in addition,
mutually interactive, the reactions of the high altitude insects to these dominant
factors lead automatically to adjustments for nearly all the other factors also. The
dominance of the three factors mentioned above is the result of altitude. While
altitude alone has no remarkable direct effect on insects, it influences them by modi-
fying the other environmental factors. The more important effects of altitude
include the reduction of atmospheric pressure, atmospheric cold and aridity, high
intensity of solar radiation and snow-cover. The sum-total of these effects lies outside
the limits of optima observed in case of lowland insects, and in this sense the environ-
mental conditions at high altitudes on mountains may be described as extreme.
There is in Nature but a single indivisible and complex environmental factor, viz.
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the high altitude environment, in which we cannot isolate any element from the
other. The high altitude insects and the high altitude environment constitute integral
parts of a single high altitude ecosystem. The high altitude insects and the high alti-
tude environment are intertwined and interpenetrated so deeply with each other
that it is difficult or even impossible to define a satisfactory dividing boundary
between them—indeed such a boundary does not exist. The high altitude insects
react not to any isolated individual factor as such, but to the whole complex—to the
environment above the forest, at high elevations on mountains in toto.

3. ATMOSPHERIC TEMPERATURE

The relatively low density of the dust-free air, with scanty water vapour, and its
high transparency at high elevations on mountains readily permit the sunrays to pass
through, without the air itself being warmed up as appreciably as the denser and more
or less humid air near the sea-level. When the sun is not shining, the air readily
permits the rapid radiation of heat from the ground, again without itself undergoing
a rise of temperature. The mean atmospheric temperatures are, therefore, lower than
at sea-level. The low atmospheric temperature at high elevations on mountains is
thus one of the direct effects of the reduced atmospheric pressure.

a. The Temperature Lapse Rate

With the fall in the atmospheric pressure, the mean atmospheric temperature
also decreases as the elevation above the mean sea-level increases. In free air the rate
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Fig. 4. The lapse rate of atmospheric temperature with increase of elevation above
mean sea-level in free air in tropical and in temperate regions of the northern
hemisphere.
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Fig. 6. The altitudinal differences of the zero °C and the -25°C isotherms of the mean
atmospheric temperatures in the northern and southern hemispheres.

of fall of the mean atmospheric temperature or the socalled lapse rate of temperature
amounts on an average to about 6.2° C for each increase of 1000 m in elevation. The
lapse rate in free air in the tropical regions of the world differs from that in the temper-
ate areas. The mean temperatures of free air at different altitudes in the tropics and
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in the temperate regions are plotted graphically in figs. 4, 5 and 6. The temperature
lapse rate in free air is influenced by latitude; it is also different in the southern and
northern hemispheres at the same latitude. We find, for example, in fig. 6 a pro-
nounced difference in the zero and —25° C isotherms between the southern and
northern hemispheres. The temperature lapse rate is also very profoundly influenced
by other complex factors, particularly the presence of large continental masses and
massive mountains. On mountains, the lapse rate is influenced by numerous con-
ditions, so that the rate of fall of temperature with increase of elevation is not
uniform on all mountains or even on the same mountain. On the Central Alps, for
example, the fall of temperature with increase of elevation amounts to about 7° C
for each increase of 1000 m in elevation. On the Caucasus the lapse rate is 6.6°, on
Mt. Washington on the Presidential Range in the eastern United States of America
it is 5.4°, on the Rawenzori Range in Equatorial East Africa it amounts to only 4°
and on the tropical parts of the Andes to 5° C. The temperature lapse rate is fairly
uniform on the Himalaya up to the upper limits of the forest, but becomes abruptly
and irregularly rapid at higher elevations, especially above 4000 m. The temperature
lapse rate is conspicuously different on the different ranges of the Himalaya and on
the south and north slopes of the same range. As a rule, the lapse rate is smaller on
massive mountains than on isolated mountains. It is also smaller on equatorial
mountains than on those in the extreme northern latitudes.

Some examples of these differences may be given here. The 10° C isotherm is
reached at an elevation of about 5000 m on equatorial mountains but even at sea-level
at 65° NL. This isotherm lies at an elevation of 3400 m on M:t. Elgon in equa-
torial East Africa, at 2350 m on Mt. Rainier, between 1900 and 2100 m on the
Alps, at 2775 m on the Kuen Lun Ranges, about 3625 m on the Himalaya and at
600 m on Fennoscandian mountains. The zero degree isotherm lies at different
altitudes on different mountains, depending mainly on the latitude and continentality
of the mountain, its massiveness, the slope aspect and other conditions. The freezing
point is reached on Mt. Kilimanjaro (fig. 7) in equatorial East Africa at an elevation
of 5500 m, on the Atlas Mountains at 3350 m, on the Alps and Pyrences about 2590
m, on the Caucasus at about 3000 m, on the Nepal Himalaya at 4480 m, on the
Kumaon Himalaya at §180 m, on the Northwest Himalaya at 5790 m, in western
Tibet at 6090 m, on the Karakoram Range at elevations between 5500 and 5650 m,
on the Tien Shan System at 3350 m, on the Alai Mountains at 4260 m and on the
Scandinavian mountains at 610 m.

The mean atmospheric temperature at the same elevation differs, therefore,
within wide limits on different mountains. The mean values do not also provide
any clue to the actual temperatures prevalent in many localities. At an elevation of
about 4500 m on the Great Himalaya (vide Chapter IX), for example, the range of
atmospheric temperature lies between —10.5° C and 9.5° C and at elevation of
5600 m it may range from —12.0° C to 7.0° C. On the Karakoram Ranges the
mean atmospheric temperature is reported to be about —30° C at an elevation of
7300 m. On the summit of Mt. Everest the atmospheric temperature is —45° C.

The relation between the altitudinal lapse rate of temperature and the latitude of
the mountain is illustrated, at least in part, by the well known HOPKIN'S bioclimatic
law (540, 541). According to this law, a mountain region, about 1525 m above
mean sea-level, corresponds in its mean atmospheric temperature and general
climatic conditions at sea-level to a latitude of 12° 30’ further north. In other words,
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Fig. 7. The altitudes of the zero °C isotherms of the mean atmospheric temperature
on some of the principal mountains of the world.

the lag of seasonal events is about four days for each 122 m elevation or 1° latitude
in the northern hemisphere. A number of workers have been so greatly impressed
by the apparent parallelism of temperature lapse rate at high altitude and latitude
that they have attempted to equate the general climatic conditions at high elevations
on mountains with those prevailing at high north latitudes and have often identified
the altitudinal biotic zonation on mountains with that at sea-level as one proceeds
from the equator to the north pole. While the mean atmospheric temperature
conditions may perhaps be related to the latitude-altitude law, the environment at
high altitudes on mountains is by no means identical or even comparable to that
of the subarctic or the arctic regions at sea-level (fig. 8). The conditions are also
fundamentally very different with regard to the mountains in the southern hemi-
sphere. Although the atmospheric temperature conditions on the mountains of the
southern hemisphere approach more or less those prevailing at high elevations of
equatorial mountains, the high altitude environment is otherwise not identical with
that of the Antarctic lowlands. The arctic and the antarctic cold environment is
conditioned not by the reduced atmospheric pressure of the high altitude as on
mountains, but entirely by the differences in the angle of insolation. The atmos-
pheric cold of the high latitudes is the result of fewer sunrays falling on unit area on
surface, but of the high altitude is the result of actually less air being warmed,
although there are more sunrays per unit area. Although the mean atmospheric
pressure is influenced by latitude to some extent, at higher latitudes the atmosphere
is certainly not as thin as on the mountains and the climatic conditions are, therefore,
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Fig. 8. The fundamental differences in the ecology of atmospheric cold at high
altitudes on mountains and near sea-level at high boreal latitudes and in the arctic
regions.

not ecologically comparable. The high altitude cold is conditioned by the same
factors and is also more related to the cold of the interplanetary space than to the
arctic cold. The intensity of insolation in the arctic is no more than that ordinarily
observed in a lowland open habitat, but at high altitudes it tends to become progres-
sively very intense. The subarctic and the arctic environments are fundamentally
that of a lowland open habitat, under a pressure of one atmosphere, but the high
altitude environment is an open habitat under a reduced atmosphere. Open habitats
of normally one atmosphere pressure and permanently thinner atmosphere are
evidently ecologically different in their properties, modifications and interrelations.
All earlier workers have apparently overlooked these fundamental differences
between the high altitude and the high boreal latitude environments.

b. Shade and Sun Temperatures

The difference between the mean atmospheric temperature in the shade and in the
direct sunshine in the high altitude environment is far more pronounced than in the
open habitat in lowland areas and this difference tends also to increase markedly
with the increase in altitude (fig. 9). As may be expected, this peculiarity is closely
correlated with the fact that insolation is far more intense and rapid than near sea-
level, owing to the thinner atmosphere at high elevations on mountains. For example,
at an elevation of about 3900 m on the southern slopes of the Northwest Himalaya,
with the atmospheric temperature reading 4° C in the shade, the thermometer
exposed to the direct sunrays registers 35° C. BABLER (74) observed that, with the
temperature of free air reading —2.5° C at 1 p.m. in the shade during August at an
elevation of 4560 m on the Swiss Alps, the atmospheric temperature in direct sun-
shine was 37° C. According to HANDSCHIN (471, 473), the difference between the
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Fig. 9. Insolation is more intense at higher elevations than near sea-level, so that the

difference between the mean atmospheric temperatures in the shade and in the sun

is great on mountains. On Mt. Kilimanjaro insolation is very intense, both due to

the vertical direction of the sunrays and to the high transparency of the air because
of the high altitude of the mountain.

mean atmospheric temperature in the shade and in the direct sunshine on the Swiss
Alps often amounts to 50° C. While, as explained above, the mean atmospheric
temperature in the shade falls with increase in elevation on mountains, the direct-sun
temperature tends to increase, slowly at first up to about 3500 m and rather more
rapidly as the elevation increases above 4200 m. On high mountains in the northern
hemisphere, the intensity of sunrays is specially greater during the winter months,
when the atmosphere is also thinner, than during the summer. At high altitudes on
mountains on the equator, the insolation is particularly intense, both due to the
vertical direction of the sunrays and to the thinner atmosphere. On Mt. Kiliman-
jaro, the mean sun temperature is, for example, 73° C at an elevation of 4327 m,
and 87.5° C at an elevation of 3663 m. The mean difference between the shade and
sun temperatures at an elevation of 4150 m on Mt. Kilimanjaro is 43.2° C. With the
thermometer reading 14° C in the shade, the sun temperature reads 87.5° C and
with the shade temperature 6° C, the sun temperature amounts to 73° C. It must,
therefore, be concluded that regardless of the low atmospheric temperatures,
objects exposed to the direct sunshine become warmed up far more rapidly at
higher elevations than within the forest and than in open habitats at sea-level. The
ecological significance of this fact is enormous in high altitude entomology.
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¢. Diurnal Variations of Atmosphetic Temperature

The amplitude of diurnal atmospheric temperature fluctuations tends to differ at
different elevations and on different mountains, depending largely on the latitude of
the mountains, its massiveness and on the continentality of the general climate of the
surrounding country. The diurnal fluctuations of atmospheric temperatures are
generally more pronounced on the equatorial and tropical mountains and to some
extent also on the mountains in the southern hemisphere than on the mountains of
the northern temperate latitudes. The amplitude of the night temperature minima is
significantly narrower than that of daytime atmospheric temperature maxima,
both on the Alps and on the Himalaya. On both these mountain systems, the
diurnal fluctuations of the atmospheric temperatures are more pronounced on the
south slopes than on the north.

The diurnal atmospheric temperature fluctuations are far more marked than the
seasonal fluctuations on the equatorial and other tropical mountains and on the
mountains of the south temperate and subantarctic regions (vide also chapters VIII
and XVI).

d. Annual Variations in Atmospheric Temperature

The difference between the mean atmospheric winter and summer temperatures
on the mountains in northern hemisphere is more pronounced than on equatorial,
tropical and south temperate mountains. On the Himalaya, at elevations of
3500-4500 m, the mean of the annual temperature fluctuations is about 16° C.
On the Alps the annual temperature amplitude is 15.6° C at an elevation of about
2000 m, 15° C at 2500 m, 14° C at 3000 m and 19.8° C at 3106 m. At an elevation
of about 3535 m on Colorado mountains, it amounts to 17.2° C. On the extreme
continental mountains like the Middle Asiatic Tien Shan Ranges, the difference
between the mean winter and summer atmospheric temperatures is very pronounced;
it averages, for example, to about 63° C at an elevation of 2780 m, 70.8° C at an
elevation of 3000 m and 61.5° C at 3600 m. On the other hand, the annual temper-
ature fluctuation does not exceed s - 6° C even at very high elevations, above
4000 m, on the equatorial, tropical and south temperate mountains.

e. Ecological Importance of Atmosphetic Cold at High Elevations

The pronounced atmospheric cold at high elevations on mountains must, in the
final analysis, be rated as perhaps the most important favourable environmental
factor for the high altitude insects (137, 138, 263, 267, 730, 986). As already indicated,
the low atmospheric temperatures tend to greatly counteract the injurious effects of
the high atmospheric aridity, retard the excessively rapid evaporation, favour the
precipitation of atmospheric moisture, lower the rate of oxygen consumption by
depressing the respiratory activity of the high altitude insects, restrict the flight of
insects, retard their growth and thus lead to diminution in the mean body size,
restrict the vegetative period and generally magnify the ecological importance of
microclimate. The reduction and atrophy of the wings of the high altitude insects
and the development of a heavy body pigmentation are also partly to be attributed
to this factor. It is also the atmospheric cold that enables the high altitude insects to
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tolerate and withstand effectively the severe desiccating effects of high atmospheric
aridity. The ecological significance of atmospheric cold at high elevations on moun-
tains is, therefore, fundamentally different from that observed in open habitats near
sea-level in the high north latitudes and in the subarctic and arctic regions. Wehave
thus the apparently paradoxical situation that while in the lowland open habitats
of the subarctic and arctic areas the insects exist inspite of the great atmospheric cold,
at high elevations on mountains they are able to exist only because of the atmospheric
cold. This is perhaps the strongest argument against the attempts at equating the
ecology of atmospheric cold at high altitudes on mountains with that in the arctic
regions (fig. 10).
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Fig. 10. The ecological importance of atmospheric cold for insect life at high
altitudes on mountains.

4. ATMOSPHERIC PRECIPITATION

In the high altitude environment on mountains, next perhaps only to atmospheric
cold, the most important ecological factor is atmospheric precipitation. Precipitation
depends, among other complex factors, on the atmospheric humidity. As already
indicated, the mean atmospheric relative humidity decreases and the mean evapo-
rating power on exposure rises with the increase in altitude. On some mountains,
however, thereis an increase in the relative humidity and the mean annual precipi-
tation as the altitude increases, up to a certain limit. The investigations of SCHUBERT
(936) have demonstrated differences in the rates of evaporation within the forest and
in the open habitat on high mountains. The atmospheric aridity at high elevations is
more pronounced on massive and continental mountains than on isolated mountains
or those situated near large seas. The north slopes of the mountains in the north tem-
perate regions of the world, especially in the case of the ranges with east-west trends,
are often more arid than the south slopes. At comparable elevations and latitudes,
the mountains in the northern hemisphere are more arid than those of the southern
hemisphere.

The pronounced high atmospheric aridity at high altitudes on mountains is
determined partly by the distance of the mountain from oceans. The absolute
humidity of the atmosphere and the total precipitation in any locality, in relation
to the mean elevation above sea-level, become greater or smaller, according as the
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general climate is more continental or oceanic. Gams (393) has attempted to measure
the oceanity or continentality of the Alps in terms of the ratio of total precipitation
in mm and the altitude in metres. He represents the total precipitation on the Swiss
Alps in a codrdinate system, with the elevation on the abscissa and the mean annual
precipitation on the ordinates. The degree of oceanity is expressed in terms of the
angle subtended by the curve on the X-axis and is obtained according to the formula
Mean annual precipitation in mm

tan £ W of oceanity = .He found that the ex-

Elevation in metres

. 0 mm
tremes for Switzerland are 18° tan ~ W = 33

at Grichen and 83° 55" tan £ W
1628 m

2—20%). As the continentality increases, so does the atmospheric aridity. Compared with
the Alps, the Northwest Himalaya, the Pamirs Region, the Tien Shan and other
Middle Asiatic high mountains are far more continental and are, therefore, pro-
nouncedly more arid at comparable elevations and aspect exposure. The close
correlation between atmospheric temperature and precipitation is emphasized in
evaluating the ecological effects at high altitudes by extending and applying Em-
BERGER'S and KOPPEN’S formulac. EMBERGER (318) expresses the ecological effects
of atmospheric temperature-precipitation by the formula

100, where P = the annual rainfall in mm, M = the mean

, (M +m.(M—m) )

atmospheric temperature in C of the warmest month of the year and m = the mean
temperature in C of the coldest month. kGpPEN expresses the relation differently by

the formula
Rig=R¢

I
1+ 1 (t+16) where R ¢ = the rainfall at 16° C, R¢ = the rain fall at
40

t° C. Ecologically, the atmospheric aridity is closely interlinked with the atmospheric
cold, high rate of evaporation, rapid insolation and radiation, high light intensity,
high wind velocities and other factors of the high altitude environment. The atmos-
pheric aridity determines also the limits of the snowline on mountains. By favouring
precipitation as snow, the atmospheric cold brings about an intensification of the
atmospheric aridity. Atmospheric aridity raises the snowline, atmospheric cold
retards evaporation, the rate of which is accelerated by the atmospheric aridity.
The atmospheric aridity at high altitudes is the result of both low water vapour
tension due to the less dense air and is also the result of atmospheric cold.

In a recent contribution, VACHON ef al.* have shown that pronounced habitat
aridity seems to be closely correlated with a high resistance among scorpions to the
action of gamma radiation under experimental conditions. The high atmospheric
aridity and the great intensity of radiation in the high altitude environment might
conceivably be similarly correlated with the high altitude insects, but we are at
present largely ignorant of the precise conditions in this connection.

* VACHON, M., P. NIAUSSAT, J. H. ERRSOLE & C. GRENOT, 1964. C.R. Acad. Sci. Paris, 259:
3389-3391 (Nov. 9, 1964).
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5. SNOW-COVER

Though considerable rain falls at moderate elevations on some of the equatorial
mountains, like the Ruwenzori Range, precipitation at high elevations on most
mountains is largely as snowfall. The principal factors governing snowfall are the
atmospheric cold, atmospheric humidity and the continentality of the mountains.
The mean annual snowfall increases with altitude above a certain limit, but again
begins to diminish at higher elevations, because of the increasing atmospheric aridity.
As we ascend above the snowline, we find the depth of the permanent snow tending
to increase. We do not know, however, at what altitude in any given region the
accumulation of snow becomes a minimum.

a. The Winter Snow

The bulk of the snow at high elevations falls during the winter, but snowfall is not
infrequent during the summer also on many mountains. On the equatorial moun-
tains of sufficient elevation, snowfall occurs perhaps every night. On high mountains
in the northern hemisphere the winter snowfall starts often as early as September
and may continue up to May of the next year. In contrast to the permanent snow,
the winter snow-cover is only seasonal and with the coming of summer in May-June,
the winter snow begins to melt. The mean thickness of the winter snow-cover at
any locality varies greatly from year to year, so that only after prolonged obser-
vations, extending over a number of years, it is possible to get the thickness of the
winter snow-cover of the locality. The depth and the duration of the snow-cover
are not wholly meteorological peculiarities, but depend on the altitude, aspect of
slope exposure, the mountain range, its trend-line direction, the exposure, gradient
of the slope and diverse other complex conditions. During the summer, part of the
winter snow melts and part of it also directly evaporates away. It is estimated, for
example, that about 82% of the winter snow on the Himalaya evaporates into the
atmosphere and only 18%, of it contributes to the melt-water. The rate of melting
of the winter snow-cover is usually indicated in terms of the altitudinal recession of
the snow-edge in a period of ten days. The mean rate of melting of the winter snow
on the Swiss Alps is about 100 metres in ten days (369). On the Northwest Himlaaya,
MANI (730) reported the rate to vary from 200 m to 240 m in ten days on the south
slope and the edge of the winter snow recedes to an elevation of about 5200 m by
about the third week of August, when the summer is also well advanced (Fig. 11).
The snow-cover persists longer on the northern slopes of the Alps and the Himalaya
than on the southern slopes. It is not only the amount of the snowfall, but also the
duration of the snow-cover that is ecologically very important at high altitudes on
mountains.

GAMS (396) and STEINHAUSER (1008) have prepared diagrams for the winter snow-
cover on the Alps. The recession and the advance of the winter snow-cover edge
with the advancing of summer at different altitudes in the East Alps during the year
1890 are summarized in table 2.

The recession of the edge of the winter snow on the south slope is earlier by about
20 days than on the north slope of the Alps. The difference between the recession
rates on the north and south slopes on the Northwest Himalaya lies between five
to ten days. The rate of recession of the winter snow is influenced by a number



26 M. S. Mani—High Altitude Insects

5000~

»
wn
o
(]
!
|

4000 -

ALTITUDE IN METRES
w
*3
o
(¢}
1
1

3000} -

MAY JUNE JUuLy AU GUST

Fig. 11. The progress of the melting of the winter snow, with the advance of summer,
on the Northwest Himalaya.

TABLE 2

Recession and advance of the
winter snow on the East Alps

Month Altitude of the
snow-edge in m

March 1200
May 1800
July 2450

September 2300
October 1930
November 1250

of complex factors, especially the altitude, the aspect, the depth of the winter
snow-cover, the mean atmospheric temperature during the summer, the duration of
summer, exposure to the sun, the latitude of the mountain, frequency of avalanches
and snow storms during the summer, etc.

b. Snowline

It must be evident from the foregoing pages that above the altitude of zero
degree isotherm, the snow-cover is permanent. While the upper layers of snow
remain practically unchanged, the lower layers are compressed, by pressure of the
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snow above, into a granular mass known as firn or neve. Neve is intermediate in
character between the soft snow and the hard ice. Partly under pressure of the
layers above and partly also due to the percolation of the melt-water during the
summer insolation, the air in between the granules of neve is squeezed out and the
lower layer thus becomes compacted into hard ice. This consolidation into neve
and ice occurs more frequently with increasing altitude, particularly on mountains
in the north temperate latitudes. As fresh snow continues to accumulate above
the permanent snowline, enormous masses of snow and ice come down in great
avalanches and thus often contribute to the store of melting winter snow during the
summer. The glacier ice moves slowly down the valley until the glacier snout
reaches sufficiently low to melt. The more or less wide transitional zone, above
which the snow resists the heat of the summer so that the snow-cover is perpetual
and below which the snow melts for a short period during the summer each year,
is the socalled snowline. It represents the mean altitude above which the snow-cover
is, therefore, permanent. It must be emphasized here that the snow often remains
unmelted in sheltered patches in ravines even well below the permanent snowline,
long after it has disapperead from the ridges and lower summits. There are likewise
more or less extensive patches of snow-free areas of barren rock and permanently
frozen soil above the permanent snowline. Even above the permanent snowline,
snow and ice do not cover every summit, ridge or rock mass; the presence or
absence of snow under these conditions depend on the peculiarities of steepness and
prevalent local winds.

The snow-cover is permanent even at the sea-level in the high north and south
latitudes. The relation between snowline altitude and the latitude in the northern
hemisphere is summarized in fig. 12.
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Fig. 12. The mean snowline at different latitudes in the northern hemisphere.
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As may be expected, the snowline is influenced by the mean atmospheric temper-
ature during the summer, the snowfall and to some extent by the prevailing wind.
Scanty snowfall raises the snowline, which is usually somewhat higher on the
southern slopes than on the northern slopes of the Alps and the Himalaya. The
continentality of the mountain has also a profound influence on the snowline. The
problem of the snowline is complicated by considerations other than exclusively
meteorological ones. Snow accumulates on a flat-topped summit far more than on a
precipitous and pointed peak. Mountain peaks like K, (Mt. Godwin Austen), Nanga
Parbat, Rakaposhi, etc. on the Himalaya are, for example, too sharp to allow the
snow to lie in any considerable quantity. As soon as the snow falls on these summits,
it descends in the form of great avalanches and hardens to glacier ice at lower
elevations.

The snowline differs within very wide limits on different mountains. On the south
slope of the Himalaya, the snowline is about 900 m lower than on the north slope, the
difference being mainly due to the fact that the moisture-laden winds from the
Indian Ocean in the south shed their moisture on the south slope before crossing
these mountains. Tibet and the Tien Shan Mountains are, therefore, extremely arid
and the snowline on these mountains is therefore much higher than on the Himalaya
or any other mountain at the same latitude in the northern hemisphere. The snowline
altitudes on the Himalaya and on the Middle Asiatic mountains are summarized
in table 3.

TABLE 3
Snowline on the Pamir-Himalayan Region

Mountain Latitude Slope  Snowline
Nepal Himalaya 28N south 4480
Southeast Tibet 29N 3960
Kumaon Himalaya 30° 30'N south 4720
Kumaon Himalaya 30° 30'N north 5650
Punjab Himalaya 34N south 5180
Punjab Himalaya 34N north 5790
Zaskar Range 34N south 6090
Zaskar Range 34N north 5940
Ladak Range 34N south 5790
Ladak Range 34N north 5650
Kailas Range 31N south 5940
‘Western Tibet 34N 6090
Karakoram 36N south 5650
Karakoram 36N north 5500
Tien Shan 42N north 3350
Alai 40N 4260

The snowline on the northern Chilean Andes is 6090 m and in Patagoniais 760 m.
The highest snowline is perhaps not over 6100 m on the earth at present.
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¢. Ecological Importance of Snow-cover

The snow-cover, particularly the winter snow-cover, is of great ecological
importance for the high altitude insects; it must indeed be rated as perhaps the most
favourable environmental condition that makes insect life possible on the arid
elevated regions, baked mercilessly by the unfiltered sunrays. As early as 1800
WOEIKOFF (1120) recognized the great ecological importance of winter snow-cover
for organisms and since then its general ecological importance has been increasingly
appreciated (356, 357, 730, 932, 1003, 1006, 1052). While the winter snow-cover
near sea-level, especially in the high north latitudes, is important for the life of
insects and other poikilotherm organisms, its ecological importance increases very
greatly under the conditions of thinner atmosphere at high altitudes on mountains.
Snow-cover is important for insects at high latitudes and absolutely indispenable for
the high altitude insects (fig. 13). It is snow-cover that assures optimal conditions
for nearly all the high altitude insects on mountains and the life of every species and
individual is inexorably bound up with it. Though the snow-cover is influenced by
the atmospheric temperature, the latter is also influenced in its turn by the snow-
cover. With the coming of summer, the mean atmospheric temperature does not,
for example, rise as rapidly as one would expect, because enormous quantities
of the sun’s heat are absorbed as latent heat by the melting snow. The snow-cover
exerts a most remarkable ameliorating influence on the extremes of atmospheric
temperature fluctuations. The mean atmospheric temperature on snow-fields and
on glaciers does not exhibit such pronounced secular or diurnal variations as in
snow-free areas. On and in the immediate vicinity of snow and ice, the temperature
fluctuations are relatively small. At an elevation of 4500 m on the south slope of the
Great Himalaya, the temperature of the air in the shade during late June registers a
maximum of —2° C and a minimum of about —10° C. During the winter the mean
air temperature on snow-fields is as low as —17° C at the same elevation. The mean
atmospheric temperatures reveal an interesting gradient from the snow-edge
(Table 4).

TABLE 4

Gradient of mean atmospheric temperature
from the snow-edge on the south slope of the
Himalaya

Distance from the Max. temp. Min. temp.
snow-edge in m

10 5.0 —10.0
100 7.0 — 1.0
200 12.0 + 7.5

The snow-cover is also one of the important contributory factors for the great
atmospheric aridity during the winter. In addition to contributing to the soil mois-
ture and melt-water for the mountain lakes and streams, the snow-cover serves as
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an effective protective blanket for the high altitude insects during their hibernation
and also prevents the freezing of the ground during the winter. The densest con-
centrations of high altitude insects are, therefore, always found in the immediate
neighbourhood of the snow-ficlds on mountains (vide also Chapter IIT). As the
intense insolation removes the soil moisture very rapidly at high elevations, if the
melting of the snow does not replace the moisture thus lost, the growth of the high
altitude vegetation and the breeding of the high altitude insects would both be
impossible. It would be utterly meaningless to speak of high altitude insect life in
total absence of snow-cover. The more important ecological relations of snow-cover
for the high altitude insect life are shown diagrammatically in fig. 13.

FORAGING GROUND INSOLATION WITHOUT DESICCATION
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SOIL TEMPERATURE SOIL_MOISTURE
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LATITUDE ALTITUDE
Fig. 13. The ecological importance of the winter snow-cover for high altitude insect
life.
6. WIND

As is well known, wind velocity increases with altitude on most mountains and it
would appear that the upper layers of the atmosphere, at elevations above 5000 m,
are generally regions of strong winds. Strong and almost constant winds that often
attain the force of storms are characteristic of the high elevations on the Himalaya,
the Pamirs, Alps, Kilimanjaro, Tien Shan, Andes and other mountains. Even on the
lesser mountains like the White Mountains of North America, wind is the most
striking atmospheric feature. On the Pamirs Region violent winds spring up between
2 and 3 p.m. daily and become storms at 5-6 p.m. The wind velocities attain an in~
tensity of s4-58 km/hr (vide Chapter X). The highest summit on Mt. Kilimanjaro is
subject to a complex system of strong winds (vide Chapter VII). While the winds near
sca-level are largely seasonal, the fierce winds at high altitudes on mountains are far
more constant and appear to be part of the general turbulance of the upper atmos-
phere. The general ecological effects of wind are contrary to those of insolation and
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the net result is a considerable lowering of the mean atmospheric temperature. The
temperature of all bodies exposed to strong winds at high altitudes is also considerably
lowered. High wind velocities also accelerate the rate of evaporation from exposed
surfaces and thus favour rapid desiccation of bodies under insolation. The high
wind velocity should be considered as one of the major contributory factors ac-
centuating the severe effects of atmospheric aridity at high altitudes. In addition to
the various physical and mechanical effects of strong winds on other environmental
factors at high altitudes, we also must not overlook the direct effects of constant and
strong winds on the high altitude insects. Strong winds restrict or even totally elimi~
nate the flight of insects, by compelling them to remain close to the ground. They
also tend to bring down the body temperature of the high altitude insects and
subject them to a rapid desiccating action. The ecological importance of wind at
high altitudes on the Alps and other high mountains is discussed by a number of
workers like KRUGER (657), FRANZ (365), KRUGER & DUSPIVA (658) and others.

7. LIGHT

As pointed out earlier in this chapter, the denser and moisture-laden layers of the
atmosphere near the sea-level serve effectively to filter off a great part of the sunrays
and thus act as a powerful protective blanket against the injurious parts of the sun’s
radiation. The relatively thin and dry air at high elevations on mountains offer,
however, no such protection and therefore the intensity of the solar radiation
increases appreciably with increase in altitude. The intensity of the direct sunlight
in the high altitude biome above the forest-line on mountains is significantly
greater than within the forest zone on the mountain or in any lowland open habitat.
According to the estimates of ADAMS ef al. (6), for example, it is known that, taking
the mean total solar radiation received above the forest-line on Mt. Marcy as 100,
the amount falling on the top of the fir-forest zone is 51, but only 4 within the fir-
forest. Not only the direct sunrays are much more intense at high elevations than
in lowland areas, but also the total light, including also the diffuse daylight and the
light reflected from the surface of snow and ice, is very strong. There is also a
conspicuously higher proportion of the shorter waves of sunlight, not only in the
direct sunrays, but also in the reflected light. The general condition is that there is
considerably more blue in the high altitude biome than in the lowland. The ecological
importance of high intensity of light, especially the blue and the ultra-violet parts
of the spectrum, is unquestionably great at high altitudes on mountains, but is at
present largely obscure (286, 407, 516). It is known, however, that a high pro-
portion of ultra-violet rays tends to strongly diminish the rate of oxygen con-
sumption in aquatic organisms. Under the action of the ultra-violet rays, the pro-
portion of oxygen dissolved in the water is lowered, but at the same time, the
respiratory activity of the aquatic animals also seems to be greatly influenced by
exposure to the action of ultra-violet radiation. The presence of a heavy body
pigmentation in the high altitude insects is evidently closely correlated with the
high intensity of light, especially the ultra-violet, against which the body pigmen-
tation serves as a protective mechanism (730,733).
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8. MICROCLIMATE

The difference between the general atmospheric condition, as indicated by ordi-
nary meteorological observations, and the environmental conditions in the immediate
surroundings of insects in their niches, of considerable ecological importance even
in lowlands, tends to be very much more pronounced at high altitudes on moun-
tains. Mainly owing to their size, characteristic properties of their bodywall and
other peculiarities of their body organization, insects are exposed to conditions often
wholly different from those which influence human beings and the larger animals
(730, 988). The climate of the immediate surroundings of insects inside their special
niches is in reality micro-microclimate or the climate of square and cubic centi-
metres and millimetres on or in the soil, under stones, on rock surfaces, inside rock
crevices, in underground cavities, under snow, in ice crevasses, under vegetation
mats and cushions of low-matted plants and in other similar situations. This greatly
exaggerated importance of the microclimate is a direct consequence of the atmos-
pheric cold and aridity at high altitudes on mountains. Other factors that underline
this importance of microclimate include the ruggedness and irregularities of ground
on the mountains, the more or less extensive alpine sculpturing of the mountains
by glacier action, the presence of rock, snow and soil, the peculiarities of the trend-
lines of the valleys and ridges, the crestlines, ridges, spurs, the alignment of the valleys
and gorges, the location of high peaks, the disposition of large gerolls, boulders,
erratics, perched boulders, avalanche debris, etc. The distance from the snow-edge,
the altitude of the snowline, the amount and duration of the winter snowfall, high
wind velocities, etc. also profoundly influence the microclimate in the high altitude
environment. The effects of air viscosity, deep and shallow air currents depend
largely on the peculiarities of the ground and largely modify the microclimatic
conditions. The layer of air immediately above and in close contact with a rather
rugged mountain ground is influenced much more by the ground irregularity than
in the case of the air layer at higher levels above the ground. This layer of air does
not also move as fast as the air at standard meteorological height above ground.
Such slow-moving air does not, therefore, follow the general trend of the wind
characteristic of the region, but often leaves behind pockets with wholly different
climatic conditions. Wind shields near large stones and boulders, inside rock crevices,
in spaces under large boulders, in ice crevasses, etc. have exposures to the local wind
entirely different from the general average for the locality. Irregular islands of
practically windless calms often thus exist in a vast wind-swept desert. As the in-
crease in wind velocity is normally maximum on bare and exposed ground, vege-
tation cover of any kind, including even the low-matted dwarf plants or also the
incrustation of lichen and cushions of moss, retards the extreme effects of strong
winds and reduces the rate of evaporation. The difference between the macro-
climate and the microclimate at high altitudes on mountains is principally the result
of rapid and strong insolation and radiation and the thinner air, in complex inter-
action with diverse local conditions. The ecological importance of microclimatic
conditions at high altitudes thus differs essentially from those prevailing near sea-
level at higher latitudes in the north. Though the mean atmospheric temperatures
are low even in summer at high altitudes on most mountains, rapid and strong
insolation accounts for the relatively high temperatures in most microclimatic
niches of the high altitude insects. Insolation becomes stronger and more rapid as
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the elevation increases, so that even above the permanent snowline relatively warm
niches, suitable for insect life, are met with. Irrespective of the mean atmospheric
conditions, the microclimatic conditions thus make possible niches of a wide variety
of optimal conditions for a great many different types of insects, from the forest-
Jine to elevations far above the permanent snowline.

a. Microclimatic Conditions on Rock

The effects of intense insolation and the rather wide range of microclimatic con-
ditions may perhaps be most readily observed on barren rock even at elevations
of 4000 m on most mountains. During the hours of bright sunshine and in the
absence of clouds and strong winds, the surface of the exposed barren rock on the
south slope of the Himalaya becomes warmed up rapidly on exposure to the
sunrays, until the temperature of the rock surface rises to 30 - 35° C. At the same
time, the atmospheric temperature in the shade may range from only 2°C to 7°C.
On the shady side of the same boulder, perhaps only a few centimetres away,
the temperature of the rock surface is no higher than that of the atmosphere. The
temperature of the layer of air, about 5 cm above the warm rock surface, may
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Fig. 14. The temperature gradient of the air above the rock surface, exposed to the
action of insolation by direct sunrays, at an elevation of 3200 m, on the south slope
of the Northwest Himalaya.

often be between 16°C and 25°C and at a height of about 10 cm between 8°C
and 18°C (fig. 14). At greater heights above the warm rock surface, the ordinary
atmospheric sun temperatures prevail. Nocturnal radiation from the rock surface
is also extremely rapid, so that the temperature falls as low as the atmospheric
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minimum. The difference between the atmospheric and the rock ‘surface tempera-
tures is thus chiefly in the daily maxima and that also in direct sunshine only.
The difference may amount to 10-30°C. SHREVE (966) reports this difference to
be 31°C on the foothills of Mt. Catalina during August, when the atmospheric
temperature maximum is 13°C. The rock surface is, therefore, characterized by
rapid and great fluctuations of temperature, often as much as 37°C within the course
of a few hours.

Consequent on the rapid warming, the humidity conditions of the layer of air,
within about § cm above the rock surface, undergo rapid changes and the rate of
evaporation becomes greatly accelerated. The saturation deficiency of the layer of
air 5§ cm above the warm rock surface (at a temperature of 29° C)is Tomm at a
temperature of 22° C at an elevation of 3200 m on the south slope of the Pir Panjal
Range in the Northwest Himalaya. The saturation deficiency of the air at a height
of 150 cm above the same rock surface amounted to 8.5 mm at'a temperature of
14° C (the atmospheric temperature at standard meteorological height above ground
at the time of the observation was 12° C). There is thus a sharp gradient of temper-
ature-humidity conditions in the air in immediate contact with a rock surface
exposed to the direct sunshine. The desiccating action of insolation and wind is thus
significantly high on the rock surface.

While the conditions are so highly variable on barren rock surface, even a cover
of lichen or moss tends to narrow down the range of these fluctuations. Inside the
rock crevices and in the spaces in between sheltered rocks, the microclimatic con-
ditions are, however, far more uniform.

b. Microclimatic Conditions under Stones

In sharp contrast to the rock surface, the temperature-humidity conditions of the
air in spaces under boulders and large stones partly buried in the ground are more
constant and optimal to a much larger number of species. For example, at an eleva-
tion of 4000 m on the south slope of the Northwest Himalaya, while the rock
surface becomes warmed up to 35° C during the daytime insolation or also cooled
to nearly —10° C during the nocturnal radiation, the temperature of the air in the
hypolithic space fluctuates only between 5° and 7° C in the course of twenty-four
hours during summer (early July) (fig. 15). At the same time the diurnal fluctuation
of the atmospheric shade temperature near the stone may amount to 10-14° C.
Sheltered from wind and from the intensive insolation, the rate of evaporation is
also naturally low in the hypolithic space, so that the humidity conditions also
remain fairly uniform and relatively high throughout. The relative humidity of the
hypolithic air is often as high as near saturation and does not usually fall below
80-95% at the temperatures ranging from 18° C to 22° C. The average microclimatic
conditions approximate to those prevailing in underground spaces and in the deep
soil. In case of niches under stones still covered by the winter snow, the micro-
climatic conditions typical of winter at the elevation continue to prevail, even though
summer conditions obtain in the open above, as long as the winter snow remains
unmelted. The ecological importance of such hypolithic niches, in which the extreme
atmospheric conditions are more or less greatly ameliorated and which provide
refugial optima from the inhospitable conditions prevailing outside, increase as
great elevations.
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Fig. 15. The microclimatic conditions on rock and in the hypolithic spaces at high

altitudes on the Northwest Himalaya. Diagrammatic representation of the ecological

stratification of the hypolithic communities: the bottom. surface of the rock, the soil
surface in the hypolithic space and the soil under the stone.

c. Soil Temperature

The temperature conditions of the soil are of considerable ecological importance
even for the lowland insects. Altitude enhances this ecological importance very
greatly (596, 752). With the melting of the winter snow during summer, insolation
results in the gradual warming up of the soil freshly exposed from the protective
snow cover. The surface layers of the soil are more readily warmed by insolation
and also radiate away the heat during the night more quickly than the deeper layers.
The surface soil thus exhibits greater diurnal temperature fluctuations than the
deeper layers. The diurnal temperature variations of the top soil are also greater
than those of the atmosphere. It is also the top soil temperature maxima which have
greater diurnal variations than the minima. The surface soil temperature maxima
fluctuate more than the minima at high altitude on the Alps. BABLER (74) found, for
example, that the top soil temperature reads 37° C at an elevation of 3647 m on the
south slope of the Monte Rosa during August, when at the same time the atmos-~
pheric temperature was only —2° C. The difference between the atmospheric and
soil temperatures at elevations of 1000, 1600 and 2200 m were 1.5° C, 2.4° C and
3.6° C respectively. The diurnal temperature fluctuations of the atmosphere and
soil on some places of the Alps are summarized in table s.

On the Himalaya, at elevations between 3500 and 4000 m on the south slope, the
difference between the top soil maxima and the mean atmospherictemperature
during the month of June is 13.5° C, but only 5.0°C in the case of the minima
(730). The diurnal range of atmospheric temperatures at an elevation of about 3500 m
on the south slope of the Himalaya is about 16.8° C, but at the same time the temper-
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TABLE §
Mean diurnal fluctuations of ground and atmospheric temperatures at different altitudes
on the Alps
Altitude Exposure Gradient Ground temperature Atmospheric
in m Min. Max. Diff.  temperature
2692 w 20 —1.0 24.0 25.0 5.0
2730 N 6 1.§ 14.0 15.5 2.0
2743 S 38 0.0 5.0 5.0 —2.0
2743 S 38 —0.§ 4.5 5.0 1.0
2750 SW 2 14.0 15.5 1.0 12.0
2790 SSW 26 — 22.0 — 13.0
2800 SE 28 —1.0 7.0 8.0 4.5
2840 ESE 32 1.0 27.5 26.5 4.5
2847 w 4 —3.0 22.0 25.0 7.0
2893 peak — 2.5 9.0 7.5 8.0
3000 NE 20 —1.0 24.0 25.0 4.5
3000 ENE 22 3.0 27.0 24.0 —
3000 S 24 1.0 33.0 32.0 9.0
3058 NE 44 —3.0 4.0 7.0 —1I1.0
3100 SE 42 —2.5 18.0 20.5 5.0
3190 SSW 48 —4.5 7.0 11.§ —2.0
3200 ridge — —2.0 37.0 39.0 —2.0
3237 SE 22 —3.5 22.0 25.5 1.0
3305 S 40 —4.5 15.5 20.0 3.0
3570 SSE 42 —4.5 16.0 20.5 —1.0
3647 S 46 —2.0 37.0 39.0 —2.0

ature of the top soil shows a diurnal range of 30° C. The mean atmospheric temper-
ature and the mean maxima and minima of the top soil temperatures, at elevations
between 3000 and $200 m on the Himalaya are summarized in table 6.

On the Pamirs Region, with the atmospheric temperature in the shade read-
ing 14-15°C, the ground temperatures average often 28°C. RemNIG (878) has
summarized (from OLUFSEN’s records) the hourly temperatures of the atmosphere
and soil and the intensity of insolation during July in the Alai Valley and in Jashil-kul.
It is interesting to note that in correlation with the ecological peculiarities of the
Pamirs Region, the surface soil temperature fluctuations during the day amount to
about 35° C, while the atmospheric temperature fluctuation amounts only to 12° C.
In the Jashil-kul and Alai areas, the fluctuations of atmospheric and surface soil
temperatures during the day reveal more or less similar peculiarities (Table 7).

SCHRODER’s- observations (934) on the differences between the atmospheric and
ground temperatures due to insolation on a bright sunny day, at about 2 p.m. during
February 1912, at an elevation of about 4690 m on Mt. Kilimanjaro are extremely
interesting. Insolation on sandy ground showed a maximum temperature of 39.6° C,
but a moving thermometer at the same time registered only 7.2° C. The solar
thermometer showed as much as 84.5° C. The atmospheric temperature at 7 p.m.
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TABLE 6

Atmospheric and soil temperatures at elevations between 3000 and 5200 m on the
south slope of the Himalaya during June 1954-1956

Altitude Mean air  Ground Surface temp. Soil temp. at
inm temp. mean Max.  Min. Range depths between
15 and 20 cm

3000 9.5 30.0 33.0 1.0 34.0 19.0
3100 9.5 28.0 32.5 —2.0 34.5 17.2
3200 7.0 26.0 28.0 —2.0 30.0 15.5
3300 4.5 20.0 32.5 —4.0 36.5 13.0
3500 6.6 17.0 32.5 2.5 35.0 12.0
3600 3.0 10.4 22.2 —1.5 23.7 I1.2
3700 3.2 9.5 22.0 —2.5 24.5 10.4
3800 3.0 8.2 21.0 —4.0 25.0 8.5
4000 1.5 4.5 14.0 —4.5 18.5 8.0
5200 —4.5 2.5 11.0 —5.6 14.6 6.5

sank to —3.4°C. The soil temperature maximum was 18.8° C and the minimum
during a clear night —8.6° C. The magnitude of insolation differs within wide
limits, depending upon the latitude, altitude, distribution of land and water, topo-
graphical peculiarities, etc. In the north temperate regions during the summer
months, insolation results usually in plus-summation of the soil temperature, so that
the mean soil temperature gradually rises as the summer advances. SHREVE (966),
who studied the soil temperatures at elevations of 184 m, 1219 m, 1524 m, 1820 m
and 2436 m on the foothills of Santa Catalina near Tucson, Arizona, reports a fall
of the soil temperature with the increase in altitude. He also found that the rate of
rise from the minimum to the maximum is more rapid than the corresponding fall
from the maximum to the minimum.

The fluctuations of the surface soil temperatures at high altitudes are paralleled by
those on the surface of a planet like Mars with a thinner atmosphere than the Earth.
Fig. 16 shows, for example, the temperature conditions observed on the Himalaya
and those on Mars observed during 1926-1943 in the Lowell Observatory. The
similarity of the temperature fluctuations of the ground at high altitudes on the
Himalaya and on Mars is extremely striking. The high intensity of insolation due to
the thin atmosphere is the underlying factor both on the Himalaya and on Mars.

As may be expected, the temperature of the soil tends to be more uniform as the
depth increases, so that extreme temperature fluctuations are restricted only to the
surface. The temperatures at different depths of the soil, at different elevations on the
south slope of the Himalaya, show, for example, that below a mean depth of
about 15 cm, the soil temperatures are relatively uniform during the course of the
day (Table 8).
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TABLE 8

Soil temperatures in summer at different depths on the south slope of the Himalaya

Elevation Mean atmosph. Top soil Deep soil temperature
inm temperature temperature  § cm depth 15 cm 20 cm
Max. Min. Max. Min.

3200-3500 6.6 32.5 2.5 22.3 3.6 15 15
$000-5200 1.5 11.0 —5.6 11.0 2.5 17.2-3.0 6.5-2
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Fig. 16. Diurnal fluctuations of the mean atmospheric and surface soil temperatures
at high elevations on the Himalaya and the atmospheric temperatures on the surface
of the planet Mars. The marked similarity of the ground temperatures at high
elevations on the Himalaya and the air temperatures on Mars is the result of the
semi-rarefied atmosphere and intensity of insolation in direct sunshine.

Below a depth of about 15 cm there is, therefore, practically very little or no
diurnal fluctuation in the soil temperature. The temperature of the deep soil thus
tends to remain constant, irrespective of the fluctuations of the top soil temperature
and of the atmospheric temperature. On the Swiss Alps also, the soil temperature at a
depth of 10 cm was found by BABLER (74) to be 19° C at an elevation of 2790 m,
while the atmospheric temperature was 13° C. The soil temperature fluctuations at
different depths on the alpine meadow on the Central Tien Shan at an elevation of
about 3000 m during August are summarized in table 9.

It is interesting to observe here also that as the depth of the soil increases, the
diurnal fluctuations of the temperature become progressively smaller, approaching
more uniform conditions.
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TABLE 9

Soil temperature fluctuations during the day on an alpine meadow
at an elevations of 3000 m on the Central Tien Shan during August

Depth Hours of the day
of soil Min. temp. Range
in cm 14 16 18 20 22

Surface 43.0 36.4 242 3.2 2.0 —2.5 45.5
25 20.7 21.5 187 7.6 4.6 1.5 20.0
50 19.3 19.8 17.4 89 6.9 4.6 15.2

100 18.4 18.8 16.4 9.2 8.3 5.8 13.0
150 170 150 159 9.2 8.5 6.4 10.6

These remarks hold good only in the case of soil protected by snow-cover during
the winter and also after the winter snow has started melting in the summer. With
the increasing distance from the edge of the melting snow, there is usually a pro-
nounced rise in the mean values of soil temperature maxima and minima. The mean
soil temperature at a depth of § cm from the surface on the Himalaya increases more
rapidly than at a depth of 20 cm. At a distance of about 10 m from the edge of the
receding snow, the top soil temperature fluctuation amounts to nearly 16° C, but
below a depth of 20 cm it amounts to only 1° C. At a distance of about 200 m from
the snow-edge the diurnal temperature fluctuation in the top soil is 11° C, but only
2° C at depths below 20 cm. Soil temperatures at different depths and at different
distances from the edge of the receding winter snow at an elevation of about 5000 m
on the south slope of the Himalaya during the summer are summarized in table 10.

TABLE 10

Soil temperature gradient with increasing distance
from the snow-edge on the Himalaya

Distance from Soil Temperature
snow-edge depth Max. Min. Range
in m cm

10 5 8.0 —8.0 16
100 s 11.0 4.0 I$
200 5 16.0 5.0 1I

10 20 3.0 2.0 I
100 20 7.0 6.0 2
200 20 10.0 8.0 2

We may summarize some of the observations on soil temperatures at high alti-
tudes on mountains as follows: The mean soil temperatures tend to decrease with
increase in altitude, but much more gradually than the atmospheric temperatures.
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The soil temperature maxima show wider differences with differences in altitude
than the minima. On mountains in the northern hemisphere, the southern slopes
exhibit somewhat higher soil temperatures than the north slopes at corresponding
elevations. The ecological importance of soil temperatures at high altitudes on
mountains includes the influence on germination of seeds, growth of roots, depth of
penetration of melt-water, the rate of evaporation or transpiration of the soil
moisture, the optimal conditions for hibernation of the high altitude insects, etc.
The soil temperature influences also the temperature of the layer of air immediately
above the ground and in contact with it. The ecological importance of soil temper-
atures increases with the increase of altitude; its importance at very high altitudes is
far greater than within the forest zone on mountains.

d. Soil Moisture

Next only to the soil temperature is the ecological importance of soil moisture
at high altitudes. The soil moisture is great at the edge of the receding winter snow,
near melt-water torrents, glacial lakes and ponds. The deep soil has also a higher
moisture content than the surface soil. The soil at high altitudes, not covered by the
winter snow or also only covered by scanty snow during the winter, is permanently
frozen on some mountains. Permafrost has, for example, been described at high
altitudes on Mt. Kilimanjaro and even on Mt. Washington. With the atmospheric
temperature during the winter reaching to —13.7° C and the snow-cover not ex-
ceeding 27 cm, there is ground frost to nearly 0.75-1.3 m or even 2 m depth on
Mt. Washington. Ground frost has also been reported in the black soil at an elevation
of 1470 m (Madison Springs) during July, to a depth of 0.61 m and often extending
down to 1.2 m depth. During August the ground frost was recorded at 0.9 m down
to 1.8 m at an elevation of 1525 m. Permafrost depends on atmospheric temperature
and snow-cover—low atmospheric temperatures and scanty snow of short duration
favour permafrost at high altitudes. The ratio of the winter temperature in °C at
high altitudes on mountains in the northern hemisphere to the mean thickness of the
winter snow-cover measured in centimetres during January must be below o.5 for
permafrost to occur (933).

Q. SLOPE ASPECT AND MASSIVENESS OF THE MOUNTAINS

On the mountain ranges like the Himalaya, the Caucasus, the Alps or the Pyre-
nees, which stretch nearly east-west in the northern hemisphere, especially north of
the Tropic of Cancer, the environmental conditions and the biota at high altitudes
are usually markedly different on the northern and southern slopes. The influence of
altitude on the mean environmental conditions is profoundly modified by the
differences of the north-south slope exposure. These differences are ultimately to be
traced to the differences in the angle of incidence of the sunrays and therefore to the
degree of insolation and often also to the differences in the gradient of the opposed
slopes of the mountain range.

The differences of the mean atmospheric temperatures on the opposed slopes
immediately above the trecline on a mountain may often amount to 10-15° C. There
is, for example, on the Himalaya a mean altitudinal tilt of about 500-600 m from the
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south to the north in the isotherm of the mean atmospheric temperature during
summer. The south-north tilting of the isotherm of the mean atmospheric tempera-
ture is subject to considerable variation on different mountains and even on the same
mountain range. The differences generally tend to diminish appreciably and mayeven
become obscured at very high elevation, especially above the permanent snowline. As
already indicated, even the snowline differs on the north and south slopes of the same
mountain range. The influence of the north-south aspect is perhaps more pronounced
in the case of the soil temperatures than even of the atmospheric temperatures. The
soil temperatures are, for instance, higher on the south slope than on the north slope
at the same altitude on a mountain. The soil temperature maxima show, as a rule,
greater differences than the minima on the opposed slopes. Above an elevation of
about 4500 m on the Northwest Himalaya, for example, there is, however, very
little difference in the soil temperature maxima of the north and south slopes. The
soil temperature maxima of the north and south slopes at these elevations are nearly
the same in most cases. The difference between the atmospheric temperature and the
soil temperature tends to increase with altitude on the south slope of the Himalaya
far more rapidly than on the north slope. The soil temperature maxima are usually
reached before 13 hours during the summer on the north slope, but only sometimes
later on the south slope of the Northwest Himalaya. The differences in the surface
soil temperatures on the north and south slopes of the Northwest Himalaya are
summarized in table 11.

SHREVE (966) studied the influence of north-south exposures on the soil temperature
at different altitudes on mountains. He found that the difference between the soil
temperature on the north and south slopes is very great at higher latitudes. The
north-south slope differences in the soil temperatures studied by SHREVE at an
elevation of 2745 m on the Santa Catalina Mountains are shown in fig. 17. The
north-south slope differences are not, however, very pronounced under arid con-
ditions and are also often more or less obscured under extreme moist conditions of the
soil, but are most marked under intermediate moisture conditions. The life zones on
mountains also exhibit the characteristic north-south tilt, corresponding to that of  the
isotherm of the altitude of mean atmospheric temperatures. The vegetational
character and the insect life of the north and south slopes are often fundamentally
different, particularly to be observed in the case of the Himalaya.

TABLE II

Differences of the surface soil temperatures on the north and
south slopes of the Pir Panjal Range of the Northwest Himalaya
during May-June

Altitude Max. temp. Min. temp. Mean temp.
inm North South North South North South

3000 12.0 20.0 8.0 15.0 10.0 16.4
4200 10.0 15.0 1.5 2.5 6.2 8.2
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The atmospheric and to some extent even the ground temperatures are known to
be appreciably higher at corresponding elevations and latitudes on massive mountains
than on the lesser and isolated mountains that, like the Mt. Marcy or Mt. Kiliman-
jaro, rise abruptly from a peneplain. This difference is to be traced primarily to the
effect of the ground temperature on the layer of air which is in immediate contact
above. The temperature lapse rate with the increase of elevation is also generally
smaller on massive mountains than on isolated ones. The diurnal variations of both
the atmospheric and the ground temperatures are also conspicuously great on the
massive mountain ranges.

35§

w
¢}
l

TEMPERATURE °C
N
wn
1

20

J

M J

Fig. 17. Differences in the soil temperatures at an elevation of about 2745 m on the
north and south slopes on the Santa Catalina Mountains, from May to September.

I0. GRAVITY

As already indicated at the beginning of this chapter, all the complex environ-
mental peculiarities of high altitudes on mountains are essentially part of the eco-
logical importance of gravity, resulting from the stratification of the atmosphere
under the action of gravity. The altitudinal zonation of life on mountains, the
progressive impoverishment of species with the increase in altitude and all the other
peculiarities associated with high mountain biota are results of the action of gravity
on the atmosphere. Attention is being increasingly directed in recent years to the
effects of abrupt changes of gravity on organisms, but the biological effects of con-
stant gravity of different intensities have largely been neglected. High mountain
habitats provide numerous opportunities for observations on this aspect. There is at
any rate very little doubt about the importance of gravity as an environmental
factor at high altitudes on mountains like the Himalaya. The enormous masses of
rock that compose these mountain regions exert without doubt an appreciable
force of attraction, as is readily evident from the deflections of the plumbline and
pendulum experiments. Of the various biological effects of different constant
gravities, the generally small size of the high altitude insects on massive mountains
seems to be closely correlated, at least in part, with the increased gravitational effect.
The possibility should not also be overlooked that even in the case of human beings,
the short stature of the local inhabitants of the high Himalayan valleys is due to the
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effects of this gravity. It would seem that the difficulties of movement, the great
effort required for even relatively small work and the rapid fatigue on even slight
exertion at high elevations on the Himalaya may not all be due to simple oxygen
deficiency, as has been generally assumed at present, but may be attributed, at least
in part, to the gravitational differences between mountain and lowland regions. The
skeletal muscles are normally adapted and adjusted for the gravity on the lowlands
and do not, therefore, seem to respond immediately at high altitudes on massive
mountains, until the necessary acclimatization has been achieved. There is of course
a very urgent need for intense rescarch on organisms exposed to different gravi-
tational fields.

II. BIOTIC FACTORS
a. Absence of Trees : Open Habitats

The great majority of the biotic factors of the high altitude environment are
ultimately to be traced to the absence of trees and to the restriction of the growth
period of the scanty, characteristically low-matted dwarf vegetation to the all-too-
short summer. Considered from this point of view, the high altitude environment
deals with open habitats. In addition to the effects on the formation and character
of the soil, the absence of trees exerts a far-reaching influence on nearly every
aspect of the high altitude insect life by greatly accentuating the effects of reduced
atmospheric pressure. The absence of trees, by increasing exposure, favours rapid
and strong insolation and radiation, widens the amplitude of temperature-humidity
changes of the soil, assists rapid transpiration and desiccation, eliminates wind shield,
restricts the food resources, deprives the high altitude insects of 2 number of impor-
tant microclimatic niches like the tree-bark, tree-trunk, foliage, etc. In a forest, the
intensity of light on the forest-floor, covered by forest plants growing in the shade,
amounts often to only about one-hundredth or even one-thousandth of that on the
top of the forest (711). GEIGER (402, 403) has also given an interesting description of
the differences introduced by the absence of trees in the intensity of solar radiation
at high altitudes on mountains.

The principal biotic factors of importance to the high altitude insects include the
nutritional conditions, the effects of crowding and isolation in the ecological niches.
Most of the other biotic factors can be traced eventually to the numerous inter-
specific relations at high altitudes.

b. Nutritional Conditions

The most striking peculiarity of the nutritional conditions of the high altitude
insects is the severe restriction of the active feeding period to the short summer on
most high mountains. On some of the mountains, especially in the northern hemi-
sphere, the total period of active feeding is perhaps no more than a few sunny hours
in the whole year. Even this is often irregular and frequently interrupted by un-
expected unfavourable conditions. Many species are, therefore, often unable to
continue feeding throughout the summer, when snow storms and avalanches may
force them back to their winter quarters or perhaps refreezing after an carly thaw may
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result also in high mortality. In nearly all cases, no feeding is also possible ‘until
all the winter snow has melted and the melt-water has revived the dormant high
altitude plants to active germination and growth.

The abbreviation of the active feeding period becomes more and more pro-
nounced with the increase in altitude and in the neighbourhood of the permanent
snowline on high mountains like the Himalaya, it may sometimes be interrupted
for one or even two years in succession. The mean total period of active feeding for
most insects is about ten weeks in the altitudinal zone between 3000 and 4000 m on
the south slope of the Northwest Himalaya. The period begins somewhat later and is
also of much shorter duration on the north slope than on the south. Except in the
case of the true soil forms, the feeding period is restricted to warm sunny hours even
in the case of underground species.

The food resources at high altitudes are extremely irregular, relatively scanty and
often greatly restricted to localized patches. Ecologically considered, there are two
principal sources of food at high altitudes. The autochthonous sources comprise the
material derived from the mountain—from the plants and animals that belong to
the high altitude environment. The high altitude vegetation, like the algal slime in
the streams, lichen, moss and the dwarf matted plants, represents the foundation of
the food pyramid, on which the lives of all depend, directly or indirectly as
the case may be. The second and perhaps astonishingly far more important source
of food at high altitudes is the wind-blown organic matter from the surrounding
lowlands.

The most abundant supplies of food, especially locally enriched organic matter,
are generally at the snow-edge. A great variety of organic debris, such as decaying
vegatable matter and dead high altitude animals, is to be had here. Vast hordes of
high altitude insects are attracted by the enormous amount of decaying vegetable
matter and countless dead and decaying insects and other animals, which come to be
exposed from under the edge of the receding snow in summer. The melt-water
soaks through and softens the organic matter and thus makes it readily available for
the high altitude insects. It is also here that, activated by the melt-water and the
heat of the summer sun, the seeds of the high altitude plants germinate and numerous
plants are rapidly sprouting up. Debris feeders, carrion feeders, scavengers, plant
feeders, and predators alike are assured of abundant food at the snow-edge.

Not only the snow-edge, but also the very surface of the snow, ice and glacier
constitutes an important foraging ground for the high altitude insects. The snow-
fields and the glacier surfaces are truly littered with a choice variety of refrigerated
food particles for an astonishing group of high altitude insects on nearly all the moun-
tains of the world. It sounds incredible that this refrigerated food supply is not really
of autochthonous origin, but is largely derived from the surrounding lowlands. The
great bulk of the food particles found in such situations is in reality air-lifted from
lower elevations and often from far-off plains of the surrounding country. Countless
millions of inorganic and organic dust particles, including the spores of fungi, pollen
grains of diverse plants, seeds, insects, spiders, etc. are lifted up from the plains by
air currents, blown by the upper-air winds, suddenly chilled and finally cast on the
snow-fields on high mountains. On the extensive glaciers and snow-fields on high
mountains one often comes across large numbers of insects that are really and typi-
cally inhabitants of the plains and of lower elevations, valleys, etc. and have been
brought here by wind. These insects are as a rule found frozen and dead on the ice
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and snow on the mountains. There are numerous scattered references to such
wind-blown organic derelicts on snow-fields on high mountains from different parts
of the world. The ecological importance of such wind-blown derelicts at high
altitudes on the Alps has been known since 1881 and considerable literature has
accumulated in recent years (192, 194, 200, 274, 275, 303, 310, 326, 340, 366, 411,
452, 456, 476, 600, 601, 621, 730, 734, 751, 797, 987, 1108, 1114, 1115). MANI (730)
has described the wind-blown derelicts on the snow-fields of the Himalaya as con-
sisting of aphids, jassids, aleurodids, winged ants, gnats, midges, flies, fruitflies, beetles,
butterflies, moths, grasshoppers, spiders, mites, etc., in addition to bits of leaves and
seeds of a great many different kinds of lowland plants. swan (1022) has recently
emphasized the great ecological importance of these wind-blown derelicts on the
Himalaya and has indeed separated a distinctive acolian zone at these extreme high
altitudes, characterized by the fact that the food resources are predominantly wind-
blown from the lowlands. ErHARD (322) and sTAUDER (997) have described the lifting
up of millions of butterflies Pieris scHR. by warm air currents far above the high peaks
on the Alps, to be frozen and thrown back on glaciers at night. There are records of
great swarms of grasshoppers like Melanoplus sTAL. being carried by air currents from
far-off areas in the plains and frozen and preserved in ice on glaciers on high moun-
tains. Myriads of the grasshopper Caloptenus spretus UHLER swarm from the Pacific Coast
slopes of the western highlands during July-August and in their eastward journey, they
are arrested by the high mountains, chilled and cast dead upon snow-fields of the
Rocky Mountainsin North America. We have the well known Grasshopper Glacier of
Montana in the western United States, in which are stratified layers of frozen remains
of grasshoppers, accumulated in successive years (456). The accumulations of dead
grasshoppers are estimated to be at least 600 years old. Among the wind-blown
insects commonly found on the Alps are Coccinellidae, Ipidae, Pieris brassicae LINN.,
DPieris rapae LINN., Vanessa urticae LINN., Plusia gamma LINN., Vespa rufa LINN. on the
Oberaar Glacier at an elevation of 2900 m and the Unteraar Glacier at an elevation of
2600 m, Coccinella septempunctata LINN. on glaciers at elevations of 2800-3000 m,
Halyzia sedicimguttata LINN. on snow and glaciers at elevations of 2800-3170 m,
Gaurotes virginiea LINN. at 3000 m, Macroglossa stellatarum LINN. at elevations of 3000-
3250 m, etc. (469). BOWDITCH (144) has also referred to the common occurrence of
numerous wind-blown beetles on Mt. Washington. Recently WiLsON (1114, I1I5)
has reported on wind-blown organic matter on snow-fields on high mountains
in New Zealand as containing even material from sea, found deposited at elevations
of 2440 m. In addition to the diverse insects, spiders, etc. from the plains, quantities
of insects from the lower valleys are also regularly lifted by strong air currents, to be
suddenly chilled and cast ultimately on the high mountain slopes. On all mountains,
except perhaps those situated in the extreme high latitudes, during the warm months
and in bright sunny weather, updraft air currents rise from low hills and from the
valleys below in the forenoon, attain their maximum often exceeding an upward
velocity of 40 m/sec. in the afternoon and declining about sunset. The updraft air
currents lift various flying insects, balooning spiders, etc. from the valleys and carry
them up to the mountain summits. The downward night winds that often blow
from the mountain summits to the valleys do not, however, bring down the high
altitude insects, because none of them are on their wings at night on the mountains.
Evenin the absence of strong winds, under ordinary atmospheric conditions, a most
remarkable variety of particles like pollen grains, spores of fungi, bacteria, small
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seeds, Protozoa, insects, spiders, etc. are carried aloft from the plains. The intensive
heating of the ground causes vertical currents, by which even heavier bodies are
lifted upward. The air being calm near the ground, such convection currents are
surprisingly strong and lift relatively heavy insects that happen to be on the wing to
great altitudes, where they are suddenly chilled and killed. Unlike those near sea-level,
the air currents at high altitudes are stronger and more constant in direction and thus
transport the uplifted insects often over long distances, across vast plains. GLICK (411)
found, for example, that aphids are frequently carried in this way over 1280 km and
the gypsy-moth over 180 km at an altitude of 4267 m. JOHNSON & TAYLOR (595)
have recently reported that about 92 ooo flies of Oscinella frit (LINN.) were air-borne
to an elevation of 1500 m in this manner. Kisuko (621) has found an abundance of
bacteria and fungal spores; fungal spores are abundant up to elevations of over
3000 m; the bacteria predominate over fungi in the air-borne spore material up to
elevations of 6ooo m, above which the fungi gain dominance. The wind-blown
debris accumulates not only on the glaciers and snow-fields, but also collects in
rock crevices and other sheltered situations at high elevations on mountains.

Such frozen wind-blown organic material constitutes perhaps the most important
source of food for the greatest majority of high altitude insects. Even VAN DYKE (1078)
observed the frozen remains of flies, ants, etc., on the snow-fields of Mt. Rainier and
Mt. Lyellin North America to attract enormous swarms of predators like Bembidion
LATR., Platynus BON., etc. The recent observations of MANI (730) and of sWAN (1022)
on the Himalaya emphasize the great importance of such wind-blown debris on
high mountains and it is indeed evident that as the elevation increases, especially
above the permanent snowline, the acolian food source is perhaps the most important
for the high altitude insects. swaN has suggested that even green plants thrive on
snow at great elevations on the Himalaya, on account of the nitrogenous material
contained in the wind-blown organic debris on the snow.

¢. Crowding and Isolation

Although the general effects of crowding on insects have long since been recog-
nized (28, 334, 464, 621, 705, 720, 773, 965), its ecological importance seems to have
“been completely overlooked so far. MaNI(730) recently drew attention to the possible
influence of crowding and its correlation to a complex of high altitude insect life,
their structure, habits and life-cycles. His observations on the Northwest Himalaya
indicate that the frequency and intensity of crowding of the high altitude insects in
their optimal microclimatic niches increase with elevation. As normal activities are
possible for these insects only in these niches, a great many different species, often
taxonomically wholly unrelated, are brought together, leading to pronounced
overcrowding during the major part of their development, growth, hibernation and
metamorphosis. In addition to very profoundly influencing the microclimatic
conditions, crowding in the insect niches at high altitudes affects the rate of growth,
the size, structure, colour, general metabolism, sex and other characters of the high
altitude insects.

The heavy concentrations of individuals of high altitude insects in localized islets
of widely separated and sparsely scattered microclimatically optimal niches have thus
the remarkable effect of breaking up the populations of high altitude insects into
numerous small groups, so that a high degree of isolation is characteristic of high
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altitudes in general. Every niche may perhaps be described as an ecosystem by itself,
almost completely isolated from other similar ecosystems genetically. Isolation
seems to be of far greater ecological significance at high altitudes than in lowland
biota.

I2. INTERDEPENDENCE OF THE LOWLAND AND
HIGH ALTITUDE ENVIRONMENTS

We have presented in the foregoing pages the salient features of the high altitude
environment, as distinct from the lowland environment. The emphasis on the
fundamental differences between these two extreme environments must not,
however, be interpreted to mean that these different environments are in any sense
independent. Not only a high and massive mountain system, like for example the
Himalaya, profoundly influences the climate and vegetation of the surrounding
lowlands, but also at the same time the prevailing climatic and vegetational characters
of the surrounding lowlands more or less greatly accentuate, ameliorate or otherwise
modify the altitude-conditioned environment of the mountain system. It is well
known, for example, that the climate and vegetation of the whole of India are very
profoundly influenced by the existence of the high Himalaya in the north. The
pattern of wind and rainfall distribution in India is determined by the Himalaya.
The presence of the Himalaya is also one of the principal factors for the pronounced
aridity and other vegetational peculiarities of the Middle Asiatic regions to the
north of the Himalaya. The general high altitude environment on Mt. Kilimanjaro
is largely the result of this mountain being situated on the Equator. The high altitude
environment modifies the lowland environment and is in its turn also modified by
the lowland environment. We observe, therefore, that the high altitude environment
differs on different mountains, situated in different climatic regions of the earth.
As is well known, broadly speaking, there are three principal climatic regions in the
world at present, viz. the tropical belt, the north temperate and the cold belt and the
south temperate and cold belt (fig. 18). The tropical regions are characterized by the
absence of sharply defined temperature-conditioned seasons. The north temperate
and the north cold regions of the world are large landmasses, with typically con-
tinental climate, characterized by sharp temperature-conditioned seasons. In the
southern temperate and cold regions of the world, we find relatively narrow me-
ridional land areas or numerous scattered islands, surrounded by extensive oceans,
so that the general climate is more oceanic and nearly isothermal conditions prevail
the whole year round. These fundamental differences in the general climatic con-
ditions of the lowlands very profoundly modify the high altitude environment.
The environment at high altitudes on the tropical mountains is predominantly
conditioned by diurnal temperature fluctuations. The high altitude environment on
the mountains of the north temperate and boreal cold regions of the earth is cha-
racteristically seasonal-thermic. The high altitude environment on the mountains
of the southern hemisphere is typically isothermal (fig. 18). The influence of the
local conditions and the modifications of the high altitude environment by the
lowland environment are summarized in table 12.
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Fig. 18. The modification of the high altitude environment by the prevailing climatic
conditions on the surrounding lowlands in different climatic zones of the earth. The
high altitude environment in the northern latitudes is chiefly a seasonal-thermic one,
with marked differences in the mean winter and summer atmospheric temperatures.
In tropical lands, the high altitude environment is characterized by dominance of the
diurnal range of atmospheric temperature over the seasonal, so that there is no sharp
difference between the winter and summer, but we find nocturnal sub-zero
temperatures every day at sufficiently high altitudes. In the southern latitudes, with
vast areas of oceans, the high altitude environment is typically isothermic.

TABLE 12

The influence of the local climatic conditions on the high altitude environment on
mountains situated in different climatic zones of the earth

Mountains in the north Mountains in the Mountains in the south
latitudes equatorial/tropical areas latitudes

Climate: continental: sea- Climate: diurnal thermic: Climate: Oceanic;isothermic
sonal thermic;  seasonal tropical.

temperature  fluctuations

greater than the diurnal and

ecologically also dominant.

Atmospheric cold due to Atmospheric cold due Atmospheric cold due slant-

the slanting sunrays and only to thin air. ing sunrays and thin air.
thin air.

Insolation intense due only Insolation intense due to Insolation due only to the
to the thin atmosphere. i. vertical sunrays and ii. thin atmosphere.

the thin atmosphere.
Winter snow-cover pro- No superabundant winter Neither winter nor mnoc-

nounced. snow, but nocturnal frost, turnal frost great.
often though slight, every
day in the year.

Hibernation in winter. No winter hibernation, —

but nocturnal dormancy
every day.
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On ecological, historical-geographical, evolutionary and othet considerations,
we shall, in subsequent chapters, attempt to describe the characteristic high altitude
environment on the principal mountains of the world, their high altitude ecology,
insect life and biogeography, under these major climatic zones of the carth. Brief
accounts of the vegetational peculiarities of the mountains will also form part of the
high altitude ecology of the mountains.



CHAPTER II1

ECOLOGICAL SPECIALIZATIONS OF HIGH
ALTITUDE INSECTS

This chapter presents a broad outline of the outstanding ecological specializations
of the high altitude insects, with particular emphasis on the fundamental differences
between the high altitude and lowland insects.

I. THE CONCEPT OF HIGH ALTITUDE SPECIALIZATION

The high altitude insects are an ecologically highly specialized group. Their
specialization is total and represents the interaction of the high altitude insects with
the complex high altitude environment in its totality. It would indeed be difficult to
point out any single peculiarity of the high altitude insects as an exclusively high
altitude specialization. We find, for example, nearly every one of these peculiarities
even in the lowland forms. The pronounced melanism of the high altitude insects is
by no means confined to high altitudes, but as is well known, melanism is common
among the insects of the forest and the plains. Wing atrophy, so characteristic of the
high altitude insects, is likewise equally widespread at sea-level. Prolonged hiber-
nation under the protective snow-cover is not again confined to high elevations
only. The question thus naturally arises: in what way are then the high altitude
insects specialized? The high degree of specialization of the high altitude insects lies
in the specific combination, at one place and time, of all these and a number of other
complex characters—a unique combination associated with an equally unique
combination of environmental conditions not met with elsewhere. It is the complex
combination of melanism, wing atrophy and diverse other peculiarities of the body
organization, development and habits, in intimate interaction with the high altitude
environment in its totality, that really constitutes the ecological specializations of the
high altitude insects. It would, therefore, be meaningless to speak of specialization
with reference to any single isolated feature. The whole body organization of the
high altitude insects and the sum-total of their habits and life-histories, taken together
in their totality in the context of the high altitude environment, constitute the high
altitude specialization.

The intricate complexity of the problems does not, however, obscure the major
trends of specializations. The ecological specializations of the high altitude insects
are in the main directed towards the utilization of some of the extreme environmental
factors above the limits of the forest, so as to counteract the unfavourable effects of
these and other extreme conditions. Paradoxically enough, some of the chain-effects
of the reduced atmospheric pressure are taken advantage of by the high altitude
insects in such a manner that the unfavourable effects of the other environmental
factors are largely minimized or even counteracted. Some of the extreme factors
have so modified the habits and the associated structures of the high altitude insects
that this modification itself enables them to flourish under the whole set of environ-
mental conditions. This specific utilization of the environmental factors is unknown
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among the insects of the forest and prairie near the sea-level. Although the speciali-
zations for life at high altitude on mountains thus involve the whole body organi-
zation and all the habits, it would be wholly outside the scope of the present volume
to attempt an analysis of all of them. We shall, therefore, confine ourselves in the
following pages to a broad general outline of only the more important or obvious
characters and habits.

2, HIGH ALTITUDE MELANISM

Pronounced dark pigmentation of the body is one of the most striking characters
of nearly all high altitude insects. Besides black, dark brown or reddish-brown,
other colours commonly met with are red, orange and deeper tones of yellow than
usually observed on the plains. Not only is the general ground colour on the whole
darker in tone than in the lowland forms, but even the spots, bands and other
markings on the body and wings tend to enlarge and often fuse together. The
predominant colours at high elevations appear on the whole to belong to the group
complimentary to blue or those that absorb or reduce the high intensity of the blue
prevailing at high elevations above the forest on mountains. With the possible
exceptions of a few true deep-soil forms, pale coloured or colourless species may be
said to be absent at high altitudes. It is also common observation that the same species,
which often occurs both below and above the forest-line on a mountain, is lighter
coloured at lower elevation and within the forest zone, but conspicuously darker
above the forest-line and at higher elevations. scorT (950, 951) observed, for example,
more intense melanistic colours at higher elevations than at lower on East African
mountains. Thaumatomyia secunda RICH. from elevations of 2000-2900 m on Mt.
Elgon is, for example, paler than from elevations above 3000 m and 3000-4260
m on the High Semyen in Abyssinia. There is also definite increase in the fre-
quency of darker coloured species with increase in altitude. The high altitude
butterflies Parnassius LATR., which are common on most Old World high mountains,
at least in the northern hemisphere, have, for example, wing-markings relatively
lighter coloured at elevations of 2700-3000 m, but almost exclusively and con-
spicuously darker ones in tone at elevations above 3500 m on the Himalaya. Another
high altitude butterfly, Colias raBR. from the Himalaya, occurring at elevations like
4000 m, have much deeper yellow or orange coloured wings than specimens found
about the treeline. The high altitude Carabid Bembidion LATR. is pale brown, bright
metallic-green or blue at lower elevations, but tends to be much darker brown or
also mostly black at higher elevations. Man1(730) has described a remarkable massing
of enormous numbers of darkly pigmented Collembola like Isotoma (BOURL.) BORN.,
Proisotoma BORN., Hypogastrura BOURL., etc. on snowfields on the Himalaya imparting
a characteristic sooty-black appearance to the whole snowfield, conspicuous even
from considerable distance. He has also pointed out that on the Himalaya, melanism
is pronounced not only among insects that often frequent the open ground and snow
surface, thus becoming exposed, but also among the others that ordinarily occur in
relatively sheltered situations under stones and are not ordinarily exposed.

The high altitude melanism has been known for some time, at least in the case of
the insects from the Alps. As nearly as 1836, HEER (493) showed, for example, that
the high-alpine zone insects from the Alps tend to be darker and darker as the
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altitude increases. Since then, the problem has been discussed from various points of
view and there is considerable diversity of opinion regarding the significance of the
various underlying factors in the case of melanism in insects in general and of the
high altitude melanism in particular (278, 348, 404, 458, 629, 703, 768, 842, 911,
994, 1042, 1096). A useful summary of the more important papers on the subject
will be found in PROCHNOW (844, 845).

Recent studies on the Himalaya seem to demonstrate the fact that, at least in so
far as the high altitude insect melanism is concerned, there is a significant correlation
with the special high altitude environmental conditions, but particularly the atmos-
pheric cold, the snow-cover, the high intensity of ultra-violet radiation, high light
intensity, the excessive blue of sunlight and skylight, the intense insolation, the generally
high environmental (niche) humidity, and the pronounced crowding during
development and hibernation (fig. 19). The ecological importance of melanism at
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Fig. 19. The high altitude melanism and its ecological correlations.

high altitudes is closely bound up with the fact that dense pigments serve as effective
protection against the injurious effects of the intense ultra-violet, the action of which
is one of the contributory factors in the production of these pigments. ERHARD (322)
and others (730) have suggested that the high altitude melanism has a protective
value from injury due to the ultra-violet rays. Heavy pigmentation of the integument
is the result of reaction to excessively intense solar radiation. Having risen under the
action of this radiation, dense pigmentation serves to protect the deeper and delicate
tissues from injury by the radiation. In addition to this main function, a number of
other accessory functions may also be observed. It is also readily apparent that
melanism has a significant relation to the intense insolation and its importance in
absorbing warmth in direct sunshine has been recognized by a number of workers.
HANDSCHIN (468, 471, 473) has, for example, drawn particular attention to this
function. sCHRODER (934) has given an excellent account of the thermo-insulatory
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action of the dark body pigmentation of insects, with special reference to the alpine-
zone species from Mt. Kilimanjaro. He has also given a general discussion of the
views concerning this property, put forward by PROCHNOW in 1903, in the light of
his own observations on Lepidoptera at elevations of 4690 m on Mt. Kilimanjaro.
HANDSCHIN (471) observed the nival-zone Collembola from the Alps to absorb, with
the help of their dense body pigments, enough warmth during the day in direct
sunshine to survive the freezing during the night. It would seem, therefore, that but
for the densely pigmented condition, the high altitude insects are unable to absorb
warmth from the direct sunshine, without at the same time suffering serious injury.
It must also be recollected that dark pigments not only facilitate insolation but also
favour radiation of the warmth equally readily, depending upon the tone of colour
of the background. As on darker background of rock, the body radiates away the
warmth, the melanistic high altitude insects seek the snow surface for absorbing
warmth from direct sunshine. Reference may also be made to a paper by rRtCker
(905) on the correlation between body pigmentation and the heat economy of the

body.

3. REDUCTION AND LOSS OF WINGS

Reduction of wings and total apterous condition are frequent in nearly every
group of insects even near sea-level and it would seem that many different and
unrelated groups are at the present time evolving towards secondary apterous
condition for one reason or the other. Wing atrophy is often associated with very
diverse conditions, like sex dimorphism or with sedentary modes of life, degenerate
modes of feeding, myrmecophily, termitophily, parasitism, etc. The proportion of

- short-winged and wingless species in the biota of the forest and prairie is on the
whole comparatively small. At high elevations on mountains, there is, however, a
significant dominance of species with reduced or vestigial wings or without any
trace of wings in all orders and in nearly all communities. Even most of the winged
species rarely, if ever, take to wings at high elevations above the forest on mountains.

The general preponderance of flightless, brachypterous and apterous insects on
mountains has long been known from different parts of the world. BABLER (74),
JANETSCHEK (567), SCHONMANN (932) and others have, for example, reported the
great abundance of these types on the Alps. scorr (950, 951) and uvAROV (1070)
similarly found the apterous condition to be common among the high altitude
insects, at elevations between 3000 and 4000 m on the East African mountains.
DARLINGTON (232, 233) has reviewed the problem of the apterous condition among
the Carabidae on mountains and in islands. Carabidae, which constitute an important
group of high altitude insects on all the well known high mountain ranges in the
world, are remarkable in many ways. In temperate regions on the plains, the wing-
less condition is more frequent among the Carabidae than is the case in the tropical
regions. According to VAN DYKE (1079), Carabidae are gradually losing their wings
near sea-level in the arctic latitudes and on high mountains even within the tropical-
temperate regions. He has also drawn attention to the important fact that Carabidae,
which are endemic to the cold and wind-blown elevated areas of Middle Asia, show
a general tendency for wing reduction and total loss of wings. MaNI (730) showed
that nearly 50% of the high altitude insects from the Northwest Himalaya are



Ecological specializations 55

apterous. The frequency of the apterous condition increases to nearly 60% at
elevations above 4000 m. The great majority of the remaining species, which have
more or less well developed wings, rarely, however, fly on the Himalaya. In some
of the typically winged orders like Coleoptera, for example, the percentage of the
apterous and flightless species is much higher than the general average for the biota
of the forest in the plains of India. The apterous species at high altitudes on the
Himalaya are about twenty-five times more abundant than within the forest zone.
The frequency of the apterous condition is distinctly much higher near the permanent
snowline than in the zone immediately above the treeline. The apterous condition is
also somewhat more pronounced in the biota of the north slope of the Himalaya
than on the south slope. The mean frequencies of the flightless conditions and of the
apterous species in different orders of the high altitude insects from the Northwest
Himalaya are summarized in table 13.

TABLE 13

The frequency of apterous and flightless conditions among
the high altitude insects of the Northwest Himalaya

Order or family Percentage of Percentage of
apterous species flightless species
Orthoptera 70 25
Dermaptera 100 -
Heteroptera 56 ?
Carabidae 90 10
Staphylinidae* — 100
Tenebrionidae 100 —
Chrysomelidae 86 12
Curculionidae 75 25
Hymenoptera 40 10

* Although a great many species of Staphylinidae are apterous on the Himalaya, we
have at present no means of estimating the exact proportion of the apterous and
flightless species.

Apterous species are common among the following genera on the Northwest
Himalaya: Orthoptera: Dicranophyma uvarov, Gomphomastax BRUN., Conophyma
ZUB., Bryodema F1EB. with reduced elytra and wings especially in the female, Podisma
LATR. (flightless). Dermaptera: Anechura sCUDDER. Heteroptera: Phimodera HUTCH.,
Dolmacoris HUTCH., Chlamydatus curris, Tibetocoris HuTcH. Coleoptera: Bembidion
LATR., Bradytus stepH., Carabus LINN., Chaetobroscus sem., Cymindis LATR., Nebria
LATR., Trechus CLAIRV., Pterostichus BON., Notiophilus DuM., Patrobus pJ. (Carabidae);
Ascelosodis REDTB., Bioramix BATES, Blaps ®ABR., Cyphogenia SOL., Syachis BATES
(Tenebrionidae); Longitarsus LATR., Merista cHAPUIS, Chaetocnema stepH. (Chrysome-
lidae); Anchlaenomus, Lagenolobus raustT, Leptomias FaUsT (Curculionidae).
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Nearly 85% of the Pterygota on Mt. Kilimanjaro are brachypterous and are quite
unable to fly. The Tipulidae Tipula subaptera rREeMAN (fig. 32) from Mt. Kilimanjaro,
Limnophila (Dactylolabis) rhicnoptiloides ALEX. from the Alaskan mountains and
Limnophila (Dactylolabis) wodzickii (Now.), the larvae of which breed in gigantic
cliffs over which water drips at elevations of 1800-2450 m on the West Carpathians,
are brachypterous. HACKMAN (457) has recently given an extremely interesting
account of the apterous and subapterous high altitude Diptera. Many endemic
genera and mountain autochthonous species of other often widely distributed genera
are apterous in both the sexes on the East African mountains. Mesaptilotus RiCH. from
the Ruwenzori Range, Ocellipsis RICH. from Mt. Elgon, Binorbitalia ricH. from the
Aberdare-Kenya Mountains and from the Ethiopian Highlands, Lobeliomyia ricH.,
DPismira RICH., Oribatomyia RiCH., Atuligera RICH., etc. are some of the important
examples. Other high altitude apterous or subapterous Diptera from the East
African mountains include Limonia oreositropha spersEr from Mt. Kilimanjaro,
Limonia butoniana ALEX., Fur fugitivus JONEs, Obstinocephala tali JONES and Wiede-
wannia reducta JoNEs (Empididae) from the Ruwenzori Range, the Phoridae Apfi-
nandria effeminata scamitz from Mt. Kenya, the Sepsidac Apterosepsis basilewskyi
RICH., from Mt. Meru, the endemic Chloropid Alembus ricH., etc. We have from
the Alps records of the Borborid Aptilotus paradoxus mix. without wings and halteres
in both the sexes. Many species of Tipula LINN. and Chionea paLM. and Alfredia
acrobata BEzz1 are brachypterous in both the sexes. While in most Tipulidae from the
Alps, the females are generally apterous (for example Tipula sexspinosa STROBL., T.
hemapteranda Bezz1, T. cisalpina RIEDEL, T. franzi MANNH. T. riedeliana MANNH. and T.
sacci MANNE.) and occur so far as is known only on the southern Alps (Tauern,
Koralps and the Dolomites) and the southwest Alps(Monte Rosa, Aletsch, Pontresina
and Sondrio), there are no apterous female tipulids on the Tyrolean Alps. LINDNER
(697) found the apterous females of T. sexspinosa STROBL., known only as males on the
Koralps. On the Cordilleran mountains of North America, wing reduction is met
with in Pedicia degenerata ALEX., P. subaptera ALEX., P. aspidoptera coQ., etc. In Limonia
geyserensis ALEX. the female is brachypterous but the male is normally winged.
The Phoridae Puliciphora glacialis MALL. is apterous in the female and the Borborid
DPteremis unica sPUL. is brachypterous in both the sexes and Americaptilotus spp. are apte-
rousin both the sexes. The Tipulid Gynoplistia westw. from New Zealand mountains
is remarkable for its wing reduction in the female. HEMMINGSEN (505) has discussed
some aspects of wing reduction among Tipulidae. Wing reduction and associated
reduction in palpi among Sciaridae are discussed by LENGERSDORF (687).

The wing atrophy and the flightless condition in high altitude insects are without
doubt correlated with the high altitude environment and represent, therefore, part
of the high altitude specializations (fig. 20). Indeed the réle of the prevailing climatic
conditions of the habitat in the reduction and loss of wings has been stressed by a
number of workers (232, 233, 1079). The researches of DEwITzZ (257, 258) demonstrate
a close correlation between wing atrophy at high altitudes and the oxygen deficiency
of the atmosphere and the atmospheric cold. The influence of atmospheric temper-
ature on the flight of insects even at sca-level is readily observed in the case of the
common cockroach. According to the observations of ReHN (868), both sexes of
Periplaneta spp. appear to be capable of flying normally in tropical and subtropical
countries, in the north temperate climates the females appear to be on the whole
incapable of flight, though of course they are provided with normally developed
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Fig. 20. The ecological correlations of the apterous conditions among high altitude
insects.

wings. KRAMER (G5s) refers to MALLIS as having thrown the females of Periplaneta
americana LINN. experimentally into air at a temperature of 27.7° C and found them
to merely flutter the wings, but quite unable to gain either height above ground or to
fly. kRAMER also found that most cockroaches fail to fly at temperatures below 21° C.
DARLINGTON (233) has also referred to the possible influence of the prevailing atmo-
spheric temperature in the flight of insects and on the loss of wings in Carabidae.
While he admits that low atmospheric temperatures may retard or inhibit the normal
development of wings, hinder active and normal movements of the flight muscles,
thereby restricting or totally eliminating effective flight and thus lead to progressive
wing atrophy, he fails to fully recognize the close correlation between the atmospheric
temperature and wing atrophy among the high altitude insects. Low atmospheric
pressures would also appear to make flight mechanically difficult, perhaps in much
the same way as high wind velocities. DIGBY (262) concludes from field and experi-
mental evidence that even at sea-level the effects of strong winds on the loss of wings
are obviously great. 1LLiEs (563) traces the loss of wings in the Andiperlinae to the
high intensity of the prevailing winds on the high mountain regions where the group
is endemic. Limitation of the habitat on mountains is also considered by DARLINGTON
(233) as one of the possible contributory factors. The experimental evidence summa-
rized by KistMOTO (622) seems to demonstrate the influence of crowding during
development and metamorphosis on wing atrophy. It must, however, be emphasized
that the loss of wings among the high altitude insects is by no means a simple
phenomenon, governed by a few isolated or even predominantly important factors,
as is only too often taken for granted. The absence of flight, vestigial wings, the
reduction and total loss of wings among such a large majority of insects at high
altitudes on nearly all the high mountains of the world are without doubt part of
their ecological specializations, closely correlated with the high altitude environment
in its totality.
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4. SOME OTHER STRUCTURAL PECULIARITIES

In addition to the heavy body pigmentation and the wing atrophy, reduction in
the mean body size is one of the most striking characters of high altitude insects.
While certainly large or medium-sized insects are not altogether absent on moun-
tains, there is, however, a very pronounced tendency for reduction in the mean
size of the body in most high altitude groups of insects with increase in elevation.
Among Coleoptera, relatively large forms like Calosoma weser do not generally
ascend to elevations much above the treeline even on the Himalaya (where nearly
every type of insect occurs at much higher elevations than on most other mountains).
In any case no large species of this genus occur at elevations above 3500 m on the
Himalaya. The smaller species occur, however, at the highest elevations at which
Coleoptera have so far been found on the Himalaya. The great bulk of the species
of Bembidion LaTR. from the high meadows at elevations of 3000-4000 m on the
Northwest Himalaya are, on an average, about 5-8 mm long, but the species oc-
curring at elevations of 5000 m measure between 2-3 and 3-4 mm only (fig. 21). A
number of species that occur within the upper reaches of the forest zone, at elevations
of 2500-3000 m, average to lengths of 8-13 mm. Reduction in the mean body size,
with the increase in altitude, is observed in several other altitude genera like Amara
BON., Nebria LATR., Trechus CLAIRV., etc. on the Himalaya. As is well known, the
Trechini as a whole are among the smallest Carabidae, but the proportion of Trechini
in the total Carabidae near sea-level is nowhere significantly as high as at high
altitudes. Both as we ascend higher on mountains and as we proceed to higher

MEAN BODY SIZE MM

1000 2000 30Q0 4000OMETRES
ALTITUDE

Fig. 21. The mean body size of the high altitude species of Bembidion LATR. at
different altitude zones on the Northwest Himalaya. A significant reduction in the
mean body size may be observed with increase in elevation.

north latitudes, the Trechini become progressively more abundant, until both at
extreme high altitudes and north latitudes they are perhaps the only Carabidae that
one comes across. The studies of THIELE & KIRCHNER (1034) on the relation between
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the mean body size reduction and elevation among Carabidae are extremely inter-
esting. In Pterostichus BON., for example, the low-mountain forms are markedly
smaller than the typical lowland forms. The high-mountain populations are still
smaller in size than the low-mountain populations. In Agonum BON. the low-
mountain forms do not differ very conspicuously from the lowland forms, but the
high-mountain populations are remarkable for their pronounced reduction in size.
RENSCH (881) has also referred to the mean smaller size of the mountain races of
Carabus LINN. in comparison to the lowland forms.

Reference may also be made to the interesting observations of REINIG (874,877,
878) on the significant reduction in the mean body size of Tenebrionidae with increase
in elevation. According to him, there is at the same time a progressive general
flattening and increase in the width of the body, associated with increase in the
convexity of the elytra. The elytral margin becomes also acute and the lateral carina
of the pronotal shield becomes fainter or is also totally absent at higher elevations.
There is often an over-proportional growth in the length of the mucro by about
160%. An increase of 50% in the mean length of the body from 22 mm to 34 mm is
associated with a corresponding lengthening of the mucro from 1.6 to 4.2 mm
(160%). The arching up and the flattening of the elytra of the steppecole species
from the high Pamirs are correlated with the differences in the prevailing atmos-
pheric temperatures. The space within the mucro is believed to serve as a reservoir
in these species. The flatter species appear to have longer mucro than those with
relatively convex elytra. In some strongly convex and apterous Pimelia spp. air is
known to be stored up in the space between the dorsum of the abdomen and the
elytra and this air is believed to help in protecting the body against the undue
warming up by strong insolation. For example, the intense insolation in the Alai
Valley of the Pamirs Region has the effect of mean high ground temperatures of
45-50° C and the nocturnal radiation results in the fall of ground temperature to —6
or even —12° C. The air stored up in the space between the dorsum of the abdomen
and the elytra tends to mollify the extreme effects of both these factors. In Prosodes
(Uroprosodes) costifera Kr. the range in body length of the female lies between 22.0 mm
and 26.6 mm, with a mean of 22.852 4- 0.228 mm in the lowland populations from
Buchara area. In the females from the Alai Valley the range is only 19.5 to 24.2 mm,
with a mean length of 21.484 + 0.060 mm. The length of the mucro in females from
populations of the lowland area of Buchara ranges from 1.0 to 1.5 mm, but in those
from the Alai Valley the maximum is only 1 mm. The length of the elytra in the
females ranges in the Buchara populations from 1.70 to 1.90 and in the Alai Valley
populations from 1.61 to 1.79 mm, with respective means 1.80 and 1.68 mm. The
means of the index of the elytral length to thorax width for the females from the
Buchara lowlands and from the Alai Valley amount respectively to 0.55 and 0.61.
Prosodes alaiensis XRr. from the Buchara lowlands has a body length ranging from 22
to 26.6 mm in the female and 20-26 mm in the male, but in the eastern parts of the
Alai Valley 19.5-24.2 in the female and 19-23 mm in the male, at an elevation of
3270 m. In the case of Blaps caraboides ALL. also similar conditions are described,
though the distance separating the two populations is hardly so km. The mean body
length is 18.9 mm, the range is 16.1-20.1 mm at an elevation of 3000 m and 20.5 mm
with a range of 19.8-21.1 mm at an elevation of 1890 m. The range of body length in
Anatolica paphia REITT. is 9.5-12.4 mm at an elevation of 3270 m (with a mean of
10.693 = 0.067) and 11.0-13.5 mm (with a mean of 11.860 £ 0.147) at an elevation
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of 2800 m in the Pamirs Region. In the variable species Platyscelis (Platyscelis)
margellanica R., widely distributed in the Pamirs, the range of body length in the
males and females at different elevations is summarized in table 14.

TABLE 14

Body length of Platyscelis (Platyscelis) margellanica
KR. at different clevations on the Pamirs

Elevation Female Male
inm Range Mean Range  Mean
1800-2200 12.0-13.7 12.9 11.6-13.5 12.6
10.9-12.0
3100 11.0-12.0 11.5 11.5
3200-3400 10.1-12.0 11.1 9.5-13.0 9.9

It is also interesting to observe that there is not only a progressive reduction in the
mean body size with increase in elevation in most orders of high altitude insects,
but the smaller and more minute-sized orders like Diptera and Collembola gain
increasing dominance at higher elevations and replace almost entirely every other
type above the permanent snowline. There is, therefore, a very significant correlation
between reduction in the mean body size of the high altitude insects and the elevation.
Size reduction must be described as part of the high altitude specializations.

The body size reduction is apparently influenced by a number of complex environ-
mental factors, with which it is also closely correlated. The reduction and loss of
wings and the absence of flight even among the winged forms have the direct effect
of reduction in the general body size. It is known, for example, that at sea-level in
every group in which wing reduction and wing atrophy have occurred, the alate
forms are larger than the subapterous and apterous forms. The atrophy of wings
may, therefore, directly favour the reduction in the general size of the body as a whole.
Atmospheric cold, the prolonged snow-cover, the predominant tendency for en-
dogeous mode of life and the prolonged hibernation also tend to retard metamor-
phosis and cause in consequence a reduction in the size of the body. Crowding must
also be considered as an important underlying factor in this connection. The small
size of the body enables the high altitude insects to effectively reach and take ad-
vantage of the sheltered microclimatic niches under stones, in rock crevices and
other similar situations. It is interesting in this connection to recollect that even
among the high altitude plants the small size, due to the abbreviation of the inter-
nodes, must not be interpreted as indicative of young age in the plants, but as a
general reduction in size, in close correlation to the high altitude environment.

As the clevation increases, we may observe an increasing preponderance of specics
with dense body clothing of bristles, setae, scales and waxy coatings, especially in the
case of the insects that frequent the open snow surface or visit the rock surface
during the hours of bright sunshine. LINDNER (697) has pointed out that a dense
clothing of bristles forms a part of the high altitude adaptations among the high-
alpine zone Anthomyiidae (Diptera) from the Alps. He ascribes to it the functions of
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not only absorbing the warmth from the sunshine but also of insulating the body
warmth. A dense clothing of bristles would obviously be useful in retarding the
rate of evaporation of moisture from the exposed body. The same peculiarity has
also been observed at high altitudes among the Anthomyiidae from the Northwest
Himalaya (730).

LINDNER (op. cit.) has described a characteristic forward bulging of the face in the
high altitude Anthomyiidae from the Alps. According to him, the bulk of the nival-
zone flies are readily recognized by their characteristic protruding frons. This
bulging of the frons in the Anthomyiidae and other Muscoid flies has, according
to him, an important physiological significance. These flies not only feed but also
absorb the warmth of the sunshine and the warmth that is being radiated away by
rock surface that had previously been exposed to insolation. The flies rest on the
warm rock surface during cloudy intervals in order to absorb the warmth that is
being radiated away. The forward bulging of the frons is believed to increase the
effective heat-absorbing surface of the body and thus also to aid in searching for
warm patches of rock and in testing the radiating power of the rock surface. Identical
conditions have also been observed among the Anthomyiidae at elevations of 4000 m
on the Northwest Himalaya (730). The shiny and the highly reflecting surfaces of the
dorsum of the high altitude Coleoptera like Orinodromus xoLBE and Peryphus pE
JEAN., the conspicuously arched elytra in Peryphus pE JEAN., from Mt. Kilimanjaro,
enclosing air spaces within are also considered as some of the important high altitude
ecological specializations.

§. COLD STENOTHERMY

The greatest bulk of the high altitude insects are characterized by their pronounced
cold stenothermy. They have a relatively narrow range of optimal temperatures,
usually in the neighbourhood of the freezing-point. They are ecologically and
physiologically bound to low temperatures and may, therefore, be appropriately
described as cryobiont types. All their metabolic activities are normally adjusted to
relatively low temperatures. There are also some typically cryophile forms, existing
side by side with the strictly cryobiont species, and these occur often not only under
conditions of low atmospheric temperatures near glaciers but also in relatively
warmer conditions in special niches. We may observe indeed nearly every transition
from the extreme cryobiont type to the more or less thermophile one, in correlation
with the wide range of optimal conditions of temperatures in the different environ-
mental and microclimatic niches. Regardless of these differences, cold stenothermy
is a distinctive character of the high altitude insects; it is a part of the high altitude
specializations. On the basis of their cold stenothermy, we may recognize the follow-
ing broad categories among the high altitude insects on most mountains: i. insects
which are normally at subzero atmospheric temperatures, often as low as —10° C;
ii. insects which are active at temperatures between 0° C and s° C; iii. insects which
are active only during the hours of bright sunshine and which are adjusted to atmos-
pheric temperatures ranging from 5° C to 10° C and iv. insects that are habitually
subjected to more uniform but low temperatures in the underground niches, in
melt-water torrents, etc. The low temperature valence, which is a natural corollary
of the pronounced cold stenothermy, is characteristic of the high altitude insects,
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whether they are from equatorial high mountains or from the mountains of the
north temperate zones of the earth. The temperature valence becomes indeed
progressively narrower as the altitude increases and is also more pronounced on
mountains in the middle of large continental masses than in oceanic areas, as for
example in the southern hemisphere, at comparable altitudes. While able to tolerate
low temperatures in the neighbourhood of the freezing-point and often even much
below this limit, most high altitude insects appear to be unable to withstand even a
slight rise in the temperature above the upper limits of the temperature optimum,
characteristic of the species in a given habitat. Most species which are adjusted to
fairly uniform niche temperatures, such as, for example, the larvae of Ephemerida,
Plecoptera, many aquatic Diptera like Blepharoceridae, Deuterophlebiidae, many
Collembola, etc., developing normally under temperatures ranging from —1.5 to
5° C during the summer, are killed by a few minutes’ exposure even to the warmth
of the human hand (730). The unpigmented, hygrophile, blind latid Isopod Mesonis-
cus alpicola (HELLER) from the Alps behaves also in a similar manner (384). CHAPMAN
(200) and MARCHAND (739) have also reported that the snow Tipulid Chionea DALM.
is likewise extremely sensitive to the warmth of the human hand.

A great deal of experimental work has been carried out in recent years on the cold
stenothermy of insects (302, 351, 450, 654, 707, 708, 718, 818, 823, 907, 014, 043,
1083). Diverse insects have been experimentally cooled down to temperatures of
—10, —20, and —26° C without apparent injury. The insects that normally
hibernate during the winter and those that are actually undergoing hibernation are
known to exhibit far greater tolerance to low temperatures than others. Some of
them withstand, for example, exposures to a temperature of —s0° C. A number of
insects which are undergoing diapause have also been experimentally cooled down
to —81° C without apparent harm.

The cold stenothermy of the high altitude insects differs, however, from the cold
hardiness of the lowland species, observed under such experimental conditions, in
several fundamental respects. The high altitude insects are characterized by their
capacity not merely to survive, but also to continue their normal development and
growth, undergo metamorphosis, to feed and carry on all their normal activities at
temperatures, at which the lowland insects ordinarily suffer reversible cold stupor.
They are further characterized by their capacity to utilize the prevailing atmospheric
cold itself, in an effective manner, for counteracting the extreme injurious effects of
the reduced atmospheric pressure at high elevations. The temperatures that are
suboptimal or perhaps even lethal to the insects of the lowlands, forest and prairie are,
on the other hand, completely optimal to the high altitude insects. Many high
altitude insects are normally active at temperatures of —1.5° C and 1.7° C on the
Himalaya. Colias hecla glacialis MCLACH. is active on its wings on the Klutlan Glacier
at elevations of 2885 m, during the hours of bright sunshine, at temperatures of
9-13° C. The lowest temperature at which a high altitude insect has been found to
be active is —10° C. At this temperature at night during June 1953, it was observed
that Collembola like Hypogastrura BoUrL. and Proisotoma BORN. crawl about
actively on the surface of the Sonapani Glacier on the Northwest Himalaya, at an
elevation of 5000 m. It may also be recalled that the cavernicolous Silphid Astagobius
angustatus has been reported to be able to carry on normal activities in ice-grottoes,
at temperatures ranging from —17 to 10° C. Among the high altitude insects,
Collembola stand perhaps foremost in their cold stenothermy (s70, $71, 572, 730,
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1003, 1006). The recent observations of PRYOR (847) in the Antarctic seem to confirm
these facts. Collembola have been observed there to withstand exposures to temper-
atures as low as —s0° C. Isotoma klovstadti CARPENTER is, for example, not harmed
by the low atmospheric temperature, but it is unable to withstand desiccation in
sunny weather. As higher atmospheric temperatures favour rapid desiccation, the
high altitude insects are inexorably bound to the low temperatures and their cold
stenothermy is, therefore, of significance in preventing death by rapid loss of their
body moisture due to high atmospheric aridity. The survival of the high altitude
insects on mountains is possible only because of the atmospheric cold and the cold
stenothermy is the specialization that makes the utilization of the atmospheric cold
in this unique manner.

The cold stenothermy of the high altitude insects varies within certain limits,
from species to species and even in the same species, each succeeding stage in the
life-cycle shows a progressive diminution of the cold stenothermy. An insect that
hatches from the over-wintered egg or reawakens from a hibernating stage during
early summer, develops normally at increasingly higher temperatures, with the
advance of summer. There is, therefore, a gradual fall in the cold stenothermy as the
summer advances and the life-cycle progresses from the dormant to the active stage.
Maximum abundance of the larvae of Deuterophlebia mirabilis EDW. is found, for
example, in water with a mean temperature of 5.7° C, but for the pupae the mean
water temperature is 7.5° C. The cold stenothermy of the high altitude insects is
closely correlated to the winter snow-cover on mountains. The snow-cover acts as a
most effective protective blanket for the ground against the great atmospheric cold
during the winter and thus also sets a limit to the cold stenothermy of the insects
hibernating underground. It must not also be overlooked that the cold stenothermy
of the high altitude insects is the result of the chain action of atmospheric aridity.
It has, for example, been shown experimentally that partial dehydration actually
increases the cold hardiness of insects even near sea-level (823). sALT (914) showed,
for example, that severe desiccation produces cold hardiness in species that are
normally not cold hardy. While not a linear function of the prevailing atmospheric
temperatures at high altitudes on mountains, the cold hardiness of the high altitude
insects is undoubtedly the outcome of the prolonged exposures to cold.

6. HYGROPHILY AND TERRICOLY

Although the high altitude environment is largely characterized by more or less
pronounced atmospheric aridity on most mountains, the greatest majority of the high
altitude insects are typically hygrophiles or also hygrobionts. They are everywhere
remarkably concentrated in humid, damp or moist localities. As snow-cover,
especially the winter snow-cover, is the ultimate source of all moisture and water at
high elevations, all terrestrial species of high altitude insects and other Arthropoda
are heavily concentrated near the edge of the winter snow, the ice margin, the
glacier snout, the edge of the melt-water ponds and torrents, glacial lakes and springs.
Even the strictly true soil types that are not directly dependent on the atmospheric
moisture, are found only in such localities as are covered by snow during the winter.
As may be recollected, the snow-cover during the winter prevents the permafreeze
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of the soil and also ensures adequate soil moisture during the succeeding summer.
It is not only the soft-bodied and delicate forms like Collembola, which are of course
highly hygrophiles even at sea-level, but also other groups like Coleoptera, Der-
maptera, Diptera, etc. (many of which are not necessarily hygrophiles in lowland)
which are exclusively either hygrophiles or also true hygrobionts in the high altitude
biota. The dominant hypsobiont genera like Bembidion LATR., Nebtia LATR., Trechus
CLAIRV., Atheta THOMS., the high altitude Dermaptera, Lepidoptera and others are
to be found almost exclusively at the snow-edge. Remarkably enough, no hiber-
nating insect may also be found in a locality that does not receive the winter snow-
cover.

It is obvious that only in moist situations near the snow-edge or near the melt-
water collections the high altitude insects can expose themselves in the open and
absorb the warmth from the direct sunshine and still not suffer from the risk of
rapid desiccation to death. The high altitude insects are thereforé absolutely bound
to the snow in a most intricate manner, mainly because of the extreme atmospheric
aridity at higher elevations. With the increase in altitude on the Himalaya, the Alps
and most other comparable high mountains in the world, there is a significant
increase in the proportion of hygrophile and hygrobiont types of insects. It must,
however, be pointed out that excessive soil moisture does not seem to favour the
colonization by rich terricole and soil insect life on mountains. This is observed
particularly on some of the East African mountains, where marshy conditions are
generally associated with an extremely poor insect life (vide Chapter VII).

The high altitude insects are predominantly geobionts on most high mountains
or many are also geophiles. Even the characteristically planticole species that
generally occur in vegetation mats and vegetation cushions or among the moss
and lichen incrustations show a very pronounced tendency to remain on the under-
side of the vegetation, close to the ground. Most species actually also spend the
greatest part of their time on the ground or remain even underground and come to
the plant above ground only during feeding time. It is also remarkable that only the
adults of a relatively small number of the high altitude insects occur on the open
surface of the ground; the rest are found exclusively under stones, inside crevices in
rock, in the soil, under snow and other similar concealed situations on the ground.
In the lowland biota, the proportion of true geophiles and geobionts is mostly small,
except perhaps in hot deserts and the geophile and geobiont groups are not also
dominant. At high altitudes on mountains, however, it is these groups that are pre-
dominant. Collembola, Dermaptera, Heteroptera, Carabidae, Staphylinidae,
Histeridae, Tenebrionidae, Chrysomelidae, Curculionidae, Hymenoptera, Lepido-
ptera and Diptera are nearly wholly either geophiles or geobionts on mountains.
The caterpillars of the high altitude Lepidoptera remain in the ground or under
stones and the eggs are deposited not on the larval food plants as is usual with these
groups in the lowland environment, but under stones. zELLER (1132) has described
this habit among the high-alpine zone Lepidoptera from the Alps. There is a pro-
gressive increase in the dominance of these forms with the increase in clevation,
until at extreme elevations, especially above the snowline, these are the only types of
insects that one finds.

The close correlation between hygrophily and terricoly may be seen in the fact
that the insects can be truly geobiont and endogeous types only in localities where
the soil is not frozen permanently, owing to the protective action of the winter
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snow-cover. The terricoly, hygrophily and the snow-cover are, therefore, all most
intricately and closely interlinked and the habits of the insects are integral parts of the
high altitude specializations.

7. OTHER HABITS

In all the high altitude insects active life is severely restricted to the summer, at
least on the mountains in the northern hemisphere. The greater part of the year is
passed in hibernation under snow-cover. With the coming of summer and the
melting of the winter snow, the insects revive to a period of active development and
growth, movements, feeding, oviposition, etc. On the equatorial mountains,
however, all activities cease everyday nearly at or soon after sunset, to be revived
again after the sunrise next morning. There is, therefore, no pronounced seasonal
rthythm in the activities of the high altitude insects on the tropical and equatorial
mountains. On these mountains and on the mountains of the south temperate
regions of the world, the activities of the high altitude insects are typically character-
ized by a pronounced dominance of the diurnal rhythm over the seasonal.

We have already shown that the fluctuations of the atmospheric conditions
influence also the microclimatic conditions to different degrees in differentinsect
niches. There is actually wide selection of conditions of temperature and humidity
for the diverse activities of different insects. Insects that belong to niches with uniform
microclimatic conditions continue to be more or less normally active throughout
the twenty-four hours of the day during the summer, if an occasional slowing down
due to abnormal conditions is ignored. The activities of species in other niches are,
however, largely governed by the temperature fluctuations. This applies particularly
to the activities of insects above ground, like foraging, hunting, crawling, flight,
mating, etc. The adults of most typically endogeous species come to the surface of the
ground for brief intervals at some time or the other, depending on the temperature
of the layer of air within 15 cm immediately above the surface of the ground.
Variations of wind velocities and the intensity of sunlight also greatly modify these
normal activities. Both strong winds and high intensity of light act as powerful
deterrents in many cases and force the insects to remain underground. The insects
that are capable of flight remain obstinately close to the ground and take to wings
only in the absence of wind and also under definite conditions of atmospheric
temperature.

Although some species of Dermaptera like Anechura sSCUDDER, some Carabidae,
Tenebrionidae, Thysanura and Collembola, a few Diptera and most Trichoptera
remain concealed in their niches or shelters the whole day long and come out in the
open only late in the evening, diurnal habits are the rule among the high altitude
insects. Nocturnal species may sometimes be found about the trecline on some
mountains, but as the elevation increases, they are completely replaced by strictly
diurnal forms. Even the predominantly nocturnal or crepuscular groups like moths
are either sparse at high altitudes or they have become completely diurnal (730, 967).

The appearance of even the apterous and the flightless insects on the open surface
of the ground occurs only after the ground has been warmed by insolation, depending
once again on wind and other atmospheric conditions being otherwise favourable.
Like the winged insects, these also absorb the warmth that is radiated away from the
ground or from the direct sunshine during the daytime. We have already referred
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to the peculiar habits of Diptera, especially the high altitude Anthdmyiidae from the
Himalaya and the Alps, resting on the warm rock surface and absorbing the warmth
during a cloudy interval. Collembola, grasshoppers, bugs, beetles, butterflies and
flies thus absorb the warmth in the morning hours before becoming active. During
the hours of intensive sunshine of midday, most planticole species disappear from
the surface view. These peculiarities depend largely on the moisture requirements of
the terricole species. In humid weather, the top layer of the soil is usually highly
saturated and moist, so that the terricole species generally occur on the upper layers
of the soil. In case of prolonged drought or scanty snowfall, however, the upper
layer of the soil is dry and the terricole species migrate with the disappearing moisture
and go deeper into the more humid rock crevices and other similar sheltered
situations. The diurnal wanderings of the high altitude terricole species from the
upper to the deeper layers occur in fine weather during the summer on all important
mountains like the Himalaya and the Alps. During the morning, about 9-10 hours,
the upper layers of the soil have perhaps the richest terricole insect life. As the sun
begins to shine and as the upper layers become further warmed and start to lose the
moisture, the terricole forms now leave the upper layers and go deeper. They

return to the surface layers about 16-17 hours in the evening. These diurnal move-

ments are generally less pronounced at the snow-edge. During cloudy weather the

terricole species remain completely concealed. The diurnal movements are not

observed in the terricole species within the forest zone, so that these movements

must be considered as part of the high altitude specialization.

The observations on the general activities of the high altitude insects of the
Himalaya, at clevations between 3500 and 4000 m during June are of particular
interest. In the vast majority of these insects, surface activities are initiated only after
the ground has been sufficiently warmed by the action of insolation (fig. 22). On
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Fig. 22. The diel periodicity on the above-ground activities of adults of the high

altitude Ephemerida, Hymenoptera, Lepidoptera and Diptera, at clevations between

3500 and 4000 m, on the Northwest Himalaya, measured in terms of the percentage
frequency of the adults observed on wings from sunrise to sunset in June.
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bright sunny days, with little or no wind, the surface activities, particularly on the
wing, begin with many species about two hours after sunrise, by which time the
intense insolation causes an appreciable rise of the ground temperature and also a rise
of the temperature of the layer of air immediately above the warm ground, often to
about 16° C. As the morning advances and with the further rise in temperature of the
air above the ground to nearly 20° C or more, most activities of insects begin to
diminish to a considerable degree, until a minimum is reached near about 14 hours.
With the fall of temperature in the later afternoon, there is a partial resumption of
activity, but never equal to that of the forenoon. There is an abrupt cessation of all
surface activities at sunset. Many Diptera like Syrphidae, Anthomyiidae, Sarco-
phagidae, Tachinidae, terrestrial Chironomidae, Simuliidae, some Tipulidae,
Hymenoptera, etc. show the peak of their above-ground activities between 9 and 11
hours and then disappear for the rest of the day to their nocturnal shelters under
stones, underground or in rock crevices. Very few species active during the forenoon
reappear in the afternoon. The observations of swan (1021) on Mt. Makalu in the
Nepal Himalaya (fig. 23) show the close correlation of insect activity and tempera-
ture changes during the day.
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Fig. 23. The correlation between the mean atmospheric temperature and the above-
ground activities of high altitude insects, from sunrise to sunset, on Mt. Makalu in
the Nepal Himalaya (Modified from swaN).

KEISER (612) found similar conditions regarding the times of appearance of the
high-alpine zone Diptera on the Swiss National Park, with special reference to the
temperature and other atmospheric conditions. The high-alpine zone Diptera from
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the Alps are only very slightly active during the first hour of sunshine, when the
air temperature is between 3.5° C and 16.5° C, but begin to show high activity
after the second hour, when the air temperature above the ground has reached
between 22° C and 25° C. (fig. 24). Further rise in the air temperature to 30° C was
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Fig. 24. The correlation between temperature and above-ground activities of insects
at an elevation of 2050 m on the Grimmels Alps, in July 1945. The graph shows the air

temperature and the histograms the insect activity from sunrise (SR) to sunset (SS)(modi-
fied from KEISER).

followed by minimum activity. Maximum aerial activity occurs between 8 and 11
hours. Continuous and strong winds cause a sharp break in the temperature-humidity
conditions and are associated with cessation of all activities of insects on the surface
of the ground. It is not simply the sunrise that is important, because sunrise behind
clouds does not bring out the insects. Different groups of high altitude insects,
belonging to different environmental niches, naturally behave differently in this
connection. The period of activity of the high altitude Lepidoptera is perhaps longer
than that of Diptera and extends from about 9 hours to nearly 16 or even 17 hours,
although the peak hour of their flight is between 11 and 14 hours. A somewhat
similar behaviour is reported by swan (1020) in the case of the high altitude insects
from Mt. Orizaba in Mexico.

Reference should also be made to the interesting observations of renic (873,
875, 878) on the activities of Bombidae from the Pamirs Region. The flight seasons
of Bombus LATR. on the Pamirs reveal remarkable specializations. The mature females
fly from the end of June to the end of August, the workers appear from the end of
July to September, the drones from early August to September and the young
females about the middle of August. In each case, the total period of flight is shorter
on the Pamirs than on the Alps, where on an average the bumblebees remain on
wings from May to the end of October. On the Alai the period is reduced to one
month. Itis not only the length of the summer, but also the possible flight period
during the day is an important factor that governs the flight of these bees on the
high mountains and on the high steppes. In Novaya Zemlya, Bombus hyperboreus
SCHONH., B. balteatus DAHLB., B. kirbiellus curTis and B. lapponicus FABR. are on their
wings at atmospheric temperatures between 4.5° and 10° C and B. melanurus griseo-
fasciatus REIN. and B. separandus voct fly on the Pamirs practically under similar
conditions of atmospheric temperatures. Even with a light snowfall at an elevation
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of 4000 m, B. separandus vocr disappears from flight. The most favourable hours
for gathering pollen by the bumblebees in the elevated regions appear to be 10-12
hours and the stronger insolation after 12 hours seems to be unfavourable. The cold
wind that regularly starts at about 2-30 p.m. on the Pamirs, naturally puts an end to
flight not only of Bombus spp. but of all other insects also. The atmospheric tempera-
ture at a height of 1.5 m above the ground rises to 12-13° C at midday, but in the
afternoon sinks rapidly with the starting of the wind, at an elevation of 4000 m. As
the wind velocities reach § or more metres per second at about 17 hours, the atmos-
pheric temperature is only a little above the freezing-point and sinks below this
limit soon after sunset*.

The specializations in the food habits of the high altitude insects are largely
correlated with the severe restriction and irregularity of the feeding periods, the pecu-
liarities of the vegetation and other conditions. Although the sparse and specialized
vegetation, growing up to the highest elevations of existence of insect life, constitutes
the ultimate foundation on which the entire high altitude insect life rests, it is
remarkable that only a relatively small proportion of the species are phytophagous at
higher elevations. No more than 3% of the total high altitude insects of the North-
west Himalaya are, for example, phytophagous. The rest of the species are either
feeders on diverse organic debris or they are carrion feeders, scavengers or active
predators. In addition to a great preponderance of the carrion feeding or the active
predacious types like Carabidae, Staphylinidae or Diptera, there is also a correspond-
ing scarcity of the strictly phytophagous groups like Orthoptera, Chrysomelidae,
Curculionidae, etc. Though some phytophagous insects depend on the algae, moss,
lichen and Phanerogams that grow at elevations above 6000 m on the Himalaya, the
phytophagous habit becomes progressively scarce as the elevation increases, until
there is almost total dominance of the other feeding habits. Phytophagous species
are fairly common, but by no means dominant even on alpine meadows at lower
elevations, with relatively abundant soil and lush green grass and other matted
plants. It is here that we find grasshoppers, caterpillars of high altitude butterflies,
some Heteroptera and a few Coleoptera that feed on the roots or leaves of plants.
The aquatic forms like the larvae of Ephemerida feed on the algal slime on the sub-
merged stones. Some Staphylinidae and Collembola are known to feed on moss and
the caterpillars of one or two typically high altitude butterflies feed on lichens.
Wind-blown pollen grains and the spores of fungi constitute the food of numerous
species of Collembola. Immediately above the forest-line, almost half the species of
high altitude insects are ordinarily phytophagous. At elevations above 4000 m and
particularly near the permanent snowline on the Himalaya, hardly 10% of the
species are phytophagous. In marked contrast, there is a great abundance of debris
feeders, carrion feeders and predators. Though no strict altitudinal zonation of the
food habits exists, the increasing dominance of the habit of debris-feeding, carrion-

* The recent observations of SYCHEVSKAYA & SHAIDUROV (SYCHEVSKAYA, V.I. & V. S.
SHAIDUROV, 1965. O temperature tela nekotoriikh synanthropniikh mukh na vostachnom
Pamire. Zoologicheskii Zhurnal, Akad. Nauk USSR, 44: 779-783), at an elevation of
3860 m above mean sea-level on the East Pamir, show that the body temperature of
the flies Phormia terrae-novae R.D. and Calliphora uralensis VILL. rise to 32-37° C, thus
exceeding the ambient temperature by 11-22° C, under the insolation at a rate of 1660
cal/cc/min. The maximal activity of these flies coincides with the hours of maximal
insolation.
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feeding and predation, in sharp contrast to the conditions that prevail in the lowland
biota, is without doubt part of the high altitude specialization.

Regardless of the nature of food, an important peculiarity of the food habits of the
high altitude insects is correlated to the profound influence of the winter snow-cover.
In the first place, as already pointed out, feeding is possible only after the winter
snow has melted and the melt-water has irrigated the ground and has thus initiated
the germination and growth of vegetation. As long as the snow persists, the warmth
from the summer insolation disappears completely as latent heat of ice and snow and
it is therefore only after the melting of the snow is complete that insolation can
reawaken the hibernating insects to the active life of the summer. Secondly, nearly
all the high altitude insects depend to an astonishing degree upon the snow itself
for an abundant and varied source of food.

No matter whether an insect is phytophagous or feeds on pollen grains and spores,
seeks after organic debris in various stages of decay, or is a carrion feeder or even an
active predator, all species have developed the unique habit of utilizing the open
surface of the snow and glaciers as the principal foraging ground. On the Himalaya,
for example, the snow surface is indeed almost exclusive feeding ground at elevations
of s000 m and above*. Vast numbers of Collembola, Dermaptera, Carabidae,
Staphylinidae, Hymenoptera, Brachycera-Diptera and even certain Lycaenidae come
to the snowfields for feeding on the wind-blown derelicts, frozen and well preserved
in or on snow and ice. There is indeed an almost inexhaustible source of such
accumulations inside even a moderately large snowfield or glacier. Truly immense
quantities of pollen grains of many different plants, spores of fungi and of Protozoa,
seeds of a great variety of plants, flies, gnats, midges, aphids, winged ants, jassids,
grasshoppers, all sorts of moths and butterflies and nearly every conceivable group
of winged and apterous insects, spiders, etc. brought by the upper air currents, are
frozen and entombed in the snow and glacier-ice. Surprisingly large numbers of
Collembola feed on the pollen grains of juniper and other high altitude plants,
scattered on the snow surface. Diverse other high altitude insects gorge themselves
with the soft morsels of food, refrigerated in the snow. Numerous beetles like
Nebria LATR., Bembidion LATR. and Atheta THOMS. may be seen in fine weather to
dart from their shelters on the snow-field to bite off morsels of food from the dead
bodies strewn on it, either to devour the morsels on the spot or to carry them away
to their shelters to be eaten at leisure. A number of Diptera-Brachycera like Asilidae,
Sarcophagidae, etc. swarm on the derelicts on snow, sucking the juices from the
softened dead bodies. Other species of Bembidion LATR., Nebria LATR. and other

*The snow biocoenose of algae and other micro-organisms should not also be over-
looked in this connection. The well known red-snow supports, for example, Volvo-
cale-type of Chlamydomonas nivalis wiLLE and Chlamydomonas ohioensis KERR., the Chlo-
rococcale-type of Scotiella nivalis california Xov, Trochiscia americana KOL, etc. The green-
snow derives its colour from the immense numbers of Chlamydomonas yellowstonensis
KOL, with Scotiella polyptera FRITSCH, Mycacanthococcus antarctica WILLE, Pleurococcus vul-
garis cohaerens WITTR., Romeria elegans nivicola XOL, Sorochloria aggregata cryophila KoL,
Scotiella nivalis (CHOD.) FRITSCH, Raphidonema tatrae yellowstonensis KOL, etc. The yellow-
snow, at the snow-edge, is due to the presence of iron bacteria Siderocarpus coronata
RED., and Leptothrix ochracea xG. The reader will find an interesting account of these and
other cryobiocoenoses on the Rocky Mountains in a recent contribution of KOL (KOL, E.
1964. Cryobiological research in the Rocky Mountains. Arch. Hydrobiol., 60: 278-285).
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Carabidae and Staphylinidae like Aleochara Grav., spiders, etc. utilize the snow-field
as an ideal hunting ground, to capture the large numbers of other high altitude
insects that come there for foraging. The peregrinations of such hunters and predators
often extend to long distances on the snow-fields and glacier surfaces. Thereare
numerous scattered references in the literature to the habits of hunting on snow-
fields on the Alps, on Fennoscandian mountains and on the high mountains of
North America (600, 1078).

The high altitude insects not only utilize the open surface of the winter snow and
the glacier-ice, but a large number of them and indeed the greatest majority of them
on most high mountains, congregate at the edge of the receding winter snow and
at the edge of the glacier and glacier snout and feed on various dead organisms,
entombed in the snow and ice, as they come to be exposed with the melting of the
snow during the summer. Collembola are of course the first to appear at the snow-
edge and to swarm around in millions on every bit of dead and softened animals,
as it falls free from inside the snow. Many species of Carabidae, including often some
Bembidion LATR. and Nebria LATR., nearly all Staphylinidae, Tenebrionidae and diverse
other carnivorous and debris-feeding Diptera thus come to the snow-edge for
foraging not only on the food that is being uncovered from within and from under
the winter snow-cover, but also to capture the other insects that have come to feed
on the entombed material. We find at the snow-edge every class of feeder. The
material that comes to be uncovered at the snow-edge or glacier snout is sometimes
decades or even hundreds of years old and represents stratified layers of all sorts of
dead insects, accumulated in the past. As the melting progresses at the snout and
feeds the torrential streams, the melt-water carries with it the entombed debris and
provides rich food for the larvae of Trichoptera and some aquatic Diptera of these
streams. The ability to utilize the snow and glacier as a storehouse of food is one of
the most important high altitude specializations among insects.

8. HIBERNATION AND LIFE-CYCLE

Prolonged hibernation under snow-cover and correspondingly short period of
rapid development during the brief and flecting summer are characteristic speciali-
zations of the high altitude insects of most mountains, particularly in the northern
hemisphere. On the equatorial mountains and on the south temperate zone moun-
tains, even at extreme elevations, the characteristic diurnal climate of the former and
“the nearly isothermal climate of the latter are closely correlated with the absence of a
definite single cold-hardy hibernating stage in the life-cycle. In such cases, all the
developmental stages of the high altitude insects have nearly equal capacity for
remaining dormant during the night, with its daily frost even during the summer.
In other cases, however, hibernation is always restricted to the winter and all active
development and metamorphosis to the summer. While some high altitude insects
like Orthoptera hibernate as eggs, others hibernate as last-stage larvae or as pupae and
sometimes even as adults. Hibernation takes place always in ground that receives
adequate snowfall during the winter. As pointed out carlier, the soil under snow-
cover is not frozen during the winter, although the atmospheric temperature may
drop to —45° C. The presence of a heavy snow-cover thus ensures optimal conditions
for the hibernation of high altitude insects. It is not merely the successful initiation and
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completion and break of hibernation, but also the entire course of active development
during the succeeding summer is very profoundly influenced by the extent and depth
of the winter snowfall. Regardless of other conditions, the velocity of development
of insects during the summer at high altitudes, the nature and abundance of the
resulting individuals, the number of generations, the chances of any given species
appearing as adults in a locality and indeed the whole course of the life~cycle of the
high altitude insects depend on the snow-cover in the previous winter. Scanty
snowfall in winter results in suboptimal conditions during the succeeding summer
for nearly all species.

It must be observed that the beginning of summer does not at once mark the end
of hibernation. Hibernation continues as long as the winter snow-cover persists and
is only broken after the snow has melted and the melt-water has soaked through
into the insect shelters. As mentioned above, as long as the snow-cover lasts, inso-
lation does not bring about any rise in the soil temperature, so that'it is only after the
snow-cover has disappeared that the soil temperature rises and actsas a favourable
factor for the active phase of development of the high altitude insects. The melt-
water also seems to act in some unexplained manner as a sort of chemical or physio-
logical trigger that breaks the dormant spell of the insects, which by now are physio-
logically in a state of readiness to return to active life. As soon as the snow-cover
disappears, we find, therefore, every species rushing through its development,
growth and metamorphosis. The release from under the winter snow-cover is
thus followed by an extremely remarkable sudden acceleration of metabolism,
development, growth and metamorphosis. The acceleration of development is
closely correlated with the earlier exposure to sub-zero temperatures during the
winter and the relatively warmer conditions during the summer. The stimulating
effects of such alternating conditions of temperatures on insects are well known
even at sea-level (137, 205, 399, 1083).

The velocity of development increases markedly with the advance of summer,
so that the later stages in the Jife-cycle of a species succeed each other more quickly
than the earlier ones. Regardless of the species and most other environmental
conditions, there is a conspicuous gradient of developmental velocity and insect
activity from the snow-edge. The life-cycle marches with maximum speed in all
species in the immediate vicinity of the snow-edge and diminishes with increasing
distance. On the ground moistened and enriched by the melt-water immediately
below the edge of the receding winter snow, the hibernating insects burst forth into
active life, the life-cycles march forward with a sudden bound, rapidly attain their
peaks and slow down before the snow-edge has receded very high (fig. 25). In a
narrow belt of the ground, freshly exposed from under the snow-cover, there spring
forth, within a few days, dense carpets of low-matted vegetation, insects emerge,
larvae feed, undergo metamorphosis and adults emerge. In the rapidly drying belt
of ground further below, at a greater distance from the snow-edge, and uncovered
earlier from under the snow, the activities and the abundance of the insects too, are
already diminishing; most species have indeed moved up with the snow-edge.
Still further away from the snow-edge, in the ground exposed in spring and early
summer, the activities are nearly ended and most of the insects are already in the stage
that is destined to hibernate under snow during the next winter.

Although the high altitude environment favours univoltine species, there are
also some bivoltine forms. Species which need more than one year to complete a
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Fig. 25. The gradient of developmental velocities and intensities of total activity of
the high altitude insects, from the snow-edge, on the south slope of the Northwest
Himalaya.

single generation also appear to be favoured at high altitudes. The reduction in the
number of generations with the increase in elevation is often obvious. Species like
Papilio machaon asiatica (MEN.) from the Northwest Himalaya are double-brooded at
elevations of about 3000 m, but are only single-brooded at about 4300 m above
mean sca-level.

The life-cycles are nearly always short and completed within one year and in such
cases the hibernation takes place in the same stage year after year. The adults appear
approximately about the same time during the spring-summer. In other cases,
especially in Ephemerida, Plecoptera and many Carabidae, the life-cycles are rather
prolonged over perhaps two or even three years. The larval stage is, therefore,
prolonged and hibernation takes place in this stage in one year and perhaps in the
pupal stage in the next year and the adults appear in spring during the third year.
Small-sized larvae are not always, therefore, indicative of a new or a young genera-
tion; some of them may actually be one or two years old. Owing to the differences
in the hibernating stage and other conditions, the adults of different species emerge
at different times during spring-summer. The Collembola are perhaps among the
first to appear even before the winter is properly over. The Dermaptera, most Heter-
opteraand many Coleoptera and Lepidoptera appear as adults in early summer. In the
case of many Diptera and Lepidoptera the adults appear only in mid summer. Among
those species in which the adults appear in late summer are Orthoptera, most Heter-
optera, some Diptera and some Coleoptera.

C rtain peculiarities in the sex ratio of the high altitude insects seem to be corre-
late - with the high altitude environment on the Himalaya. In many multivoltine
Diptera a remarkable shifting of the sex ratio has been observed in successive gene-
rations. The spring or the early summer generations are mostly characterized by a
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marked preponderance of females, but in the mid summer the sexes largely tend to
become approximately equally abundant. In some cases there is often a slight rise in
the proportion of females in the last generation in late summer or early autumn
(fig. 26). In the case of some univoltine species that extend from the treeline to an
elevation of about 4500 m on the Northwest Himalaya, the sexes are approximately
equally abundant near the treeline, but show a tendency for preponderance of females
at an elevation of about 4000 m. The observations of REINIG (878) on the Pamirs
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Fig. 26. The fluctuations of sex-ratio in the high altitude Diptera on the Northwest
Himalaya, from spring to late summer.

Region are of particular interest in this connection. He found a conspicuous sparse-
ness of the workers of Bombus spp., with increase in elevation from 3800 to 4050 m.
Similar conditions have also been described in the case of arctic B. hyperboreus
SCHONH., B. balteatus DAHLB. and the subarctic B. lucorum (LINN.) from Lappland.



CHAPTER 1V

ECOLOGICAL INTERRELATIONS AT HIGH ALTITUDES
AND HIGH ALTITUDE INSECT COMMUNITIES

While it is not possible here to deal with all the complex ecological interrelations
and the communities of high altitude insects, we may, however, draw particular
attention to the more important interrelations and the major types of communities
and emphasize the fundamental differences between the high altitude and lowland
biota.

Regardless of the spatial, geographical and genetic isolations, ecologically con-
sidered, every species of the high altitude biota is bound up either directly or in-
directly with every other species of insects, other animals and plants. The ecoldgical
interrelations of the species are essentially ecological interdependence of the species
and are intraspecific or also interspecific. The latter forms the basis for the community
concept. Most of the interrelations may be eventually traced back to the food
requirements of the species, but owing to the special environmental condirions
prevailing on high mountains, the requirements for shelter from the extreme
conditiors very profoundly modify most basic patterns of ecological interrelations,
with which we are generally familiar in the plains. Irrespective of the nature of the
interrelation and the number and taxonomic affinities of the species involved, the
characteristic environmental conditions above the forest-line on mountains and the
high ecological specializations of the high altitude insects constitute the ultimate
basis for the ecological interrelations of the high altitude biota. The complex threads
that bind these insects with each other and with other organisms in a great variety
of ways are primarily their urge to seek optimal conditions in the microclimatic
niches. The ecological interrelations are, therefore, determined in the high altitude
biota by a wholly different set of factors and have also a fundamentally different
significance from those prevailing within the forest and the prairie. We do not find
single and isolated relations or even a simple succession of one relation after another,
but a simultaneous operation of many different types of interrelations to produce a
complex pattern of ecological interdependence. Just as the member species of a
community are linked together by complex interrelations, the different communities
are also ecologically interdependent. The ecological interrelations are in no case
rigidly fixed, but shift in their respective importance and also undergo various
other changes from time to time, depending upon elevation and the nature and mag-
nitude of the changes in the ecosystems. The ecological interrelations considered
here are i. the interrelations of the high altitude, the montane forest and the lowland
biota and ii. the interrelations within the high altitude biota.

I. INTERRELATIONS OF THE HIGH ALTITUDE,
THE MONTANE FOREST AND THE LOWLAND BIOTA

Despite the great fundamental differences in the environmental conditions, the
ecological specializations, composition, organization, spatial and genetic isolations,
a remarkably complex ecological interrelationship links together the high altitude
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biota, the montane forest biota and the lowland biota of the region in which the
mountain is situated. Precisely as in the case of the member species of a high altitude
insect community and among the different high altitude communities, an extra-
ordinarily high degree of ecological interdependence may be observed between
the high altitude mountain-biota as a whole and the biota of the mountain forest-
zone or of the surrounding lowlands. Of the various complex threads in this inter-
relation, we may indicate only two of the more outstanding ones here.

Reference has already been made in the foregoing chapter to the passive transport
of inorganic and organic dusts by air currents from the forest and from the lowlands
and to the ecological importance of the wind-blown derelicts at high altitudes. A
considerable amount of organic debris from the high altitudes on mountains is also
carried down by the melt-water torrents to the plains, thus providing for a constant
circulation of matter between the elevated regions above the forest-line and the
surrounding plains. We may now refer to another remarkable intet-relation between
the high altitude and the lowland biota. Some insects of the forest-zone on the
mountain slopes and often even from the surrounding lowlands exhibit an enigmatic
behaviour of actively secking the summits of high mountains, above the forest-line
and sometimes even above the permanent snowline, regularly at certain times of the
year. The habit of summit-seeking has been observed in many different groups of
winged insects like Formicoidea, Coccinellidae, etc. from different parts of the world.
Although a number of possible explanations regarding this unique behaviour have
been put forward by different workers, we are still largely ignorant about the
underlying factors and precise significance of these movements to the species (202,
203, 204, 274, 545, 595, 600, 843, 997, 1078). The most important fact to be re-
membered in this connection is that, unlike in the case of the wind-blown derelicts
on snow-fields, the summit-haunting insects are not dead and frozen and are perhaps
also not all passively transported by wind throughout. Though favourable air
currents may without doubt assist the active flight of the summit-seeking insects,
they are not, however, completely dependent on air currents also; the summit-
secking seems to be a deliberate and active movement on the part of the insect.
Enormous swarms of the adults of various winged insects from the valleys and from
the forest-zone on the mountains and also from the far-off plains, rise up, even where
there seems to be no updraft air current, and have indeed been observed to move
against the prevailing wind at lower elevations, in the direction of high mountain
summits. In swarming on the summits of high mountains, the insects seem to show
amore or less decided and so far unexplained preference for some mountain peak
or ridge over numerous others, often quite closeby and apparently equally or
perhaps even more readily accessible. The summit-seeking insects are essentially
not habitual residents of the mountain summits and mountain slopes, but are only
more or less regular visitors from the biota at lower elevations. On arriving at the
summits of the mountains, they assemble in enormous numbers under some suitable
shelter. When thus assembled en masse on the mountain summits, they neither feed
nor breed. Colias euxanthe FeLD., found on snow-fields on the Andes, is reported,
for example, to actively rise to the high elevations from the lower zones.

Although the summit-secking and the mass assemblages of diverse insects on high
mountain tops have been known since long, the behaviour of certain Coccinellidae
is remarkable in many respects. During autumn great swarms of Coccinellidae like
Coccirella septemipunctata LINN., Adonia variegata GOEZE, Hippodamia spp., etc. move up



Ecological interrelations 77

the mountains from the lower forests and valleys. They often cover great distances
and ascend to elevations of 4500 m on the Himalaya, crossing some high passes,
before finally assembling in enormous numbers under some sheltered stone ledge,
boulder or snow. Some of these mass assemblages contain from 5000 to 9ooo indi-
viduals per square metre. Covered by heavy snowfall during the winter, they remain
protected often under 10-29 m thick snow-cover throughout the winter. With the
melting of the winter snow in summer, many of the dormant individuals revive and
move down back to the valleys below for breeding. Enormous numbers of beetles
in the mass assemblage, however, perish and the dead beetles can usually be found
in all stages of disintegration during the height of summer on the Himalaya. As
successive swarms assemble in the same area year after year, we often find con-
siderable accumulations of the dead and frozen beetles from the swarms of the
earlier years. Coccinella septempunctata LINN. is not in reality a member of the high
altitude insect community of the Himalaya, but mass assemblages have been found
up to elevations of 4200 m (730). MANI (730) has given an interesting account of one
such mass assemblage of Coccinella septempunctata LINN., in association with Hippo-
damia spp., on a sheltered snow-field at an elevation of about 4260 m, near the
Lakha Pass on the south slope of the Dhauladhar Range of the Northwest Himalaya,
in the middle of May 1953. This assemblage had about two million individuals and
is perhaps the largest and the highest mass assemblage of any Coccinellid so far des-
cribed from the world.

Mass assemblages of Coccinellidae near the summits of high mountains have been
described from other parts of the world also, particularly Europe, Middle Asia and
North America (482, 545, 549). DOBZHANSKY (268) has reviewed the earlier records
and has also given an account of his observations on the mass assemblage of Hippo-
damia MULs. in autumn in the valleys and on mountain summits. According to him,
Coccinellidae have two generations in southern USSR and it is only the individuals
of the second generation which assemble en masse. He found mixed mass assemblages
of Hippodamia heydeni wes., Semiadalia 11-notata SCH., Brumus octosignatus GEBL.,
Coccinella sinuatomarginata ¥ALL., Adonia variegata GOEzE and Platynaspis luteorubra
coEze on the mountains of Ferghana in Turkestan (Uzbek SSR), at an elevation of
about 1500 m. Within an area of about 0.9 m2, there were over 6000 individuals of
these beetles. Most of them were motionless and if disturbed, they stirred a little and
settled down again. None of them attempted to fly. He also found assemblages of
Coccinellidae on the Sjuru-tjube Mountains. The mass assemblages were always
found under stones and well protected from winds on projecting and prominent
peaks, summits, ridges, etc. In one locality he found over 30 ooo individuals in an
arca of a single square metre. Gigantic mass assemblages of Hippodamia heydeni wes.
were found inside rock crevices at an elevation of 3200 m on the Kugar Pass near
Aubeck-tau Peak (3500 m above mean sea-level). There were also mass assemblages
of Hippodamia rickersi wes. The North American H. convergens GUER. assembles under
stones covered by snow within the forest-zone on mountains, but the Middle
Asiatic Hippodamia spp. ascend not only above the forest-line but also far above the
permanent snowline in order to assemble en masse and be well protected from winds
when over-wintering under snow-cover. In a recent paper, EDWARDS (300) has drawn
attention to a number of interesting problems connected with the behaviour of mass
assemblages of insects on high mountains. He found large accumulations of Hippo-
damia oregonensis cr., H. s-signata BBY. and Coccinella nivicola monticola MULS. on snow
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of the Pinnacle Peak, on the south side of Mt. Rainier in North'America. He has
also described the mass assemblages on the Allan Mountains in Montana. In some
localities, he found large accumulations of the dead beetles, belonging to the mass
assemblages of earlier years. The number of individuals in any of these mass assem-
blages is usually between 30 000 and 70 oco.

The underlying factors and the biological and ecological significance of the habit
to the summit-secking species are completely unknown at present, but there seems
to be little doubt about the importance of the habit from the point of view of the
ecological interrelations at high altitudes. Although the summit-seeking Coccinelli-
dae and other insects in the mass assemblages do not themselves feed when on the
mountains, they nevertheless provide an abundant and readily accessible source of
rich and concentrated food during the summer for the high altitude insects. Even
insectivorous birds and the mountain bears regularly feed on the dead and living
insects in these accumulations. CHAPMAN et al. (204) have described the remarkable
habit of the grizzly-bear feeding on the ladybird beetles and on the army cutworm
moth Agrotis oL.in the mass assemblages on the summits of high mountains in
Montana. The accumulations of the dead ladybird beetles provide the basis for the
colonization of necrophagous Collembola, Staphylinidae, Tenebrionidae, Diptera,
Acarina, etc. It is, therefore, interesting to note that, in addition to the air-lift of
refrigerated food particles from the lowlands, the high altitude or the hypsobiont
insects depend also on the summit-seeking or hypsophile insects of the lowland
biota for their food.

2. INTERRELATIONS WITHIN THE HIGH ALTITUDE BIOTA

The ecological interrelations within the high altitude biota are of three major
categories, viz. i. the interrelations of the insects and the plants of the high altitude
environment, ii. interspecific interrelations of the high altitude insects and iii. the
interrelations of insects and other animals of the high altitude environment.

The primary basis of the interrelations of high altitude plants and insects is, in the
final analysis, trophic as is the case even within the forest-zone on the mountains or
in the plains. Depending upon this relation, the high altitude insects are of two
ecological types, viz. the lichen-moss feeders and the Phanerogam feeders. There are
then the types that are only indirectly dependent on the high altitude vegetation for
their food.

Pioncer vegetation like algae, lichen and moss on the rock surface among snow
and ice, often far above the permanent snowline, provides optimal conditions for
characteristically pioneer insect types like Collembola and Diptera. Even the cater-
pillars of some remarkable Lepidoptera thrive on the sparse lichen incrustations on
rock at very high elevations on the Alps and the Himalaya. The pioneer association
insects attract, in their turn, predatory and parasitic Acarina and are also soon follow-
ed by a great variety of other types, including large numbers of carnivorous and
predaceous species and detritus feeders. These interrelations are dominant at the high
elevations on nearly all the high mountains, on which observations have so far been
made. In addition to this direct trophic basis, the incrustations of lichen and the
cushions of moss rapidly corrode the rock and thus favour the formation of sufficient
layers of soil, on which the colonization of Phanerogams and diverse high altitude
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insects, especially Coleoptera, becomes possible. The appearance of high altitude
Phanerogams naturally favours the provision of optimal conditions for a much
larger number and variety of high altitude insects and eventually leads to ecological
stability of the communities. As is well known, the ecological interrelations of
insects and lichen-moss vegetation are extremely unimportant even within the
forest-zone on mountains and more so on the plains.

Among the Phanerogam-feeders we may differentiate the polyphagous from the
oligophagous and monophagous types, but the great majority of the species are
dependent on Dicotyledons like Compositae, Leguminosae, Rosaceae, Cruciferae or
they are also largely dependent on Gramineae. The Gramineae are perhaps the most
dominant Phanerogams at higher elevations and the insects, the larvae of which feed
on diverse grasses, are, therefore, abundant over an extensive range of altitudes on
nearly all the mountains. Polyphagous species are common in the transitional zone
immediately above the forest, but become progressively scarce as the elevation
increases. Oligophagous types soon replace the polyphagous ones in the alpine and
in other parallel zones on different mountains. At extreme elevations, especially
above the permanent snowline, in the subnival and eunival zones and at higher
levels as high as the phytophagous species continue to occur, there is a complete
predominance of monophagous types. It may also be remarked here that the leaf-
feeding types are common at lower elevations, but it is the root-feeding geobiont
types that really predominate at higher elevations. At the base of the pyramid stand
the phytophagous types near sea-level, but at high altitudes this place is really
occupied by the detritus-feeders, so that the direct dependence of the high altitude
insects on the higher plants for food is only slight. Even this comparatively light
dependence diminishes with increase in altitude.

We may then consider the mutualistic relations of insects and plants involved in
the cross-pollination of flowers by insects (630). In the forest and in the lowland
environment, bees, especially the honeybees, represent perhaps the dominant
flower pollinators and other insects like Lepidoptera and Diptera are on the whole of
only secondary importance. Both within the forest-zone on mountains and in the
plains, we find a great abundance of more or less strongly scented and white-
coloured flowers that often open late in the evening or also at night and are cross-
pollinated by diverse crepuscular or night-flying insects, particularly moths.

The situation is, however, fundamentally different at high altitudes above the
forest on mountains. We have already emphasized the fact that an extremely small
proportion of the high altitude insects is active on wings, only during the hours of
bright sunshine and only when there is a lull in the fierce wind. Insects do not fly at
night even on the equatorial mountains. Even the species that belong to groups,
which are typically crepuscular or nocturnal in the forest, are exclusively diurnal at
high elevations. In close correlation with these facts, all plants at elevations above
the forest-line on mountains bloom only during the daytime, particularly only in the
hours of bright sunshine. The flowers of these high altitude plants are gorgeously
coloured yellow, orange, red, pink, etc. and only rarely blue, white or violet and
are mostly massed together in an extraordinary manner, so as to produce marvellous
colour effects on the ground, conspicuous even from a distance. In an environment
where all the insects are active only during the daytime, white and strongly scented
night-flowering plants would be meaningless from the point of cross-pollination by
insects.
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As we shall see in the next chapter, the honeybees are totally absent at very high
elevations above the forest-line and even the nectar-sucking or the predominantly
pollen-gathering semi-social or solitary bees are also extremely scarce and are gener-
ally restricted to elevations immediately above the forest-line. The Bombidae are
perhaps the only bees that may be found at high altitudes, but they are exclusively
day-fliers and are guided, in pollen gathering, by the gorgeous colours of the flowers
rather than by their scent in a wind-blown environment. Cross-pollination of
flowers by bees and bee-pollinated flowers are, for example, practically absent even
immediately above the forest-line on the Himalaya and are wholly unknown at
elevations of over 4000 m. We find, in their place, a characteristic increase in the
dominance of flowers cross-pollinated by Lepidoptera and Diptera. The principal
cross-pollinators of the high altitude Phanerogams are Lepidoptera like Papilio
LINN., Argynnis FABR., Colias FABR., Parnassius LATR., Pieris SCHR., etc., Brachycera-
Diptera like Stratiomyiidae, Empididae, Dolichopodidae, Asilidae (males), Syrphi-
dae, Anthomyiidae, Sarcophagidae, Tachinidae, etc. Furthermore, insect-pollinated
flowers occupy a minor place in comparison to the flowers pollinated by wind at
high altitudes. The reader will also find the observations on the cross-pollination
of flowers by insects on the Alps by MULLER (785) interesting in this connection.

The interspecific interdependence of insects and other animals seems to be far
more intense at high altitudes than in the plains or even within the forest-zone on
mountains. This is obviously correlated with the relatively extreme nature of the
abiotic environment at high altitudes. In marked contrast to the forest and the low-
lands, the ecological interrelations with animals, including other species of insects,
in the high altitude biota, are characterized by the very pronounced dominance of
predatism and parasitism. There is in nearly every group of the high altitude insects
a conspicuous dominance of predators and parasites. In any forest or typically
lowland community, the predators and parasites are by no means the dominant
members, but this is likely to be so in the high altitude insect community. Predators
are also more abundant than true entomophagous parasites. We may consider here,
by way of example, a subnival-nival zone community from the Alps. The Nebria
atrata-Gnophos caelibarius community is remarkable for the fact that nearly 60% of
its character species and other associated species are either predators or they are
parasites. Similarly about 50% of the members of the Caeculus echinus-Chrysomela
crassicornis norica community of the subnival zone from the Alps (vide infra) are
predator-parasites. In some cases, every member of a high altitude insect community
may prove to be a parasite or a predator of some degree. We have, for example, at
the base of the pyramid of numbers a more or less omnivorous Collembolan that
tends to be as often predatory as it can, with a chain of other predators like Acarina,
Dipterous larvae, the larvae and adults of Carabidae and Staphylinidae, scorpions,
chelifers, centipedes and spiders. Such a community of species may be found ap-
parently in more or less complete harmony (?) under the same stone. In such a
community, it is often found that the Collembola depend for their food on the dead
bodies of nearly every other insect or arthropod and they may also attack some of
them alive if conditions are favourable. The Collembola are devoured by the
Diptera larvae and masses of dead Collembola provide rich organic debris for large
numbers of necrophagous Coleoptera, especially Staphylinidae. Acarina and Coleo-
ptera feed on the larvae of Diptera, the latter breed on live spiders and the spiders
suck the live flies dry! It would seem that almost every member of a high altitude
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community spends practically all its time devouring and predating on every other
member species.

Within the forest and on the lowlands, the more common predatory insects
belong to Odonata, Mantodea, Heteroptera, solitary and social wasps, many Neuro-
ptera and some Coleoptera. The principal predatory species in the high altitude
environment belong, however, to Dermaptera, Carabidae, Staphylinidae, Diptera,
Araneida, Acarina, Scorpionida, Chelonethida and Chilopoda—predominantly
terricole forms. The more important entomophagous parasites in the forest and
lowland biota belong, as is well known, to the Ichneumonoidea, Chalcidoidea,
Serphoidea, Bethyloidea and other parasitic Hymenoptera. These well known
groups are, however, quite unimportant at high altitudes and are progressively
replaced, with increase in elevation, by parasitic Diptera and Acarina. The absence
of predatory and parasitic Hymenoptera even at the timberline on the arctic hills in
Finnland has been reported by a number of observers (796). Acarina are indeed the
foremost entomophagous parasites at extreme altitudes on the Himalaya and
the Alps.

The predatism and parasitism by Acarina at high altitudes is associated with a
most remarkable phenomenon. Just as the Collembola stand at the base of the pyra~
mid of numbers in the organization of most high altitude insect communities, the
predatory-parasite Acarina occupy the topmost position in the pyramid. There is
indeed a most remarkable correlation between the fluctuations in the population
abundance of Collembola and Acarina in the high altitude communities. The
relative abundance of the predatory and parasitic Acarina in any high altitude
community is inversely proportional to that of Collembola (375, 564, 730). The
larger the numbers of Collembola, the smaller is the density of population of Acarina
in the community. The dominance of Collembola is indicative of the relative
immaturity of the community and the dominance of Acarina is characteristic of its
maturity. The reciprocal fluctuations of the abundance of Collembola and Acarina
represent an extremely important diagnostic character of most high altitude, par~
ticularly subnival and nival zone communities. JANETSCHEK (564) has, for example,
described increase in the abundance of Acarina with fall in the abundance of Collem-
bola on the Alps. The Collemhola-Acarina fluctuations are indirect measures of the
degree of soil maturity and the age of a biotope above the timberline on the Alps.
Climax communities or communities with the conditions approaching the climax
stage are indicated by the dominance of Acarina over Collembola.

The dominating urge to seek shelter from the extreme atmospheric conditions
brings together, under the same snow-covered stone or other similar microclimatic-
ally optimal niche, taxonomically wholly unrelated prey, predator, parasite, etc.,
not merely during hibernation but also in summer. Under the same stone we may
thus often find diverse Collembola, the larvae and adults of Coleoptera, Dermaptera,
fly maggots, spiders, mites, scorpions, chelifers and centipedes. It is only under the
stones that all of them find the absolutely minimal conditions, not merely for existence
but also for successful hibernation during the winter and reawakening in the summer.
We have here exactly the situation where several species are forced to live together
under one shelter, because of the specialized habitat conditions, in a state of what
may more appropriately be termed a sort of armed neutrality rather than peaceful
coexistence!
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3. HIGH ALTITUDE INSECT COMMUNITIES :

The high altitude insect communities differ from most insect communities of the
lowlands in a number of characters. In contrast to the lowland and forest communi-
ties, the high altitude insect communities are mostly composed of relatively
fewer species, perhaps no more than three or four, but are characterized by a great
abundance of individuals of these species. Owing to the generally extreme climatic
and other conditions of the high altitude environment, the threads that bind the
member species of a high altitude insect community are usually stronger and far
more tangled than in the forest or the lowland community. The interdependence of
the member species and the integration of the community as a whole are, therefore,
far more pronounced than at sea-level. A high degree of interspecific integration,
with the concomitant community independence and isolation, are generally peculiar
characters of most high altitude insect communities. Stratification within the high
altitude insect community involves phenomena, basically different from those
obtaining in the forest and lowland communities. The size, composition, abundance,
spacing, equilibrium and stability, the interrelations and succession of the insect
communities differ on different mountains and at different altitudes on the same
mountain. As the habitats vary with altitude, the ecosystems also differ. The commu-
nity regulatory mechanisms, which promote the community stability, are not the same
asinthe plainsand the relative importance of these mechanisms varies with altitude. The
communities become increasingly sparse and smaller in size as the altitude increases.
The spacing of the communities becomes more and more irregular and adjacent com-
munities are very greatly separated. With the increase in altitude, there is also a con-
spicuous shift in the dominance of the different communities. The dominance of the
vegetation-mats communities at elevations of about 3000 and 3500 m on the North-
west Himalaya gives place, for example, to the dominance of the hypolithic com-
munities at elevations above 4200 m. The general community stability tends to
diminish both above and below this elevation on the Himalaya. The maximum con-
centration of relatively stable communities of all types is generally found at an
elevation of about 4200 m on the Northwest Himalaya. The pioneer communities are
mostly aggregated immediately above the forest-line and also in the vicinity of the
permanent snowline on the Himalaya.

The characteristic altitudinal stratification of the species in all groups of high
altitude insects profoundly alters the qualitative composition of the high altitude
communities. While the different communities constitute a more or less interrelated
and interdependent mosaic at lower elevations, particularly within the forest zone,
isolation, irregular heaping and absence of randomness become more and more
pronounced above the forest-line. The high degree of community interdependence
that is readily apparent immediately above the forest, diminishes markedly at higher
elevations. The interspecific integration within the community is, however, relatively
more complete only at higher elevations. On mountains with a decided east-west
trend, especially in the northern hemisphere, the characters of the high altitude
insect communities are more or less markedly influenced by the differences in the
habitats on the south-north slopes. Such differences are readily observed on the Alps,
Caucasus and the Himalaya, particularly at medium elevations. On the Nortwest
Himalaya, for example, the differences due to the north-south slope exposures are
particularly marked at elevations of 3000-3500 m, but tend to be more or less
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obscured at elevations above 5000 m. Not only the different altitudinal zones on a
mountain have different characteristic communities, but even within each altitudinal
belt we find different communities. These differences are governed largely by the
local climatic and edaphic factors of different biotope, some of which are readily
observed, but others are still largely obscure. By comparing the behaviour of different
high altitude insect and plant communities in the high-alpine-nival zones of the
Alps and the Himalaya, we find differences in the synecological behaviour of plants
and insects; these differences are due primarily to the fact that in some cases the
plants and in other cases the insects are more sensitive to a given environmental
factor. It must, however, be observed here that inspite of these differences, an
intimate relation exists between the plant and insect communities at all elevations
above the forest-line.

The high altitude insect communities may be recognized by their character or
indicator species or also on the basis of altitudinal zonation (369, 378, 471). FRANZ
(368) has, for example, recognized the Nebria atrata-Gnophos caelibarius community
of the Alps on altitudinal zonation as one of the subnival-nival zone com-
munities and the Carabus concolor-Zygaena exulans community as a high-alpine
meadow community (vide Chapter XI). On the basis of their ecological speciali-
zations, the communities may be described as transitional, terricole, endogeous,
aquatic, cryophile or cryobiont, thermophile, hygrobiont, phytophile, etc. As a
community is, however, an assemblage of ecologically interrelated species, an
interdependent and self-sustaining unit, related as a whole in some specific manner
to a given habitat, the high altitude communities may also be grouped according
to their ecological habitats. BABLER (74) recognizes, for example, three major groups
of high altitude insect communities on the Alps on the basis of habitats, viz. i. the
communities of the snow-ice-free area, ii. the communities of snow-fields and glaciers
and iii. the aquatic communities. These groups are further subdivided again on the
basis of habitat differences into smaller communities. HANDSCHIN (471, 472) has also
utilized the habitat differences in classifying the Collembola communities of the
Alps. He recognizes, for example, i. the communities on the surface of stagnant
waters, il. spring and stream communities, iii. hygropatric communities or the
communities of damp and moist lichen-moss covered boulders and stones, iv. snow-
edge communities, v. snow communities, vi. phytophile communities, vii. petro-
phile communities and viii. soil communities. On the Northwest Himalaya, the
habitats, with special reference to the grouping of the high altitude insect communi-
ties, are i. the snow-edge, ii. the snow surface, iii. underground spaces and cavities,
iv. spaces under stones and boulders deeply sunk in the ground, v. crevices and
fissures in rock, vi. barren rock, vii. dry moss-lichen incrusted rock, viii. damp or
moist moss covered rock, ix. nunataks rock, x. soil, xi. vegetation mats, moss
cushions, etc., xii. meadow with abundant grass, xiii. the edges of melt-water ponds,
lakes, steams, etc., xiv. lakes and ponds, xv. melt-water torrential streams and xvi.
thermal and chemical springs. We may also add to these habitats the cave that
represents an important high altitude insect habitat on a number of mountains. We
may consider here the following communities: i. the rock communities, ii. the
hypolithic communities, iii. soil communities, iv. cavernicole communities, v. snow
communities and vi. the aquatic communities.
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4. THE ROCK COMMUNITIES

As an insect habitat, the rock surface reveals at high altitudes many interesting
features of extreme conditions and specializations. The rock includes not only the
“Muttergestein”’, but also the large and small boulders, fixed and loose and movable
stones, pebbles of older glacier moraines, erratics, avalanche schutt, etc. They com-
prise mostly granites, gneiss and other crystalline rocks, non-fossiliferous sedi-
mentaries, sandstones, slates, shales and often also dolomites and numerous fossili-
ferous materials. As a habitat of the high altitude insects, the rock is available from
above the upper limits of the forest to the highest mountain summits. Even on the
high grassy meadows and the alps, the rock habitat is abundant. Above the permanent
snowline, a considerable area of rock surface remains snow-free during the summer
and is thus available for colonization by diverse species. The rock habitat includes
not only the surface of the rock, but also the cracks, crevices and fissures in the rock,
the spaces between loose stones and the spaces between the large boulders that may
often form miniature caves. The rock may be dry and barren or it may also be
covered with more or less thin incrustations of lichen or matting of moss and other
sparse higher vegetation. The rock is not, however, always dry, but often damp or
even moist from being wetted by constant sprays from cataracts, by the melt-water
trickling from the snow or it may also have a thin layer of water constantly running
over it. The projecting rock masses in vegetation terraces on the slopes are also
important habitats.

The rock that completely lacks a vegetation cover of any kind, including even the
dry lichen incrustations, represents no doubt an extreme habitat. The intersurface
between the rock and the air is in this case sharply defined and the rock surfaceis
exposed to the full force of sunlight, it is baked hot and dry during the hours of
bright sunshine under the action of intense insolation, it is blown by wind and is
also subject to rapid erosion by running water, moving snow and ice or by falling
and rolling stones. Evaporation is strong and the diurnal and scasonal temperature
changes are the highest when compared to other habitats. Extremes of temperatures,
ranging from 35° to —7° C occur sometimes even within the space of an hour.
Constantly exposed to the direct sunrays, the rock surface heats up rapidly,
but a cloudy halfhour interval is adequate to bring down the temperature of the
rock surface below that of even the atmospheric minimum in the shade. The layer of
air immediately above the rock surface has also the lowest relative humidity and the
rate of evaporation is, therefore, extremely high. There is maximum scarcity of food.
Vegetation of some sort, even including the pioneer plants like lichen and moss, pro-
foundly alters the conditions and provides suitable optima for the petrophile and
petrobiont communities. The initial colonization, composition and stability of the
high altitude insect communities on the rock-surface habitat depend, therefore,
more on the degree of exposure than on the chemical nature of the underground
(527)-

The rock communities include mostly pioneer associations of Collembola-
Thysanura-Acarina, representing perhaps the relatively unimportant and more or
less thermophile elements at high altitudes. Stratification within the rock communi-
ties is perhaps not always very marked, but the altitudinal zonation is usually very
conspicuous. Diel periodism is pronounced but also rather irregular, when compared
with the conditions prevailing in soil or moss communities. The seasonal aspect of
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the rock communities is often revealed in the diminishing hygrophily and in the
perceptible increase in the dominance of the carnivorous and predatory forms as the
summer advances.

The initial colonization of the rock surface by the lichen~moss association paves the
way for other pioneer communities of Collembola like Isotoma (BOURL.) BORN.,
Isotomurus BORN., Orchesella TempL., Tomocerus N1C. and sometimes exceptionally also
Entomobrya ROND., to be succeeded by diverse predatory and parasitic Acarina,
Ctenolepisma EscH., Machilinus siLv. (Thysanura). These are followed by some
terrestrial Chironomidae, some brachycerous Diptera and a few Staphylinidae.
Although Lepidoptera as a rule belong to phytophile communities, some species
are known to be typically members of the communities on rock, incrusted with the
yellow, orange or red lichen on the Himalaya and on the Alps (730, 1132). The
caterpillars of Dasydia tenebraria ese. and Gnophos caelibarius spurcaria LATR. from the
Alps are members of lichen communities on rock surface at elevations of 2780-
2825 m and the caterpillars of Psodos alticola MEN. also occur on lichen-incrusted rock
at an elevation of 3237 m on the Alps.

The rock surface is also visited by the adults of Ephemerida, Plecoptera, Tricho-
ptera, Lepido 2 and Diptera from other neighbouring communities during the
early hours of ___ght sunshine or especially in a cloudy interval in the late forenoon
after some hours of sunshine for absorbing the heat that is being radiated away. The
rock surface is also one of the common hunting grounds for predatory Coleoptera,
Diptera and spiders.

Some of the most interesting rock communities are associated with nunataks.
The word nunatak is derived from the language of the Eskimo people and describes
the rock mass that projects as an island from a vast desert of snow and ice. Such
nunataks are exceedingly common above the permanent snowline. Due to peculi-
arities of gradient, local exposures to wind, aspect, etc., the winter snow usually
evaporates away during the summer or only insignificant amounts of the winter
snow contribute to the film of moisture on the surface of the rock necessary for a
sufficiently rich growth of lichen, algae or moss and for colonization by Collembola,
Acarina, Tipulidae, Chironomidae, Anthomyiidae, Syrphidae and other Diptera
and some Lepidoptera, but particularly Nymphalidae and Papilionidae.

The food resources of the rock communities are derived from the sparse vegetation
of algae, lichen, moss and other higher plants that grow in between the rock masses.
Considerable amounts of wind-blown organic dusts also contribute to the food
supply for the members of the rock communities at all elevations. Though many
Collembola depend on these and also on the organic debris, they represent in their
turn the basic animal food for a great variety of debris-feeding or predatory species.
There is on the whole a large population of predatory forms in the rock communities.
Although most rock communities are essentially pioneer associations, some of them
apparently attain considerable stability and even closely approach climax conditions
at higher elevations, especially above 5000 m on the Himalaya.

$. HYPOLITHIC COMMUNITIES

The hypolithic communities embrace the immense and much varied insect
associations that belong to the characteristic habitat in spaces under stones. The
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hollow spaces under stones, as insect habitat, represent perhaps the most favoured
among the diverse habitats above the forest-line on all high mountains in the world.
We must include here all the underground cavities and narrow spaces under a
variety of stones and boulders, more or less deeply buried in the ground. The spaces
under loosely lying stones that often slide or roll down are not, however, permanent
habitats of the high altitude insects. The hypolithic habitat is available in all types of
localities, from the treeline to the highest elevations of existence of insect life. Some
of these hypolithic spaces are natural, but others have often been more or less en-
larged and otherwise modified by the different species that occur in them. As
habitat of the high altitude insect communities, the hypolithic spaces are characterized
by optimal conditions for perhaps the largest majority of species. The environmental
conditions in the hypolithic spaces approach everywhere alsmost maximum stability.
The temperature-humidity conditions of the air within these spaces fluctuate perhaps
the minimum during the day and even the seasonal fluctuations are not on the whole
abrupt and extreme. The rise of temperature of the air inside the understone spaces
progresses gradually with the coming of summer and is correlated with the heat
summation in the ground and general rise of the deep-soil temperature and is not,
therefore, largely influenced by the prevailing conditions of the atmosphere outside
or even by the temperature changes on the surface of the rock. More or less uniformly
high relative humidity is always ensured and the absence of light and the shelter
from wind, the minimum risk of desiccation, etc., are some of the prevailing en-
vironmental conditions in the hypolithic habitat. There is, however, no marked
ecological stagnation, such as one finds typically in the cave. Unlike in the caves, the
general ecological conditions change, but do so only very gradually and within
relatively narrow limits. The factors which immediately govern the prevailing
conditions in the hypolithic habitat are the size of the stone, the presence and the
nature of the vegetation cover of the locality, the distance from the snow-edge or
from the melt-water ponds, lakes, streams, etc., the gradient of the floor under the
stone, the thickness and the duration of the winter snow-cover on the stone, etc.
The environmental conditions under smaller stones are generally subject to greater
fluctuations than under the larger stones. It is also interesting to observe that regard-
less of the size and other suitable factors, no insect communities may be associated
with a given hypolithic space, unless the stone is within the immediate vicinity of
a snow-field or at least a melt-water pond or stream.

The hypolithic community is perhaps the single largest community in the high
altitude biota and is characterized by much larger numbers of member species than
other communities associated with other habitats. Dermaptera, Carabidae, Staphylini-
dae, Histeridae, Tenebrionidae, Chrysomelidae, Curculionidae, Formicidae, nearly
all Lepidoptera, numerous Diptera, many Collembola, Thysanura, Chelifers, Acari-
na, spiders, scorpions, centipedes and millipedes are common representatives of the
hypolithic communities. Nearly all the geobiont and geophile species show a pro-
nounced tendency to inhabit every available space under suitable stones. The
character species belong most usually to genera like Anechura scupp. (Dermaptera);
Calosoma WEBER, Carabus LINN., Harpalus LATR. ,Bembidion LATR., Amara BON., Nebria
LATR., Trechus CLAIRV., Broscus PANZ., Chaetobroscus SEM., Atheta THOMS., Aleochara
GRAV., Geodromicus REDT., Merista cuapuis, Chaetocnema STEPH., Longitarsus LATR.,
Blosyrodes jexeL, Anchlaenomus waTERHOUSE, Catopionus SCHONH., Otiorrhynchus
GERM., Ascelosodis REDT., Blaps FABR., Syachis BATES, Laena LATR., Cyphogenia sors.



Ecological interrelations 87

(Coleoptera); diverse species of ants, Bombus LATR. (Hymenoptera); many Lepido-
ptera like Parnassius LATR. (caterpillars only); Isofoma(BOURL.) BORN. and several other
Collembola and many Thysanura, spiders like Lycosa LATR., etc. Mass assemblages of
the individuals of several species often exist side by side under the same stone.
Nearly all the hypolithic communities are practically climax associations and stratifi-
cation within them is, therefore, very well marked and the altitudinal zonation of the
communities is also well pronounced. Each zone of altitude has a characteristic
community composition and although the total number of the member species in
such communities diminishes with the increase in altitude, at any given altitude the
average number of species in the hypolithic communities is still much larger than
most other communities. Though the size of the community shows a definite gradient
from the snow-edge or with increasing distance from any considerable body of water,
the dominance in numbers of the member species is never surpassed by other commu-
nities. The hypolithic communitiésat elevationsabove the pcrmanentsnowline contain
many pioncer species, but on the whole the community stability is never
obscured or disturbed. The diel periodism is minimum in the hypolithic communities
and totally absent in some localities. Seasonal periodism is not very common and
not also very well pronounced.

Every member species in the hypolithic community is typically a hygrobiont and
has a very low temperature valence. The greatest bulk of the member species is
either a debris feeder or carnivorous and predatory form. The interspecific de-
pendence is most marked, but the communities themselves are perhaps the most
isolated and also the most irregularly distributed.

The members of the hypolithic communities are termed hypolithion and are
characterized by a conspicuous discontinuity of their distribution and numerous
other peculiarities of behaviour such as avoidance of strong light, a high degree of
hygrophily, lack of special fossorial structural adaptations and by their distinct
aspect sequence. The discontinuity of their distribution corresponds to the dis-
continuous distribution of the stones themselves. To the biochores of centres of action
belong the roots of plants in the soil below the hypolithic space, the decaying
vegetable matter found under the stones, the excreta of various animals, etc. Stones
about 100-400 cm? large and about 20 cm thick typically provide the most optimal
conditions for the hypolithion, and stones larger or smaller than these usually have
smaller numbers of species and individuals. SCHONBORN (931) has recently described
a peculiar stratification of the hypolithion. The first layer is on the under surface
of the stone itself, the second layer on the surface of the ground in the hypolithic
space and the third layer belongs to the more or less decomposed vegetable debris
that accumulates under the stone. All the three layers exhibit peculiarities in popu-
lation density and in the specific composition and have also a definitive function
within the hypolithic community. The under surface of the stone, depending on its
unevenness, has a first layer up to 1o mm thick, but this may locally be larger also.
The interspace between the local unevenness of the under surface of the stone
represents the most optimal place for the member species. Where the layer is only
s mm thick, relatively few species flourish and these are generally also minute in size.
The limiting factors of this layer include the presence of vegetable matter, so that
when the latter decays, considerable empty space is left above and between the
underside of the stone and the stone does not generally sink further below in the
ground. The mechanical activities of the animals under stones also often contribute
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to enlarge the range of the second and third layers; the Carabidae’in particular take
considerable part in this activity. The melt~water that percolates and runs under
the stones must also serve to maintain the optimal conditions of moisture and
humidity and at the same time the water brings about a gradual sintering and
breaking down of the lower surface of the stone, so as to enlarge the general area of
the first layer. The size of the interspace between the first and the second layers of
the hypolithion depends largely on the nature of the ground and the vegetation of the
locality. The third layer contains the detritus from the under surface and also from the
living beings. This layer has usually a specific composition and structure and the
thickness ranges about 30 mm. The ecological types of the hypolithic communities
are lithophile in the first layer, but endogeous in the other layers. The character
species of the first layer are predominantly zoophagous, of the second layer detritus
feeders and of the third layer either phytophagous or also detritus feeders. The third
layer may be taken as a sort of base of the pyramid within the hypolithic community.
In the hypolithic community, we find an example of the extreme case of rational
utilization of strictly limited space, with deficiency of food, coincidence barriers and
a little of pressure of concurrence.

6. SOIL COMMUNITIES

The usually scanty soil, collected in irregular patches at favourable localities,
constitutes the habitat of a surprisingly large number of associations of high altitude
insects, mostly dominated by Collembola. The optimal conditions for different soil
associations are primarily governed by i. the depth of the soil, ii. the nature of the
soil, iii. the gradient of the ground, iv. aspect of the mountain slope, v. the tempera-
ture-humidity conditions of the soil, vi. the winter snow-cover and its duration and
vil. the age or maturity of the soil (usually measured in decades). As already men-
tioned, the surface of the soil is characterized by greater fluctuations of conditions
than the deeper soil. Different soil-species show slightly different reactions to the
temperature fluctuations in the surface soil. The top soil temperature is usually an
important factor and often even a decisive factor in the distribution, composition,
organization and other conditions in the high altitude insect communities in any
given soil. The depth of penetration in the soil is largely governed by the soil mois-
ture conditions. The top soil absorbs and radiates away heat and also dries up more
rapidly than the deeper layers. Relatively few species occur, therefore, in the surface
layers of the soil; the deeper layers have, on the other hand, much larger numbers of
species. Light is an important factor that governs the nature of the surface layer of the
soil, but the deep-soil associations are only indirectly influenced by the action of
light on the surface layer of the soil. Organic matter, including the roots of living
plants and other dead material of both plants and animals, constitutes the principal
food resources for the soil communities.

The character species of most soil communities belong to Collembola like Frisea
D.T., Achorutes TEMPL., Onychiurus GERV., Orchesella TEMPL., etc., representing the
deep-soil or the true soil species (the euedaphon). The mesedaphon Collembola
Lepidocyrtus BOURL., Entomobrya ROND., Tomocerus NIC., Isotoma (BOURL.) BORN. are
also rich in species. Nearly every Collembola-association in soil contains one or more
species of bdellid and trombiculid Acarina also as character species. The depth to
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which the Collembola occur in the soil in the nival zones of the Alps and the Hima-
laya is dependent on the soil moisture.

Coleoptera are richly represented in soil communities in localities rlch in organic
matter. They are also associated with soils of greater maturity than immature soils.
Coleoptera are succeeded in the ecological succession by Diptera, especially Brachy-
cera. Other types include Isopoda and Diplopoda, in close association with the
Coleoptera.

The soils of relatively small age are rich in pioneer communities, with a pre-
ponderance of Collembola, but with increasing maturity, the soil communities
show a distinctive fall of the dominance of Collembola and a corresponding ascen-
dency of the soil Acarina. The communities nearer climax conditions include
numerous Coleoptera, Diptera and Acarina. According to JANETSCHEK (564), similar
conditions of the fall of Collembola dominance with the increasing soil maturity
are also met with on the Alps. The soil communities are on the whole characterized
by their pronounced hygrophily, but their cold stenothermy is less than in the case
of the members of the other communities. Their ecological valence is also narrow,
but the stratification within the community is well marked. Altitudinal zonation of
the soil communities is very pronounced. The frequency of climax communities in
soil is greater than in the snow habitat. At elevations of about 5000 m, there are,
however, more numerous pioneer communities even in the soil than at elevations
of 4000 m on the Himalaya. The reader will find the contributions of piem (260),
DOWDY (284) and FRANZ (370, 373, 374, 379) of considerable importance to our
knowledge of soil communities at high altitudes.

7. CAVERNICOLE COMMUNITIES

The cavernicole communities of high altitudes are composed of troglobiont,
troglophile and trogloxene elements. The troglobionts are the true cavernicolous
species, found exclusively in the high altitude caves on mountains.. The troglophile
species find their normally optimal conditions within the environment of the cave,
but often they occur also in the open. The trogloxene species are not always found
in caves and cannot also always exist in the cave environment, but take advantage
of this environment only occasionally. The majority of the troglobiont high altitude
insects from the Buropean mountains are Coleoptera, but some remarkable Ortho-
ptera (Stenopelmatidae) and small numbers of Diptera have also been found.

The endemic cavernicole Orthoptera from Europe are species of Dolichopoda BOL.
and Troglophilus krauss. Although the species have well developed and also pigment-
ed eyes, they are generally apterous. In Dolichopoda the legs and antennae are rather
conspicuously long. The genus is widely distributed on the south European moun-
tains and extends to Asia Minor and the Caucasus Region. Troglophilus occurs in
Asia Minor, Crete, the Balkan and on the East Alps, northwards into the calcareous
zone of the Wienerwald.

The cavernicole Carabidae, Dytiscidae, Staphylinidae, Silphidae, Pselaphidae and
Curculionidae are mostly troglobionts like Trechus cLAIRV., Spelacodytes MILL., blind
species of Pterostichus BoN. of the subgenera Rambouskiella xntrRscH, Speluncarinus
REITT. and Troglorites JEANNEL, the Pselaphidae Troglomaurops GGLB., Machaerites
spelaeus MILL., Bythinus LEACH, etc. A number of species of Bathysciinae (Silphidae)
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are also character species of cavernicole communities. The microphthalmous Staphy-
linidae Glyptomerus cavicola MULL., Atheta absoloni rams., Colydiidae Anommatus
titanus REITT., Curculionidae Troglorrhynchus scumipr, Absoloniella FORMANEK, etc.,
sometimes found in caves on the European mountains, are not, however, troglo-
bionts. Some of the blind Carabidae, Pselaphidae and Bathysciinae found within
the cavernicole communities often occur outside also. All the strictly troglobiont
Coleoptera are apterous, yellowish-brown or bright reddish-brown, with greatly
reduced or atrophied eyes, which may also be totally absent. Their legs and antennae
do not, however, differ very much from those of the open-tetricole forms, but in
some extreme troglobiont species they are rather conspicuously elongated. Two
small Dytiscidae have also been found in cavernicole waters, viz. Hydroporus (Siet-
titia) balsetensis AB. and Hydroporus (Siettitia) avenionensis GUIGNOT. Both these specics
have reduced eyes and are uniformly pale yellowish-brown. Further accounts of
cavernicolous Coleoptera may be found in ABSOLON (I, 3), AELLEN & STRINATI (8),
BEZZI (I122), BRITTON (I55), BURESCH (I172-174), CHAPPUIS (206), JEANNEL (574, $75,
586, 587), LELEUP (68 5), PEYERIMHOEF (832), VANDEL (1077) and WOLF (1123).

The troglobiont blind Coleoptera are abundant on the southern European moun-~
tains, but are absent in the north, and on the Central European mountains we find
only some troglophile elements. Parabathyscia wollastoni jans., not distinct from
P. muscorum DIECK., from the Ligurian Apennines, and found in decaying vegetable
matter on the ground, attains its maximum northward extension in northwest
France and in south England. Bathysciola fauveli yeANNEL and Trechus (Trichaphaenops)
sollaudi JEANNEL occur in caves of Faux-Monnayeaurs in Mouthiers. Royerella
villardi BED. (Bathysciinae) occurs in the Grotte de Lejoux in the French Jura. Trechus
(Trichaphaenops) angulipennis MEIXN. is reported from the caves of the Dachstcin
Massiv on the border of North Austria and Steiermark and is the only blind caverni-
colous Coleoptera so far found on the North Limestone Alps; it does not occur on the
Austrian Central Alps or even on the Swiss Alps. It is a fully isolated relict species.
Trechus (Duvaliopsis) pilosellus stobieckii csixt is known from caves in parts of the
Vysoké Tatry and occurs under stones in the subalpine zone of the Babia-Géra
in the Beskids. The Bathysciinae are absent in the cavernicole communities of
the Atlas Mountains, but the blind Trechus jurjurae PEvERIME. and Aphaenops iblis
PEYERIMH. occur in the caves of the Djurdjura Mountain. Nebria (Spelaeonebria)
nudicollis pEvERIMH., with elongated legs and antennae and pigmented but small
eyes, occurs in a deep cave on the same mountain. In the same cave were also found two
blind Staphylinidae Paraleptusa cavatica peveriMH. and Apteraphaenops longiceps
JEANNEL and the blind Curculionid Troglorrhynchus mairei PEYERIMH. Reference may
be made to certain peculiarities in the behaviour of the cavernicolous Colcoptera.
The troglophile Troglorrhynchus anophthalmus scumIDT is either a free terricole or
also cavernicole in different localities. Anophthalmus bielzi sEIpr. is also either a free
terricole or a cavernicole form on the Transylvanian Alps and both these species
extend over the East Carpathians to the Vysoké Tatry.

8. SNOW COMMUNITIES

The snow communities are perhaps the most interesting of the high altitude
insect communities. They embrace not only diverse pioneer associations, but also a
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number of semi-climax and near-climax communities. The snow habitat embtraces
the winter snow-edge, the surface of the winter snow, the so called red-snow or the
snow mixed with mud and earthy matter including the debris brought down by
avalanches, the glacier snout, the glacier margin, the glacier surface, the erratics on
glaciers, the edge of the permanent snow, etc. In these diverse habitats the members of
the snow communities are distinct from the casual visitors to the snow from other
habitats.

Although varied in size, location and altitude, the snow, as a habitat for the high
altitude insects, is characterized by the most remarkably uniform conditions of low
temperatures of the atmosphere, intense glare, great abundance of organic matter
and optimal conditions of humidity. Though the layer of air immediately above the
snow surface is remarkably dry, the low temperature of the air and the evaporation
from the exposed surface of the snow largely tend to minimize the risk of rapid
desiccation of the delicate insects on the snow. Of the diverse habitats enumerated
above, the snow-edge presents perhaps the most optimal conditions to the largest
majority of the species. The associations of the winter snow-edge are unquestionably
the most important among the high altitude insect communities. The members of
the snow-edge communities are generally characterized by their capacity for tole-
rating the cold and the high atmospheric humidity. The surface soil is always cold,
owing to the rapid evaporation of moisture and the consequent extraction of heat.
The capillary force replenishes the moisture lost by evaporation from the edge of
the melting winter snow. Low temperatures and high humidity are also characteristic
of the edge of the permanent snow. We find, therefore, that it is only the strictly
cold stenotherm species, which are members of the snow-edge communities. The
character species belong mostly to Collembola like Hypogastrura BOURL., Onychiurus
GERV., Isotoma (BOURL.) BORN., Proisotoma BORN., etc. The snow-edge communities on
the ridges are generally different in composition and other characters from those
of the intervening valleys.

The character species of the snow communities belong to Collembola like Isotoma
(BOURL.) BORN., Proisotoma BORN., Hypogastrura BOURL. Onychiurus GERV., Tetracanthel-
la scuOTT, Isotomurus BORN., Lepidocyrrus BOURL., Orchesella TEMPL., Womerselya sAL.,
etc. The character species of Coleoptera belong to Bembidion LATR., Nebria LATR.,
Trechus CLAIRV., Atheta THOMS., Aleochara GRrav., etc. Tipulidae, Chironomidae,
Syrphidae, Anthomyiidae, Sarcophagidae, etc. are also commonly represented by
a large number of species. The other important groups include Plecoptera, Epheme-
rida, Trichoptera and Lepidoptera, in addition to spiders, especially Lycosa LATR. and
Xysticus c. kocH and numerous Acarina. The organizational pyramid rests on some
species of Collembola in most snow communities, but particularly the pollen and
spore feeding Collembola stand at the very base of this pyramid. The snow com-
munities are remarkable for the great abundance and frequency of the guest species,
visitor species, etc., from nearly every other neighbouring communities.

The outstanding characters of the snow communities are the conspicuous vari-
ations in the species composition and the character species are on the whole minimal
for the biotic province above the forest-line on mountains. The number of indivi-
duals is, however, relatively high in nearly all the component species. Although the
true character species are relatively few in most snow communities, there are,
however, large numbers of other associated species. Inspite of the constant changes
in the snow communities, it is remarkable that the true character species retain their
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fidelity nearly throughout, so that the altitude zonation is not really due to them
but to the other member species. Even this altitudinal zonation is not really so well
marked in the snow communities as is ususally observed in the other high altitude
insect communities. Both diel and seasonal periodisms are cxceedingly well marked
in the snow communities. The snow communities have also perhaps the maximum
proportion of carnivorous and predatory forms. The snow communities occur
from the forest-line to elevations far above the permanent snowline.

9. AQUATIC COMMUNITIES

Three principal groups of aquatic communities, depending on the diversity of the
habitat, may be recognized, viz. i. the communities of stagnant water, ii. the com-
munities of torrential streams and iii. the communities of the thetmal and chemical
springs. The communities of the subterrancan waters are best considered under the
cavernicole communities.

a. Communities of Stagnant Waters

The stagnant water habitat at high altitudes on mountain embraces the melt-
water ponds, the glacial lakes, etc. Great deal of attention has been devoted to the
study of various aspects of the limnology of the high altitude lakes and ponds on
different mountains (57, 81, 94, 355, 460, 461, 829, 905, I0I6, I138). PENNAK (825)
and RAWSON (860) have recently made valuable contributions to our knowledge of
the high mountain lakes of North America. The most important works dealing with
the high altitude lakes of the Himalayan System are by HUNTINGTON (552), HUT-
CHINSON (557) and LUNDQVIST (712).

Unlike most lowland lakes, the high altitude lakes on most mountains are glacial
in their origin. Most of the glacial lakes at elevations above 5000 m remain frozen
almost the whole year and the lakes at elevations between 5000 and 4000 m are only
partly ice-free for a brief period during the summer. Useful information on the
hydrology and other peculiarities of an extremely interesting high altitude lake in
Middle Asia may also be found in BRODSKII(160, 161).

The temperature of the water in the glacial ponds and lakes at high altitudes is
subject to greater fluctuations during the day in summer than that of the high altitude
streams. In addition to altitude, the slope aspect and the latitude of the mountains,
the size and the depth of the lake have a profound influence on the temperature of the
water in the high altitude ponds and lakes. The high altitude lake water shows a
conspicuous temperature stratification. The surface of most high altitude lakes on
the Himalaya is about 2-5° C warmer than the deeper water during the hours of
bright sunshine in summer. Exposure to wind naturally lowers this difference to
about 0.5° C. With masses of floating ice on the water or also with a snow-bank,
the difference between the surface and the bottom temperatures is not, however,
very pronounced. The inflow and outflow are other important conditions that
govern the water temperature of the high altitude lakes. The deeper lakes are on the
whole more homothermous than the shallow ones, but some deep lakes also show
remarkable temperature stratification on the Himalaya.

- The greatest majority of the high altitude lakes are transparent to depths of
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nearly four metres. The amount of oxygen dissolved in the water in these lakes is
very much less than in the high altitude torrential streams and is often only 70-80%,
of that required to saturate the water at the prevailing temperature of the water and
at the prevailing atmospheric pressure. EDMONDS & HUTCHINSON (292) found,
however, that the oxygen tension in some of the fresh-water lakes in Ladak is nearly
comparable to that of lowland lakes, mainly because of the lower atmospheric and
water temperatures at these altitudes.

In the absence of rooted plants, the water in the high altitude lakes never shows the
oxygen supersaturation that we find in the case of the torrential streams. The
proportion of dissolved oxygen falls somewhat with the advance of summer and
the disappearance of floating ice from the surface of the water. There is often a
distinctly perceptible oxygen gradient from the surface to the bottom and sometimes
also from the shore to the middle of the lake. The shallower portions of the water
near the shore, with abundant submerged stones covered by algal slime, are generally
richer in dissolved oxygen than the water in the middle.

Owing to the low temperature of the water, most of the lakes at higher elevations
on the Himalaya have abundant algal growth, but the zooplankton is surprisingly
very poorly developed in many of them. In comparison with the freshwater lakes
at lower elevations and within the forest-zone on mountains and on the plains, the
high altitude lakes are remarkable for a much shorter open season, and their charac-
teristically low temperature. They are entirely fed by melt-water from ice and snow.
The high altitude lakes have also a less marked temperature zonation and stratifi-
cation and have a higher transparency than most typical lowland lakes. Their oxygen
content, though not very different from that of lowland lakes, is, however, below
the saturation point.

The insect communities of the freshwater ponds and lakes at high altitudes on
mountains are perhaps among the smallest. With the notable exception of Collem-~
bola, exceedingly few species are common in this habitat at all elevations. The
surface-haunting Collembola in the high altitude freshwater lakes belong mostly to
Hypogastrura BOURL., Onychiurus GERV., Proisotoma BORN., Sminthurides aquaticus
BOURL., etc. Excluding the Collembola, the surface forms are relatively extremely
scanty but the species that dive under the water surface are fairly common. The
character species belong to Dytiscidae like Agabus LEACH, Potamonectes ZIMMER-
MANN and Dytiscus LINN. and Hydrophilidaelike Helophorus ¥aBr. There is a conspi-
cuous absence of the surface-haunting Heteroptera in most of the high altitude
lakes, but MaN1(730) has recorded Gerris sahlbergi D1sT. as occurring in small numbers
in isolated patches of melt-water at an elevation of 3400 m on the south slope of the
Northwest Himalaya. There are also some species of Chironomidae and Ephydra
FALL. The last mentioned genus is, however, more typical of saline and alkaline lakes
than of freshwater ones. The dominant higher insects of most high altitude lakes are,
therefore, mostly Coleoptera, almost to the exclusion of most other groups. The
Coleoptera of the glacial lakes of the Alps belong to species which are mostly
widely distributed even on the lowlands of Central Europe. They are mostly carni-
vorous, but often also phytophagous, almost without exception winged and are
never blind. Exclusively montane autochthonous stagnant water forms like Helo-
phorus brevitarsis and Hydroporus kraatzi also occur on the Carpathians. Most high
altitude stagnant water Coleoptera have typically retained their ability to swim, but
the Hydrophilidae swim to a lesser extent than the Dytiscidae. In some of the
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freshwater ponds we also find the freshwater fairy-shrimps Branchinecta spp. (730).
In addition to the true pond and lake communities, mention may also be made of the
important and often large associations of Collembola~Atheta at the edges of the ponds
and lakes on nearly all the important high mountains of the world.

b. Communities of Torrential Streams

The high altitude streams are mostly torrents and are also of glacial origin on most
mountains. The bottom of nearly all the torrential streams is typically stony, with
little sand or mud. The fall in the gradient is high in most streams and may amount
to as much as 500-2000 m/km and the current velocities vary from 1 to 6 m/sec. The
great majority of the high altitude torrents are generally very swollen and highly
turbid during the afternoon in summer, and some of them indeed bring down
considerable rock debris and mud and often also blocks of ice and snow. They are,
therefore, conspicuously turbid in the afternoon, but clear for the rest of the time.
GILBERT (408) has given an interesting account of the transportation of debris by
running water.

The temperature of the water in the high altitude torrential streams is far more
uniform than in the lakes and ponds, not only over several weeks during summer but
also over a fairly wide range of altitude. Regardless of the altitude, aspect and perhaps
also latitude of the mountain range, the mean temperature of the water during
summer remains nearly constant in most high altitude torrents. The diurnal temper-
ature fluctuations are thus extremely small at any locality and do not generally
exceed 1.0-1.5° C even on the south-facing slopes. The marked uniformity of the
water temperature is the result of high current velocities. The influence of current
velocites on the water temperature of the torrents is best observed in the absence
of a pronounced south-north difference on the Himalaya. The temperature of the
water in the R. Issyk, which is a torrent within the Tien Shan mountains, observed
by BRODSKII (160, 161), ranges from 11° C at elevations between 1360 and 1450 m,
10.6° C at elevations between 1450 and 1725 m, 8.6° C at elevations between 1725
and 2020 m and 0.6° C at elevations of about 2600 m. The mean atmospheric
temperature during July is 24.5° C and the mean water temperature at the same
time is 10.5° C; with the atmospheric mean at 4° C the mean water temperature is
0° C. The diurnal fluctuation of the atmospheric temperature in the R. Issyk Gorge
was between 19 and 23° C, but that of the water in the river only between 10.8 and
10.9° C. On the Northwest Himalaya, the water temperature at an elevation of
about 2700 m is 5.5° C, with the mean atmospheric temperature reading 16° C.
The mean water temperature in the same torrent at an elevation of about 4500 m
is only 4.5° C.

On account of the low temperature of the water in the torrents, the oxygen
tension in the water is apparently not less than that in most lowland waters. On the
other hand, while the oxygen tension of the atmosphere falls with the increase in
altitude, that of the water in the torrential streams does not necessarily decrease.
The oxygen tension in the water of the torrential streams is governed partly by the
temperature of the water also. While the reduced atmospheric pressure lowers the
solubility of oxygen in the water, the lowering of the temperature increases the
solubility. The result is that often a much higher proportion of oxygen is found
dissolved in the high altitude melt-water torrents than could be expected from
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the conditions of altitude alone. At an elevation of about 2750 m on the Himalaya, a
relatively slow-flowing stream on the south slope, with a mean water temperature of
12° C, contains about 7 cc of oxygen per litre of water (fig. 27). The amount of
oxygen required to saturate the water at this temperature is only s cc/l, so that the
torrential stream is actually supersaturated with oxygen. At elevations between
3700 and 4000 m, the oxygen tension in torrential streams with a temperature of
about 4.5° C is about 5 cc/l. This quantity is again considerable supersaturation for
the atmospheric pressure prevailing at the elevation. According to the observations of
DODDS & HISAW (270-273), the torrential strcams at an elevation of about 2500 m on
Colorado mountains are likewise supersaturated with oxygen by about 150%.
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Fig. 27. Dissolved oxygen in lowland waters and in the high altitude melt-water
streams on the Himalaya.

BRODSKII (160) similarly found the oxygen content of the torrents of the R. Issyk
system on the Tien Shan mountains to be above the saturation value, being 9 cc/l at
a temperature of 10° C and at an atmospheric pressure of 760 mm Hg. The most
important ecological factor is the current itself. The high current velocity ensures
efficient and rapid removal of the layer of water deficient in oxygen and increasing
proportion of carbon dioxide from the immediate surrounding of an aquatic
organism. In this immediate surrounding of the insect, the fall in oxygen tension is
accompanied by an increase of the carbon dioxide tension. The rapid current serves,
however, to maintain a uniform and regular supply of freshly dissolved oxygen for
respiration. It also contributes to the maintenance of a uniform temperature of the
surrounding water, thus permitting the occurrence of species over a wider range of
altitudes than is otherwise possible. The current velocities are variable in different
parts of the torrent and may range from o to 6 m/sec.

Considerable attention has been paid to the temperature of the water and the
amount of dissolved oxygen in mountain torrents as decisive ecological factors.
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Most workers have, however, overlooked the fact that the biota: of the mountain
torrents are governed not only by these factors, but also by a complex set of other
factors, including the nature and character of the bank, the stream bottom, the
width and the depth of the stream, the current velocity, the total water discharge
per second, etc. BRODSKII (160) is perhaps the most important worker to realize the
complexity of the ecological factors in the high altitude torrents.

Current velocities alone do not by any means give a satisfactory clue to the type
of organisms, their structural and other adaptations in any given stream. Broadly
speaking, there are three distinct ecological groups of communities in mountain
torrents. The first group, typified by Blepharoceridae and Deuterophlebiidae, con-
sists of species that are permanently exposed to the full force of the strong current.
The second group, comprising most Ephemerida and some Plecoptera, is exposed
only temporarily to the full intensity of the current, but for the most part remains
under submerged stones and thus escapes from the extreme intensity of current
velocities. To the third group belong the species that remain permanently under the
submerged stones and are not, therefore, exposed to the full force of the current at
all. We have accordingly the extreme rheobiont, the rheophile and the rheoxene
types in these torrents. Most of the torrenticole insects are also characterized by their
narrow cold stenothermy. BRODSKII (160) reports, for example, that cold stenotherm
rheophiles occur in the littoral zone of the R. Issyk and the cold stenotherm rheo-
bionts in the upper reaches of the torrent. Lithophile and bryophile species are also
abundant in all the high altitude torrents, but strictly limnophile and open-water
associations are of course totally absent from them.

Some of the outstanding features of the insect life in the mountain torrents have
been discussed by a number of workers (160, 270-273, §46, $62, 1009). The most
striking feature of the insect communities of the high altitude torrents is the enormous
abundance of individuals of relatively few species, some of which appear again and
again in many localities, often over a fairly wide range of altitude. The character
species belong to Ephemerida, Plecoptcra, Trichoptera, Deuterophlebiidae, Blepha-
roceridae, Simuliidae, Chironomidae, some Collembola and Hydracarina. Except
perhaps in some cases of Collembola and Hydracarina, it is only the larval and other
immature stages of the other groups that are found in the torrents. Aquatic tor-
renticole Coleoptera are relatively scarce and Heteroptera, so common in still-waters
at sea-level, are totally absent in the high altitude torrents. There are on the Himalaya
three ecological groups of associations of torrential communities: i. Baetis LEACH-
Nemoura LATR. associations, with Capnia piCT., Iron EATON, Ecdyurus EATON, etc.
ii. the Deuterophlebiidae-Blepharoceridae-Simuliidae associations and iii. the
Trichoptera-Chironomidae associations.

The members of the torrenticole associations have taken advantage of the high
current velocity in a most complex manner and indeed survive only because of the
high velocity of flow of water and notinspite of it. The streamlining effects of the
current on the body that behaves almost like a fluid are well known and have been
so well discussed by THOMPsON (1037). Both in the still water and in the slow-flowing
streams, the mean body size of the insect is larger than in the case of the torrential
streams. The mean size of the body of the insect thus tends to diminish with the
increase in the velocity of the water flow in the mountain torrents. The body also
exhibits a conspicuous tendency to become flattened and depressed in the case of the
species that spend most of their time under submerged stones. In the case of the
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species that are exposed to the full force of the current, the body is certainly not at all
flattened, as is most often erroneously asserted, but the shape of the body is such that
it offers the least resistance to the current. It must be observed that not only the larvae
of torrential insects, but in reality everything submerged in a rapid-flowing current
of water, including the very pebbles, are shaped exactly alike and are streamlined by
the current iself. The shape of the body is directly moulded by the very current that
ensures diverse other environmental optimal conditions. The total gill surface is
relatively small in the case of torrenticole species. In stagnant waters, the respiration
of enormous numbers of overcrowded larvae of Ephemerida, Plecoptera and other
forms considerably lowers the oxygen tension and at the same time increases the
carbon dioxide content of the water within the immediate surroundings of these
larvae. Increased concentration of COz2 stimulates the gill lamellar movements and
thus at the same time serves to stir up the water, thereby dissipating the water
enriched with CO2 and eventually restoring a fresh supply of oxygen. In the
torrential streams, however, such gill movements are totally absent and are in fact
wholly unnecessary, since the current itself ensures prompt removal of CO2 and
renewal of oxygen. The gill lamellae of the torrenticole larvae are therefore charac-
teristically small. The larvae of Plecoptera in the glacial torrents on the Himalaya have
thus remarkably small gills and compared to the larvae of Ephemerida are also
poorly equipped with gills. They are characterized by a lower tolerance for oxygen
deficiency than the larvae of Ephemerida or Trichoptera. As may be expected, the
organs of anchorage like hooks, suckers, discs, etc. are remarkably well developed.
The species that withstand the strong current and remain exposed and anchored to
stones and other rock surfaces under water have relatively rounded bodies or have
also semi-flattened bodies. The Ephemerid Baetis LeacH has rounded larvae and
Iron EATON has semi-flattened larvae. In the case of the species that avoid the current
by remaining concealed under submerged stones and inside crevices, the body is
relatively bulky and has also rather sprawling legs. It must be remembered that a
flattened body is by no means always a torrential adaptation, but rather rounded
bodies seem to be more common among the torrenticole species. The flattened
Ecdyurus EATON does not, for example, occur exposed to the full force of the current
and the flattening is here an adaptation that in effect enables the insect to get under
stones and thus avoid the strong current. In the case of the Trichoptera, the larval
cases rather than the larvae themselves exhibit conspicuous modifications for life in
high current velocities. The size, shape and the material used in the construction of
the case are largely governed by the current velocity and are therefore charac-
teristic.

The rich algal slime on the submerged stones is the primary source of food for the
species in the torrential stream communities. The larvae of Ephemerida that stand
at the base of the pyramid of numbers in the torrenticole communities feed largely
on the algal slime. The current brings an abundance of food in the shape of organic
particles entombed in the winter snow and in the glacier ice and released when the
ice and snow melt during the summer.

The principal specializations of the members of the torrenticole communities
include, therefore, the ability not only to withstand the current but also to utilize the
current itself for supplies of oxygen and food, in their organs of anchorage, in the
absence of swift movements of locomotion, in the restriction of locomotion, in their
small body size, reduced respiratory organs, streamlining of the body, habit of
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feeding from the current or by scraping the food from the stone surface, in the
narrow temperature valency and in the low tolerance of oxygen deficiency.

¢. Communities of Thermal and Chemical Springs

The high altitude thermal or hot springs are characterized by the temperature of
the water being higher than the mean atmospheric temperature of the locality. In
some of the more well known hot springs of the world, the water emerges almost
at the boiling point, but cools off soon after leaving the spring (164, 547). We find,
therefore, a series of biotopes with graded temperature differences. Most high
altitude hot springs are also rich in dissolved mineral salts, hydrogen sulphide and
carbon dioxide and are, therefore, also at the same time chemical springs. The spring
water in such cases is at a higher osmotic pressure than the body fluids of insects.
The salts generally met with in these springs are the chlorides of sodium, potassium,
etc., borax and in the case of the alkaline springs, sodium carbonate also. Unlike
the stagnant water and the torrential streams, the high altitude thermal and chemical
springs are pronouncedly deficient in dissolved oxygen.

The insect communities in the thermal and mineral springs at high altitudes
inhabit waters at temperatures of 30-51° C. On the Northwest Himalaya, the larvae
of Ephydra FALL. occur in springs, with a temperature of 49.1° C at elevations of
4500-4750 m. In North America they occur in the hot springs at temperatures of
43° C. Although Dytiscidae, Hydrophilidae and Gyrinidae occur sometimes in the
hot springs, they are on the whole sparse and relatively unimportant elements in
most high altitude hot springs. Hydracarina like Protziella hutchinsoni LUNDB. occur
commonly in many hot springs, at temperatures of 22° C on the Himalaya. Other
character species of the high altitude hot springs belong to Chironomidae, Ceratopo-
gonidae, Stratiomyiidae like Stratiomyia GEOFFR., Odontomyia MEIG., Oxycera MEIG.
and Nemotelus GeOEER., Syrphidae like Eristalis LATR., etc. Helophorus (Atractelopho-
tus) montanus D ORCH. occurs in sulphur springs on the Himalaya. Mention may also
be made of remarkable associations of species at the edge of the hot springs. We
have, for example, the associations of Helophorus (Lihelophorus) ser zarr. and Bembidion
hutchinsoni ANDR. at the edge of the Khyam Hot Spring on the Northwest Himalaya.



CHAPTER V

SOME TYPICAL HIGH ALTITUDE INSECTS
AND OTHER ARTHROPODA

While the insect life of the forest and the prairie at lower elevations is remarkable
for its enormous diversity, exceedingly few orders have successfully colonized the
biome above the upper limits of the forest on high mountains. The dominant high
altitude insects belong to groups like Plecoptera, Coleoptera, Lepidoptera, Diptera
and Collembola, which also occur at the highest elevations in the vicinity of snow
and ice. Some other orders like the Ephemerida, Orthoptera, Dermaptera, Hetero-
ptera, Hymenoptera, Trichoptera and Thysanura usually occupy a minor place among
the insects at extreme high altitudes and most of these groups do not also occur
much above the limits of the forest. Even in the typically mountain autochthonous
groups, there is an abrupt fall in the general abundance of species at the upper
limits of the forest. Some of these orders, relatively insignificant at the sea-level,
become conspicuously dominant at high elevations. In all cases, the high altitude
species are wholly different from those with which we are familiar in the plains.
Broadly speaking, the high altitude insects belong to the following ecological
groups: 1. Widely distributed eurytype hypsophiles, characteristic of the forest and
prairie and abundant at lower elevations, but occurring regularly in the subalpine
and sometimes even in the alpine zones on high mountains in different parts of the
world. 2. Mountain autochthonous hypsobionts; these exist at the highest elevations
and are as a rule never found within the forest zone. Some of them are generally
characteristic of all or nearly all the principal mountains of the world. Others are,
however, restricted to specific regions only. 3. Lowland and forest elements that
occur accidentally above the upper limits of the forest on mountains, but do not
breed at high elevations. This chapter aims at an outline of the taxonomy of the
dominant hypsobiont types, found on the principal mountains of the world. Mention
is also made of some unique forms which are exclusively characteristic of well
known mountains.

A. INSECTS
ORDER I. EPHEMERIDA

Ephemerida apparently reach their maximum development in the north temperate
areas and on the mountainous regions and yet exceedingly few species are at present
known from above the upper limits of the forest on most mountains. The order
flourishes, however, almost up to the permanent snowline on the Alps and the
Himalaya.

In contrast to the species from the plains, the larvae of the high altitude Ephemerida
are almost exclusively torrenticole rheobionts, truly immense numbers of which
may be found clinging to the submerged stones in the melt-water streams. Only
exceptionally do we find the larvae of a few species on the submerged stones near
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the edge of stagnant ponds and lakes, especially in windy and éxposed localities,
where the strong winds ensure constant movements of the shallow layers of the
water and thus provide a sort of ecological substitute to current. As a rule, the
larvae move but little, since even at the edge of the stream the current in most
torrents is strong. The free tracheal-gill lamellae are generally relatively small and
practically or also completely immovable. The optimal temperatures of the water
for the larvae of most species on the high mountains of the world lie between 5° and
8° C. The larvae feed on the rich algal slime growing on the surface of the submerged
stones and on the rocky bottom of the streams, but often they also turn into detritus
feeders and occasionally also predators. Hibernation during the winter is most
usually in the last larval stage. The entire life-cycle of the high altitude mayflies may
be completed within a single summer, especially immediately above the forest-line,
but more usually it requires two or even three years. The subimago may often be
collected in great numbers during the summer and all on a sudden on a calm sunny
afternoon, huge swarms of the adults emerge. The neighbouring snow-fields are
littered next morning with immense numbers of the dead adult mayflies, to be
devoured by vast hordes of carrion feeders.

The typical mountain autochthonous species belong to Ameletus EATON, Rithrogena
EATON, Ecdyurus EATON, Ecdyonurus EATON, Caenis STEPH., Baétis LEACH, Cloéon
LEACH, Palingenia EATON, Ephemera LINN., EphemerellawALsH, etc. Iron spp. are common
in torrential streams on the mountains of Middle Asia, at elevations between 1300
and 2300 m, with the water temperature ranging from 11° to 7° C and at about an
elevation of 1900-2000 m on the Alps. On the North American mountains, the
genus occurs at relatively higher elevations of 2750-3400 m. Ecdyonurus EATON seems
to be confined to lower elevations of 1300-1500 m on the Tien Shan System, but
sometimes ascends to 1700-2130 m; it flourishes in water at temperatures of 9-7° C.
Ephemerella waLsH is a typical rheobiont, characteristic of high mountain torrents
at elevations of about 1300 m on the Middle Asiatic mountains and over 2900 m on
the North American Cordilleran System; it flourishes well in water at a temperature
of 11-10° C. Baétis LeacH flourishes best in streams with stony bottom, usually at
elevations above 2300 m, at temperatures ranging from 11° to 5° C, but on the
North American Cordillera the genus ascends up to 3500 m and on the Himalaya to
nearly 4000 m. The genus Ororotsia TRAV. is endemic on the high Himalaya. The
reader will find useful accounts of mountain authochthonous Ephemerida in BERT-
RAND & VERRIER (I21I), BRODSKII (159), DODDS & HISAW (271-273), KAPUR & KRIPA-
LANI (606), LESTAGE (690), TRAVER (1045) and UENO (1055).

ORDER 2. PLECOPTERA

The Plecoptera have a wide Holarctic distribution and are particularly abundant
on mountains. Although relatively few species have actually been described so far from
most mountains, the stoneflies constitute nevertheless an important group of high
altitude insects. As with the Ephemerida, there is in this order also a remarkable
quantitative abundance of the individuals of relatively few species at high altitudes.
The larvae require cold and well acrated running water and are, therefore, wholly
confined to the torrential streams on mountains. While the mayflies are common
enough even near the sea-level, the stoneflies are almost absent on the plains, but
come into dominance at higher elevations. They flourish almost up to the permanent
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snowline. The temperature of the water optimal for the Plecoptera lies between
4° and 8° C on the Himalaya and though the larvae of many species are normally
active even at temperatures in the neighbourhood of 1.5° C, exposures to temper-
atures of 10-12° C usually prove rapidly lethal to most larvae. The stonefly adults
emerge indeed in most parts of the world in the coldest part of the year. The fila-
mentous gills on the neck, prosternum and coxae are poorly developed when
compared to those of the larvae of the species that are exclusively characteristic of the
upper reaches of the forest-zone on mountains. The larvae are mostly phytophagous
and feed on the algal slime on the submerged stones on which they occur. In many
species carnivorous habits have, however, been observed and the larvae predate on
the larvae of other aquatic insects, particularly Chironomidae, Hydracarina and
also on mayfly larvae. The larvae of some species are undoubtedly omnivorous.
Hibernation during the winter takes places mostly in the second larval instar, but
nearly every developmental stage has the capacity to pass into a dormant condition
if unfavourable conditions make it necessary. Though some species complete a
generation within a single year, especially immediately above the forest-line on the
south slopes of the mountains of east-west trend like the Alps and the Himalaya,
most species require two or even three years to complete a single generation. We do
not, therefore, always come across the adults of all the species in any locality in the
summer. The subimago apparently waits for favourable conditions, ready to emerge
as adults for several days during the summer. The emergence of the adults takes
place late in the afternoon or also early in the evening and seems always to synchro-
nize with a lull in the wind. The adults are short-lived, but many of them seem to
survive longer than the mayflies. Except perhaps in the case of Rhabdiopteryx KLAPA-
LeK, the adult stoneflies do not feed. After mating, the adult females may be observed
crawling into the edges of the streams for egg-laying. The emergence of the adults is
followed by a most phenomenal increase of the dead stoneflies on snow-fields and
on the grassy meadows and by a marked addition to the food supplies for numerous
carrion feeders. The dead and dying stoneflies are largely devoured by swarms of
Collembola, Carabidae, Staphylinidae, Diptera and by birds.

The commonest stoneflies above the limits of the forest on mountains belong to
Chloroperla NEwMm., Capnia PICT., Nemoura LATR., Perlodes BANKS, etc. On the high
mountains of Middle Asia Perlodinella xLAPALEK takes the place of Perlodes BANKs.
On these mountains we also find Amphinemura r1s. Kyphopteryx KLAPALEK and
Rhabdiopteryx xLaPALEK flourish at elevations of 3300-3700m and s000m respectively
in the Mt. Everest arca of the Himalaya. Gripopteryx »icT. is characteristic of South
American mountains; the group is remarkable for the absence of true anastomosis of
wing veins and closely approximated fore coxae. Andiperla aus., Megandiperla ILLIES
and Apteryoperla WISLEY are unique in several respects. The former two are apterous
and lack ocelli and have semi-terrestrial larvae and are found in the southern
Andes (560, 561, 562, 563). The terrestrial habits of the larvae are correlated with the
extreme climatic conditions prevailing in the high Patagonia. Apteryoperla WiSLEY
is also apterous and occurs at an elevation of 2000 m on New Zealand Mountains.
Dictyopterygella recta kemp., D. septentrionis KLAP. and Acrynopteryx dovrensis MARTYN.
from the East Alps are believed to be boreo-alpine forms. Recent phyletic taxonomic
and biogeographical evidence seems to indicate that the Plecoptera came to be differ-
entiated on the Antarctic area or at least on a southern land mass (427 a). Further
reference to Plecoptera may be found in AUBERT (59), BERTRAND & AUBERT (120),
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BRINCK (152, 153), CASTEL (I0I), DESPAX (252), ERISON (380), JEWETT (591-593),
KAWAI (610), KIMMINS (614), SAMAL (915, 916) and WISLEY (1117).

ORDER 3. ORTHOPTERA

Though essentially a thermophile group typically characteristic of the hot deserts
of tropical and subtropical lowlands, it is remarkable that a great many different
types of Orthoptera have become completely adapted for life in the cold deserts,
both in the extreme north latitudes and at great elevations on high mountains in all
parts of the world. The literature on mountain Orthoptera is much scattered, but
the reader will find useful information in ADELUNG (7), ALEXANDER (19-23), ANDER
(45), BEI-BIENKO (99), CAVALHO & SOUTHWOOD (193), CHOPARD (209-2I1), EBNER
(201), FRUHSTOREER (390), GRABER (42I), HARZ (479b), HEBARD (486-488), MIRAM
(777), RAMME (854-857), REHN & GRANT (869), REHN & HEBARD (870), SCUDDER
(953), SJOSTEDT (981), STOLJAROV (1013), TARBINSKY (1028), UMNOV (1057), UVAROV
(1056-1075) and WALKER (1093, 1094). Even in the plains many Orthoptera, especially
the Acrididae, are preferably terricole forms and occur generally onloose and sandy
soils. On the high mountains they are exclusively geophiles and occur on the grassy
meadows and slopes. The Acridoidea are dominant but some very remarkable Tetti-
goniids are also found at high clevations. Widely distributed eurytypes, typical of
the forest and prairie, often ascend regularly to truly remarkable elevations on high
mountains in nearly all parts of the world. Most of the grasshoppers recorded so far
from high elevations on the equatorial East African mountains are indeed widely
distributed in the lowlands of East Africa and cannot therefore be strictly described as
true mountain autochthonous species. They are fundamentally lowland eclements that
have secondarily become hypsophile.

The grasshoppers commonly met with on high mountains belong to Acrydium
oLv., Bryodema ¥1es., Chorthippus FIEB., Podisma LATR., Aeropus GISTL., Gomphocerus
THUNB., Aeropedellus HEB., Xanthippus sauss., Melanoplus STAL, Dociostaurus FIEB.,
Gomphomastax BRUN., Conophyma zus., Hypernephia (Mt. Everest area of the Nepal
Himalaya), Dicranophyma uvarov (endemic on the Northwest Himalaya), Pamiracris
RAMME (endemic on the Pamirs), Sphingonotus ries. (Middle Asiatic mountains and
the Northwest Himalaya), Chrysochraon FiSCHER, Metrioptera WESM., etc. On the
Caucasus we find Acryptera serv., Nocarodes FISCHER DE WALDHEIM (on the alpine
meadows at elevations of 2700-2750 m), Schizonotinus RAMME, Poecilimon FISCHER,
Semenovites TARB., Decticus SERV., Polysarcus FIEB. (at elevations of 1800-3000 m),
Stenobothrus FISCHER, Meconema SERV., Olinthoscelis SERV., Mecostethus FIEB., etc. From
the North American mountains we have Nemotettix HANCOCK, Neotettix HANCOCK
(from the Appalachian Mountains), Tetrix LATR. (on the Cordilleran mountains
from Alaska southwards to the Californian Sierra Nevada), Paratettix BoL., Eumorsea
HEB., etc. also from the Cordilleran mountains. Psychomastax REHN & HEB. occurs
from sea-level to an elevation of about 3350 m on the Sierra Nevada in California.
Hyphinomos UVAROV is a tettigoniid, found at elevations of 4575-4880 m on the
Northwest Himalaya and in Tibet. Pezotettix BRUN. is characteristic of the mountains
of New Zealand. The typical Orthoptera from the southern Andes are Trimerotropis
STAL, Dichroplus stAL and Bufonacris WALKER.

The highest elevation at which specifically identified Orthoptera seem to flourish
and breed permanently is 4900 m on the Mt. Everest Massif. Dasynema UVAROV
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occurs in the same region at elevations of 4575-4880 m, but the nymphs of an
unidentified Acridid are also reported from the same area at an elevation of 5490 m;
this is at present the highest altitude record for the order in the world. Parasphena
BOL. occurs under stones at elevations of 4880 m on the alpine desert zone on Mt.
Kilimanjaro. Acrodectes philophagus REEN & HEB. occurs at an elevation of 4420 m on
Mt. Whitney. The socalled mormon-cricket Anabrus simplex HALD. is known at an
elevation of 3960 m on Colorado Mountains and the cave-cricket Ceuthophilus
alpinus scup. is reported above the timberline on Mt. Lincoln in Colorado. The
occurrence of certain Siberian forms, like Gomphocerus THUNB. and Podisma LATR.,
on high mountains is of considerable biogeographical interest. The whole of the
alpine grasshopper elements on the Middle Asiatic mountains are fundamentally
different from those of the European mountains. Podisma LATR. is replaced by the
superficially similar Conophyma zus. and it is believed by uvarov that these grass-
hoppers had already become widely distributed before the uplift of the mountains
began, on which several characteristic species now occur. Aeropedellus variegatus
FISCHER DE WALDHEIM and Podisma frigida BOH. are boreo-alpine species found on the
Altai, the southern European mountains and in Alaska (vide Chapter XII). In addition
to these socalled resident types, ALEXANDER (19, 22) has drawn attention to the
interesting fact that a number of typical lowland species like Melanoplus mexicanus
mexicanus (SAUSS.) are often accidental visitors at high elevations on mountains and
do not really breed above the forest-line. We have, for example, an interesting
record of Locusta migratoria danica (LINN.) at an elevation of 4270-4575 m on the north
side of the Mt. Everest Massif on the Himalaya.

The true high altitude grasshoppers are mostly flightless or they have more or less
reduced wings or they are also totally apterous. Podisma LATR.,Bryodema F1es., Cono-
phyma zuB., etc. are, for example, apterous at high elevations. scorT (950) has made
the interesting observation that the grasshoppers found at elevations of 3200-3400 m
on the Gughé Highlands of Abyssinia are also brachypterous and quite incapable of
flight. The truly hypsobiont Orthoptera represent as a whole a small fraction of the
high altitude insect life and constitute only about 3% of the total number of species
of all orders even on the Himalaya (730). Nocturnal Orthoptera like Gryllidae are
absent in the alpine zones of high mountains and all the mountain autochthonous
species are completely diurnal at high elevations.

The greatest majority of the species occur on grassy meadows, but some are found
even on the stony ground. Hibernation of the true hypsobiont Orthoptera takes
place in the egg stage in soil, usually at depths of about 10-20 cm, under the winter
snow-cover and usually lasts from September to the end of May or sometimes even
early June, depending on diverse local conditions. After the winter snow has melted,
the young nymphs hatch and remain active only during the hours of bright sunshine
and mass assemblages of the nymphs may sometimes be observed on warm rock-
surface, absorbing the warmth that is being radiated away. On becoming sufficiently
warmed up, they scatter and begin feeding. The adults emerge after about the middle
of August, but sometimes early in September. Most usually, however, by the
beginning of September the eggs have in most cases been laid underground and the
adults have already disappeared nearly completely.
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ORDER 4. DERMAPTERA

Although other subfamilies also occur at high elevations, the Anechurinae are
without doubt the dominant Dermaptera on most high mountains. The Anechurinae
differ from the rest of the Dermaptera in their broad and transverse mesosternal and
metasternal plates, dilated abdomen and in the curiously curved forceps. Anechura
scup. (fig. 28) has characteristically short elytra, with parallel sides and the wings are
greatly abbreviated. Other Dermaptera from high mountains are also more or less
conspicuously apterous or at any rate flightless. Forficula sjostedri BURR, found at
elevations of 1970-3970 m on Mt. Kilimanjaro and Mt. Meru, is flightless.

Fig. 28. High altitude Dermaptera. A. Anechura himalayana saNtoxH, B. Himanechura
lahaulensis sANTOXH and D. Anechura bipunctata ¥aB. from the Himalaya; C. Fotficula
triangulata, micrapterous from Mt. Kilimanjaro.

All the hypsobiont forms are pronouncedly hygrophiles and without exception
occur under stones, deeply sunk boulder, etc. in the immediate neighbourhood of
streams and the edge of snow. Both as nymphs and as adults they are predominantly
debris feeders or sometimes also predators; some species feed on the roots of plants.
Cannibalism is not infrequent among them. Both the nymphs and the adults spend
most of their time under stones and are generally associated with Carabidae. Some
widely distributed lowland forms like Forficula LINN., Pygidicrana serv., Anisolabis
FIEB., Gonolabis BURR, Apterygida westw., Chaetospinia KRARSCH, Opisthospinia KARSCH,
etc. often occur at great elevations. Forficula LINN. ascends, for example, up to
elevations of 4300 m on Mt. Kilimanjaro and Mt. Meru. Forficula cavallii BOR.,
found at an elevation of 4880 m on Mt. Kilimanjaro, represents at present the highest
altitude record for Dermaptera in the world (517). Forficula sjostedti is widely distri-
buted in the lowlands of Kenya, Tanganyika, the former Belgian Congo and other
areas and becomes increasingly abundant at higher elevations on Mt. Kilimanjaro and
Mt. Meru. Anechura scup. is found in the subalpine and alpine zones of the Alps,
Caucasus, Middle Asiatic mountains and on the Himalaya. The genus Lithinus BURR
is endemic on the Spanish Sierra Nevada and occurs at elevations between 2400 and
2900 m.
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ORDER §. GRYLLOBLATTODEA

The Grylloblattids or the socalled alpine rock-crawlers occur at elevations of
1000-3000 m on the mountains of Japan and North America. Grylloblatta WALKER,
apterous, occurs under stones often near snow, with microclimatic temperature of
about 1.1° C, especially on moist northern slopes, in the subalpine and alpine zones.
Reference may also be made to pLeTSCH (838) and craPMAN (201) for further accounts
on these insects.

ORDER 6. HETEROPTERA

The Heteroptera are minor elements in the high altitude ecosystem and do not
usually exceed 2%, of the total hypsobiont and hypsophile insects on most of the
principal mountain systems of the world. Miridae, Lygaeidae, Pentatomidae and
Saldidae are the families most frequently met with above the upper limits of the
forest. Being essentially a pronounced thermophile group of insects, with the optimal
temperatures lying above 10-12° C, exceedingly few species appear to have adapted
for permanent colonization at high elevations. The shortening of the summer at
high elevations in the temperate latitudes and the daily nocturnal frosts on the
tropical mountains are perhaps the most decisive limiting factors for the order.

The commonest hypsobiont Heteroptera are Nysius DALL. and Chlamydatus
curTis. The greatest bulk of the hypsobiont bugs are found on grassy meadows, but
many species occur also in typically semi-arid localities. Both the nymphs and the
adults of most species occur under stones or under the low-matted vegetation on the
ground. While aquatic bugs are common enough among the lowland Heteroptera,
they are relatively extremely sparse at high elevations. Even the typically aquatic
groups of the lowlands have become adapted at high altitudes for semi-aquatic mode
of life on or under moss and stone at the edge of streams. The life-cycle is completed
in about 6-8 wecks and there is but a single generation. The hibernating adults
become active in late spring or early summer and the later instars succeed each other
more rapidly than the earlier one. In addition to the strictly mountain autochthonous
hypsobiont bugs, certain interesting lowland types seem to have evolved relatively
recently into secondary high altitude forms. Purely non-montane types like Corio-
meris WesTw. (Coreidae) often occur at extreme elevations of 5000 m near the Mt.
Everest region of the Himalaya. The dominant hypsobiont Miridae include Chlarny-
datus curTis, Macroplax Fies. (at elevations of 2500-3350 m on the Spanish Sierra
Nevada), Stenodema Lap. (Pamirs), Dicyphus F1EB. (Pamirs, Northwest Himalaya and
the Spanish Sierra Nevada), Myrmecophyes Fies. (Pamirs and the Tien Shan), Ischnoco-
ris FIEB. (2600-3200 m on the Spanish Sierra Nevada), Parahypsitylus FIEB. (2500-2600
m on the Spanish Sierra Nevada), Systellonotus F1eB. (2600 m on the Alps and the
Spanish Sierra Nevada), etc. To the Lygaeidae belong Apterola MmuLsant, Microplax
FIEB., Geocoris FALL., Nysius DALL., Trapezonotus FIEB., Emblethis FIEB. Dolmacoris
HUTCHINSON (fig. 49), Lamprodema FiEB., etc. The Pentatomidae include Dolycoris
STAL., Phimodera cerm. (fig. 49), Eurydema stAL., Carbula stAL., Acanthosoma CUR-
IS, etc. Some interesting Coreidae like Sticfopleurus sTAL occur at very high
elevations on the Himalaya. There are also a number of extremely interesting
endemic mountain autochthonous genera like Phimodera GerM., Dolmacoris
HUTCHINSON, Tibetocoris HUTCHINSON, etc. from the Northwest Himalaya. KIrIT-
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SHENKO (617, 618) has published an interesting list of the endemic mountain genera
from Middle Asia, of which Mimula jax., Pheocoris JAK., Mormidella HORV., etc.
are the more important. Arctocorisa carinata SAHLB. and Glaenocorisa cavifrons THOMS.
are boreo-alpine elements that occur on the mountains of Central and southern
Europe. Most species occur up to a maximum of 2500~3000 m, but some flourish
even at an elevation of 4000 m and a few others exist at 5000 m. Tibetocoris margaretae
HUTCHINSON occurs, for example, at elevations of 5000 m on the Northwest Hima-
laya. Chiloxanthus REUTER occurs at elevations of 4300 m on the Pamirs and on the
Northwest Himalaya. It may be remarked that only terricole types ascend up to an
elevation of 2600 m and above. Although the atmospheric temperatures may
fluctuate over 20° C at elevations of 2000-2500 m, the ground temperature fluctu-
ations are never more than 3-4° C that of the air in the localities in which the Heter-
optera abound. For further accounts of high altitude and high boreal Heteroptera
reference may be made to VAN DUZEE (289), HOFEMANNER ($24), KIRITSHENKO
615-620), OSHANIN (804), REUTER (882) and WAGNER (1090).

ORDER 7. COLEOPTERA

Coleoptera are the most important mountain autochthonous hypsobiont insects
in all parts of the world. On the immense Alpine-Himalayan System of Tertiary
mountains they amount to almost half the total number of insects that have colonized
the biome above the forest-line and they are also the dominant insects on the Ameri-
can Cordilleran System. Although about 20 families have so far been found at high
elevations on different mountains, Carabidae, Dytiscidae, Staphylinidae, Histeridae,
Tenebrionidae, some Chrysomelidae and Curculionidae are among the character
forms of most mountain regions. Interesting examples of Hydrophilidae, Byrrhidae,
Silphidae, Dryopidae, Coccinellidae and Scarabaeoidea are also often found at very
high elevations. The percentage abundance of species of different families is summa-
rized in table 15.

The greatest majority of the hypsobiont Coleoptera are true geophiles or geobionts
that occur under stones, in cavities under deeply sunk boulders, in rock crevices and
in the soil, in the vicinity of streams, ponds, lakes and the edge of melting snow.
Debris feeders, carrion feeders and predators outdominate the other types and
strictly phytophagous species are extremely scarce at higher elevations. The following
ecological analysis of the hypsobiont Coleoptera is based on the records from
nearly all the principal mountain ranges of the world (Table 16).

The greatest bulk of the mountain autochthonous hypsobiont species are confined
exclusively to the zone above the forest-line and only a small number of them
occur within the upper reaches of the coniferous-forest zone and extremely few
species descend to the foot of the mountain. Exceedingly few species, which are
widely distributed in the surrounding lowlands, occur above the forest zone on
mountains. Cychrus rostratus LINN., Byrthus fasciatus rOrst., Chrysomela marginata LINN.,
etc. extend, for example, from relatively low elevations to nearly the permanent
snowline. The typically lowland Carabus violaceus LINN., C. convexus EABR., Cychrus
rostratus LINN. and Chrysomela marginata LINN. have developed distinctive local
subspecies on high mountains. These local subspecies are characteristically smaller in
size than the typical lowland races. This is, for example, readily observed in the case
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TABLE I§

The percer*age abundance of different
families of Coleoptera at high altitudes

Family Percentage of species
in total Coleoptera
above the forest-line

Cicindelidae 0.0§

Carabidae $4.00

Paussidae 0.10

Amphizoidae 0.05

Dytiscidae 2.00

Silphidae 1.00

Staphylinidae 16.00

Histeridae 0.40

Hydrophilidae 2.00

Coccinellidae 1.50

Byrrhidae 1.00

Dryopidae 0.05

Elateridae 0.10

Meloidae 0.10

Tenebrionidae 10.50

Chrysomelidae 2.00

Curculionidae 7.00

Scarabaeoidea 3.00

TABLE 16

Percentage analysis of the ecological types of hypsobiont Coleoptera

107

Ecological groups

Percentage in total
hypsobiont Coleoptera

Transitional

Endogeous (including hypolithion)
Phytophile

Terricole (on open ground)
Aquatic (stagnant water)
Aquatic (rheophile or rheobiont)
Xerophile or xeroxene
Cryophile or cryobiont
Thermophile

Hygrophile or hygrobiont
Phytophagous

Predators, carrion feeders, debris feeders etc.

1.0
80.0
15.0

0.5

5.0

2.0

1.0

99.0

97.0
10.0
85.0
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of Cychrus rostratus pygmaeus CHAUD. from the Alps and the Carpathians, when
compared to the typical lowland C. r. rostratus LINN. Carabus violaceus neesi HopP
from the high-alpine zone of the Tyrolean Alps and Kirnten is also smaller than the
typical form from the lowlands. Unlike Orthoptera, the number of widely distribu-
ted lowland forms occurring at high elevations is, however, exceedingly small
among the Coleoptera. Most species occur at elevations between 2500 and 4000 m
and the highest altitude record for the Coleoptera is at present 5600 m. The total
number of strictly mountain autochthonous hypsobiont Coleoptera so far described
from the world is probably about 8000 species. As may be expected, the literature on
mountain Coleoptera is very extensive and it is not possible to review even a small
fraction of the papers, containing records and descriptions and notes on distribution
and ecology of species from different parts of the world. The reader will, however,
find valuable material for further work in ALLUAUD (30-35), AMANN & KNABL
(44), ANDREWES (47-50), APEELBECK (53), ARROW ($6), AUSTIN & LECONTE (65), BASI-
LEWSKY (86-88), BATES, F. (89-90), BATES, H. W. (99-93), BLAIR (I33-I35), BREUNING
150), DARLINGTON (234), EDWARDS (29$-301I), ESPANOL (323), FAIRMAIRE (327-328),
FRANZ (367, 372), FRIDEN (386), GRIDELLI (430-432), HEER (492, 494), HOLZEL (520),
HOLDHAUS (525, 527, $32), HOLDHAUS & DEUBEL (536), JEANNEL (§74-590), KRYZHA~
NOVSKII (659-661), LINDBERG (693,604), LINDROTH (698-702), LUTSCHNIK (714),
MANDL (723), MANI & SANTOKH (734), MATEU (745, 746), MEDVEDEV (755, 756), NETO-
LITSKY (780-791), DE PEYERIMHOFE (832, 833), pIC (835), REINIG (871, 874, 877),
ROUDIER (903, 904), SCHONMANN (932), SCHUSTER (941), WORNDLE (112I) YABLAKOV-
KHNZORYAN (1128) and others listed in the bibliography.

Family Carabidae

The Carabidae represent almost 55% of the total hypsobiont Coleoptera on the
high mountains of the world. The family is also remarkable for flourishing at much
higher elevations on mountains and in the high boreal latitudes at sea-level than
any other Coleoptera. Carabus LINN. is, for example, represented within the Arctic
Circle by many species like C. polaris poppIUS in Asia, C. truncaticollis EscH. and
C. vietinghoffi Ap. in North America. Nebtia LATR. is also commonly found on snow
and ice on the Alps, the Himalaya, in the Arctic Alaska, Spitzbergen, Iceland and in
Greenland. The lowland forest-zone Carabidae are often arboreal, but the mountain
autochthonous species are almost exclusively terricole and live under stones, in moss,
etc. The tropical species often fly, but the mountain Carabidae and the Carabidae
from the temperate-zone lowlands rarely if ever take to their wings. The greatest
majority of the hypsobiont Carabidae are small or minute forms, with a compact
body of a mean length of about 2 mm. They are either subapterous or completely
apterous. Even the few species with more or less developed wings never fly on the
high mountains and when thrown into the air, they merely spread their elytra and
soon fall to the ground. Almost without exception, the hypsobiont species are in-
habitants of moist or damp localities, moss and subterranean cavities under large
boulders, edges of glacial streams, lakes and melting snow. Although most species
are predatory, many carrion-feeding forms are also known. Nearly all the species
visit the snow-fields either for capturing their prey or for feeding on the wind-
blown dead organic matter.

The Bembidine tribe Anillini are among the smallest Coleoptera, hardly 1-2 mm
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long, completely flightless, with the compound eyes entirely atrophied or at’any
rate greatly reduced. The body is generally pale yellowish. They are subterranean
and live under deeply sunk boulders or inside fissures in rock and damp soil. On most
mountain ranges in the northern hemisphere, they seem to prefer the north slope to
the south slope. Being endogeous, their antennae, palpi and legs are short, in sharp
contrast to the caverniculous species that have long appendages to serve as tactile
organs in the prevailing darkness. The Anillini are believed by competent authorities
to have differentiated on the Gondwana landmass. The Trechinae, which are among
the dominant Carabidae at high elevations, are considered by JEANNEL as a separate
family Trechidae. They include swift-running species, 3-8 mm long and usually
occur at the edge of snow and are all flightless or also have their wings more or less
reduced. Important contributions to our knowledge of the mountain autochthonous
hypsobiont Trechini are those of SCHONMANN (932), JEANNEL (575, 577, 578, 579,
580, 581, 583, 585, 589, 590), FRANZ (367), SCHWEIGER (944), etc. The tribes commonly
met with at high elevations, often at the snow-edge on different mountains, include
Carabini, Nebrini, Notiophilini, Loricerini, Scaritini, Omophronini, Broscini,
Bembidiini, Trechini, Pterostichini, Amarini, Harpalini, Licini, Abacetini, Chlaenini,
Lebiini, Brachini and Dryptini. To the typical hypsobiont Carabidae belong Cychrus
FABR., Procerus DEJ., Carabus LINN. with a number of subgenera like Chrysotribax
REITT., Platycarabus MOR., Pseudocechenus MOR., etc., Orinocarabus Kr., Carpathophilus
REITT., Leistus FROL. with the subgenera Oreobius DAN. and Leistidius DAN., Nebria
LATR. with the subgenera Nebriola DaN. and Oreonebria DAN., Dyschirius BON., Bembi-
dion LATR. with numerous subgenera, Scotodipnus SCHAUM, Anillus puv., Trechus
CLAIRV., Anophthalmus sturm, Licinus LATR. with the subgenus Neorescius BED.,
Zabrus cLAIRV., Amara BON. with the subgenera Leiromorpha coLs. and Leirides
PUTZ., Percus BON., Molops BON., Pterostichus BoN. with the subgenera Tapinopterus
SCHAUM., Pseudorthomus CHAUD., Orites SCHAUM., Cryobius CHAUD., Oreophilus
CHAUD., etc., Agonum BON., Platynus BON., Metabletus sCHM.-GOEB., Cymindis LATR.,
Drypta LATR., Brachynus wWeB., Calosoma WEB., etc. Oreonebria DAN. occurs at the snow-
edge on the Alps; FOCARILE (351) has recently given an account of the cryotropism in
this genus. The subgenus Spelaeonebria PEYER. of Nebria BON. is remarkable for its
minute eyes, elongated antennae and legs. It occurs in caves on the Atlas Mountains.
Cryobius cHAUD. occurs on the mountains of Angar-Beringea and also in Alaska-
Yukon Territory. Calathus BON. extends as far south as the Ethiopian Highlands,
where it is represented by about 17 endemic species, but there are no species further
south on the East African mountains. The blind Scotodipnus sceauM, Kenyacus
ALLUAUD, Plocamotrechus JEANNEL, the apterous subgenus Carabomorphus KOLBE of
Calosoma weBER and Orinophonus ALLUAUD are characteristic of the tropical East
African mountains. Plocamotrechus JEANNEL is absent from the East African lowlands
and is confined to the mountains of the eastern and western branches of the Rift
Valley System. Chaetobroscus SEM. is endemic to the Northwest Himalaya. Pelmetellus
BATES occurs on the Andes and on the mountains of Arizona and New Mexico. The
genus Colpodes M.L. is represented by numerous species on the Andes. Mention
may also be made of the extremely interesting Carabid Macranillus coecus SHARP,
with reduced and unpigmented eyes and lacking distinct facetting, from the Hawaiian
Mountains. From the same mountains (elevation of 2750 m), are also known the
apterous Proterhinid Carabids, 1.5 to 5.5 mm long, with weakly beak-like head in
the male and pronouncedly beak-like head in the female. Mecyclothorax sarp and
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Thriscothorax SHARP are other Carabids recorded at elevations of 2760-3000 m on the
Hawaiian Mountains. Many mountain Carabidae like the subgenus Cechenus
FISCHER of Carabus LINN., Pseudocechenus MOR., Platycarabus MOR., Platynus BON., etc.
have a depressed body. Some very unique Carabidae like Merizodus soLer, Miga-
dops WATERH., Pseudomigadops JEANNEL, Metius CURT. and Abropus WATERH, are
reported from the southern Andes.

Family Paussidae

Although a number of species of ants occur at fairly high elevations on nearly all
the principal mountains of the world, the myrmecophilous Paussidae have so far been
recorded only from the alpine zone of the Abyssinian Highlands. It is also interesting
to observe that, though abundant in the alpine zone, Paussidae are absent in the
subalpine zone in the region (950, 9571). '

Family Amphizoidae

This family is characteristic of cold streams of North America, parts of Tibet and
the Northwest Himalaya (1080). The adult beetles do not swim and their legs are
not also modified into the typically natatory appendages that we find among the
Dytiscidae. There is at present a single genus Amphizoa 1EC., the species of which
live under submerged stones. The family is considered to be a relict group (295, 297).

Family Dytiscidae

Although widely distributed in the plains in most parts of the world, the family
is fairly abundant in cold-water ponds amid ice and glaciers. The species seem to
prefer torrential streams at high elevations and become sparse in stagnant waters
with increase in elevation. The common mountain autochthonous hypsobiont
species belong to the genera Dytiscus LINN., Agabus LEACH, Rhantus LAC., Laccophilus
eacH, Coelambus tHOMS., Gyrodytes sEIDL., Cybister CURT., Deronectes sHARP and
Potarmonectes ZIMMERMANN. Some of the species are known to occur at extreme high
elevations on the Himalaya.

Families Silphidae and Scydmaenidae

The hypsobiont mountain autochthonous species from the Alps and other Tertiary
mountains include the blind BathysciascHIODTE, Pteroloma GYLL. and Leptoderus SCHMIDT
(Silphidae), Neuraphes THOMS., Stenichnus THOMS. and Leptomastax p1r.(Scydmaenidae).
The specis occeur mostly under stones and are nearly always debris feeders or carrion
feeders. Some species are predatory on Acarina. Among the Silphidae many blind
cavernicolous species are also known. Rybinskiella REITT. occurs on the Carpathians,
the Tien Shan and the Northwest Himalaya.

Families Staphylinidae and Pselaphidae

The Staphylinidae are a large family of elongate, slender geophile beetles, with
greatly abbreviated and truncated elytra, leaving the 7-8th segments of abdomen
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exposed. Both larvae and adults feed on diverse decaying vegetable or animal maitter
and on fungi, but many are also predaceous. The Aleocharinae are mostly predatory
forms. The bulk of the high altitude species are black or very dark reddish-brown
and are also conspicuously densely clothed with hair-like setae. Nearly all the high
altitude species are also apterous and in any case none of them ever takes to wings.
All are pronounced hygrophiles and occur typically under stones, on moss and in
decaying organic matter near the edge of the melting winter snow. A number of
species frequent the snow-fields for foraging. Like Carabidae, the Staphylinidae also
occur at extreme elevations, in the immediate vicinity of snow and ice. Staphylinidae
are abundant on all principal mountains of the world and extend north up to the
70 parallel. The highest altitude record for Coleoptera in the world is at present held
by the Staphylinid Atheta (Dimetrota) hutchinsoni cam. that occurs at an elevation of
5600 m on the Himalaya. A number of species which are really typical of the upper
reaches of the high coniferous forest zone regularly ascend to the subalpine and éven
to the alpine zones both on the Alps and on the Himalaya. The great bulk of species
at high elevations, above the forest-line, belong to Atheta THOMS., Aleochara Gr.,
Geodromicus RDT., Lesteva LATR., Ocyusa KRAUSS, Oxypoda MANNERH., Philonthus
CURT., Tachinus GRr., etc. Others belong to the genera Anthobium stepH., Anthophagus
GR., Niphetodes MiLL., Lathrobium Gr. with the subgenus Typholinus suare, Staphylinus
LINN., Quedius STEPH., Leptusa KR., etc. The cavernicole Paraleptusa pEYERH. and
Apteraphaenops JEANNEL from the Atlas may also be mentioned in this connection.
Amaurops FAIRM., Bythinus LEACH, PselaphusHBST., etc. are all apterous and represent
the more important high altitude Pselaphidae. Descriptions of high altitude Staphy-
linidae may be found in ABSOLON (3), BERNHAUER (112, 113), FAUVEL (335), GRIDELLI
(430), JARRIGE (573) and others listed in the bibliography.

Family Histeridae

Histeridae are small or medium-sized, mostly semi-flattened beetles, which are
predatory both as larvae and as adults, but sometimes also feed on organic debris.
While the greatest bulk of the species are typically thermophiles, some interesting
forms are characteristic of the temperate regions. The family is represented by some
remarkable species of Hister LINN. at elevations above 3000 m on the Northwest
Himalaya (730).

Family Hydrophilidae

The Hydrophilidae are perhaps most abundant in temperate latitudes, but a
number of interesting species occur even well within the Arctic Circle. The moun-
tain autochthonous hypsobiont species are aquatic and breed most usually in melt-
water torrents and only sometimes in glacial lakes at the edge of ice and snow. Some
typically high altitude forms are, however, semi-aquatic and live on moss, under
stones and other similar situations at the snow-edge. The most widely distributed
mountain forms belong to Helophorus raBr. Diverse species of this genus occur in
sulphur and hot springs at elevations of 5400 m on the Northwest Himalaya. H. gla-
cialis VILLA. is a typical glacier-zone species from the Alps. The widely distributed
lowland Hydrous paHL sometimes occurs above the forest-line on the Himalaya. The
sulphur spings, in which the Hydrophilidae occur on the Himalaya, have a temper-
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ature of 24-27° C and contain considerable amounts of dissolved hiydrogen sulphide.
Though most species are confined to fresh water, some occur even in distinctly
brackish waters in the Tibetan Plateau (277).

Family Byrrhidae

The Byrrhidae are a widely distributed group that occurs also in the arctic latitudes.
The larvae of the mountain autochthonous species feed mostly on moss, but some
are also predators. On high mountains, the family is confined to the edges of streams
and ponds and melting snow. Simplocaria stepH. and Byrrhus LINN. are the common
forms in the subalpine and alpine zones. Carpathobyrrhulus cevs. is characteristic of
the North and East Carpathians. Simplocaria metallica sTuRM is a boreo-alpine species
(vide Chapter XII).

Family Dryopidae

The often characteristically flattened larvae and adults of Dryopidae may be found
attached to submerged stones and plants in mountain torrents. The larvae have a
curiously shaped lateral expansion on each segment, well developed antennae and
legs and posterior gills. They are predominantly phytophagous. Psephenus HALD.,
with its characteristic trilobite-like larvae, occurs in Himalayan rivers and glacial
streams. The larvae are anchored to the submerged stones with so much force that
it is not possible to dislodge them without crushing their bodies. Other members
belong to Dryops oLiv. Helmis LATR. occurs in Fennoscandian mountain streams.
The species generally occur up to the subalpine zone and are abundant immediately
above the forest-line.

Family Tenebrionidae

The Tenebrionidae are an important group of high altitude beetles, especially on
the Tertiary mountains. The greatest bulk of the Tertiary mountain Tenebrionidae
belong to endemic genera. Most species occur at elevations of 3000-3800 m, but
some species ascend to much higher elevations. Blaps FABR. occurs, for example, at
an elevation of 5000 m and Ascelosodis REDTB. at elevations of 4400-5600 m on the
Himalaya. The highest altitude record for the family in the world is 5600 m. Most
hypsobiont species are black or very dark brown and are almost all pronounced
hygropbhiles, concentrated near the edge of streams and snow-fields. On the Himalaya
they are less conspicuous on the steeper southern slopes than on the more gentle
northern slopes of the ranges. They occur under stones and feed on moss and diverse
other debris. The high altitude species of the family have been studied intensively by
anumber of workers like BLAIR (133, 134, 135), GRIDELLI (431) and REINIG (871, 874,
877). Some of the more interesting and outstanding facts of the ecology and bio-
geography of the mountain autochthonous Tenebrionidae are described in the
chapter on the Pamirs (vide Chapter X). Of the characteristic mountain autochtho-
nous hypsobiont genera, mention may be made of Itagonia REITT., Prosodes ESCHTZ.,
Blaps ¥aBR., Platyscelis LATR., Bioramix BATES, Trichomyatis REINIG, Trichoplatyscelis
REINIG, Myatis BATES, Ascelosodis REDTB., Scythis scHAUM, Chianalus BATES, Cyphogenia
SOL., Syachis BATES, Laena LATR., Asida LATR., Pimelia FABR., Heliopathes MULs.,
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Phylan stepH., Micrositus MULS., Opatrum FABR., Gnaptorina REITT., Epipedonota soL.,
Nyctelia LATR., Scotobius GERM., Emmallodera sOL., Praocis ESCHTZ., etc. Most of these
are typical endemics on well known mountain systems and often on single massifs
of a mountain range. Phrynacolus LAC. occurs in the alpine zone of the East African
mountains. Epipedonota soL. is dominant on the Andes, between 36° and 48° SL.
The remarkable endemic genera Nyctelia LATR., Scotobius GErM., Emmallodera sor.,
Praocis ESCHTZ., etc. are characteristic of the Patagonian steppes-zone of the southern
Andes. Parahelops wat. and Hydromedion WAT. are confined to the southern Andes.
There are a number of endemic high altitude Tenebrionidae on the Spanish Sierra
Nevada also (vide Chapter XIII). Oxycara sov. and Trichopedius BeDEL have endemic
species on the mountains of Cape Verde Islands. Przewalskia sem. is endemic to the
Tibetan Plateau.

Family Chrysomelidae and Anthribidae

This predominantly phytophagous group of beetles occurs at relatively high
elevations on some of the principal mountains of the world. In all cases, the species
are apterous and occur under stones. The bulk of the mountain autochthonous
species occur immediately above the forest-line, but a number of them are found at
elevations above 3900 m. Apaksha himalayensis MAULIK, an endemic apterous species,
occurs at an elevation of 3500 m and Chaetocnema alticola MAULIK at an elevation of
4575 m on the Himalaya. There are two other interesting endemic hypsobiont
Chrysomelidae from the Himalaya, viz. Swargia nila MAULIK at an elevation of 4880 m
and Shaira krishna MAULIK at elevations of 4200-4575 m. The highest altitude record
for the family in the world at present is 4880 m in the Mt. Everest area (Swargia nila
MAULIK). Mention must also be made of the records of apterous Galerucids from the
upper levels of the forest-zone on Mt. Kilimanjaro. Sjdstedtinia wsk. is an endemic
genus, found at elevations between 3000 and 3500 m on Mt. Kilimanjaro. Longi-
tarsus LATR. occurs in soil communities at an elevation of 4270 m on the same moun-
tain. Other hypsobiont Chrysomelidae include species of Chrysomela LiNN., Orina
MoTscH., GynandrophthalmaLac. (3400 m on the Trans-Alai Mountains), Entomoscelis
cHEVR. and Gastroidea HOPE at 3100 m from the Pamirs Region, Galeruca GEOFFR. at
4050 m from the Pamirs, Leptosonyx WsE. from the Pamirs, Siberia, Caucasus and the
Himalaya, Haltica GEOFFR., Merista CHAP., Plagiodera REDT. at 3200-4000 m on the
Himalaya, Podagrica FOUDR. and Phyfodecra x1rBY on the Himalaya. Chrysomela
crassicornis HELLIES and Phytodecta affinis GYLL. are boreo-alpine species (vide Chapter
XI1).

Family Curculionidae and Anthribidae

The mountain autochthonous curculionids belong mostly to the genera Ofiorrhyn-
chus GERM., Blosyrodes JEKEL, Catapionus SCHONH., Polydrosus GERM., Thylacites GERM.
Bathynoderes sSCHONH., Lepyrus GERM., Dorytomus STEPH., Pissodes GERM., Orestia GERM.,
Dhaenotherion Friv., Dichotrachelus stierL., Plinthus GERM., Neoplinthus BED., Liosoma
STEPH., Leptomias FAUST, Scepticus ROELOFES, etc. Some of the species occur at very
high elevations. Otiorrhynchus GErM. occurs, for example, at elevations of 3000-4200
m on the Pamirs, Heferonyx GUERIN-MEN. and Lagenolobus FAUST at elevations of
3500-4500 m on the Northwest Himalaya. A number of endemic forms are charac-



114 M. S. Mani—High Altitude Insects

teristic of the Pamirs, the Himalaya and of the Andes. Scepticus ROELOEFS occurs at
3200-4600 m on the Turkestan Mountains and also on the Altai Range. Helicorrhyn-
chus OLLIFE, related to Otiorrhynchus GERM., is endemic to the Andes and occurs at
clevations of 4757 m. The highest elevations at which the family has so far been
observed in the world is 4976 m; at this elevation Macropscoelorum OLLIFF occurs
on the Andes. Amathynetes OLLIFF is another endemic form from the Andes that
occurs at elevations between 3600 and 4800 m. Cylindrorhinus GUERIN-MEN., Adioristus
wAT. and Scotoeborus SCHONH. are dominant on the Andes between the 36th and
48th south parallel. The southern Andes are remarkable for a number of brachypterous
and apterous endemic forms like Listroderes scHONH. with the subgenera Antarcrobius
FAIRM., Puranius GERM., Falklandius ENDERL., Falklandiellus ENDERL., etc. Almost
without exception, the high altitude species of Curculionidae live under stones on
grassy meadows, near streams and close to the snow-edge. Nearly all the species are
either flightless or are completely apterous. Some like Troglorrhynchus scamipT are
blind caverniculous forms. A number of species of Otiorrhynchus GErM. and Barynotus
squamosus GERM. are boreo-alpine forms.

Other Families

The other families of Coleoptera occupy only a minor place above the forest-line
on mountains. Anthicidae have been recorded from stones at elevations of 4000-
5200 m on the Eastern Himalaya. Meloid beetles occur on the Himalaya and the
Pamirs at elevations of 3000-4600 m. Reference has already been made to the mass
assemblages of Coccinellidae on the Himalaya, Pamirs and other high mountains.
The Telephoridae Podabrus westw. and Absidia muts., found on the European
mountains, are interesting because of their boreo-alpine distribution. Elateridae like
Lacon CAST., Cardiophorus ESCH., Agriotes ESCH. have been recorded from the Pamirs
and Corymbites LATR. is a boreo-alpine element. A number of interesting Scarabaeoi-
dea have been observed at high elevations on the Himalaya and some other mountain
ranges. Copris GEOFFR., Aphodius 1LLIGER and Onthophagus LATR. are some of the
important Scarabaeids from the Himalaya and the Pamirs and species of these genera
are often found at elevations of about 3000 m. Taurocerastes PHIL. occurs on the
southern Andes.

ORDER 8. HYMENOPTERA

Although the high altitude Hymenoptera seem to have been inadequately in-
vestigated, it is nevertheless evident that these insects are but poorly represented
above the timberline on most mountains. The dominant high altitude Hymeno-
ptera are Bombidae and Formicidae, but several other families have also been spo-
radically found on different mountains. Sawflies have been described from the alpine
zones of the Scottish Mountains and also from the Swiss Alps. BENSON (103-107)
found Nematinae, closely related to the arctic forms, on the alpine zone of the
Swiss Alps. He collected a number of interesting species on. snow patches, at an
elevation of 2500 m near the Alpid du Zaté. According to him, the alpine meadows
are free from ants, but are on the other hand rich in Tenthredinidae. Dolerus aeneus
KLUG, one of the commonest West-European species, was observed by Benson (104,
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105) at an elevation of 2500 m. Nematus JUR., Amauronematus KONOW, Pristiphora
LATR., Arge SCHR., Aglaostigma KIRBY, Paracharactus MCGILL., etc. are some of the
Tenthredinids found by him up to elevations of 2750 m. Although some Ichneumo-
nid parasites of spiders and of Carabidae are sparsely found in the subalpine zone, the
dominant entomophagous parasitic insects above the forest-line on high mountains
are not, however, Hymenoptera, but Tachinidae (Diptera).

We have the following records from the Pamirs Region: Ammophila xireY, Tachy-
sphex xoHL, Crabro BABR. and Pompilus ABR. at elevations of about 3500-4200 m.
These are believed to be essentially the Turkestan steppe elements that have second-
arily colonized the high elevations and are not therefore in the true sense of the
term mountain autochthonous, though found at such high elevations. The Apoidea
from the Pamirs Region include Prosopis FABR. (3700-4200 m), Colletes LATR. (4200 m),
Andrena FABR. (3 500-3600 m), Nomada scop. (4100-4200 m), Xylocopa LATR. (3000 m),
Melecta LATR. (3400-3600 m), Osmia PANZ. (3500-4500 m), Chalicodoma LEPEL (4300
m), Megachile LATR. (3000-3900 m), Anthidium FABR. (3000-4000 m) Coelioxys LATR.
(3800-4200 m) and Anthophora LATR. (3500-4300 m). The typical mountain autoch-
thonous hypsobiont Bombidae have been extensively studied by voer (1084),
SKORIKOV (984) and REINIG (873). Some of the hypsobiont species have a typical
circumpolar distribution and are also peculiar to the Tertiary mountains. Sibirico-
bombus vocrt, Lapidariobombus voct, Subterraneobombus voet, Mendacibombus sxor.,
Mucidobombus skOR., Bombus LATR., Alpinobombus skor., etc. are the principal
mountain genera on the great Alpine-Himalayan Systems of Tertiary mountains.
Above the forest-line, the Formicidae are found exclusively under stones. The
common. species belong to Formica LINN., Cataglyphis ¥Orst., Camponotus MAYR,
Myrmica LATR., etc. Most of the species occur at elevations between 1500 and 3000 m,
but Formica (Serviformica) spp. have been found up to an elevation of 4100 m on the
Himalaya. F. (S.) picea NyL., found at an elevation of 4800 m on the Himalaya,
represents at present the highest altitude record for ants in the world.

ORDER 9. TRICHOPTERA

The greatest bulk of the mountain autochthonous Trichoptera are confined to the
altitude zone between 2500 and 4000 m, but some species of Pseudohalesus MARTYNOV
and Pseudostenophylax MarTYNOV flourish at elevations between 4600 and 4800 m on
the Himalaya. The highest altitude at which Trichoptera seem to exist is 5000 m on
the Himalaya. Apatania xor., Dolophilodes ULMER, Dinarthrum MCLACH., Agapetus
CURT., Brachycentrus CURT., Rhyacophila »ict., Oligoplectrodes MARTYNOV, etc. are
some of the more important hypsobiont types. The larvae of the high altitude
Trichoptera are found in the melt-water torrents, rivers and springs and they remain
anchored to the submerged stones near the margin. Rarely, some species seem to
prefer the quieter waters in these streams. The cases of the larvae, inhabiting the
torrents, are as a rule constructed of relatively heavy material, such as large-sized
stones and small pebbles and are on the whole compact and rigid. They are charac-
teristically flat beneath and conspicuously arched or also convex above in cross-
section. The adults emerge from mid summer to late summer on most mountains in
the northern hemisphere. Interesting accounts of the mountain Trichoptera may be
found in BRODSK11(160), ROSS (897, 808) and SCHMID (925).
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ORDER 10. LEPIDOPTERA

The typical mountain autochthonous hypsobiont Lepidoptera belong to Papilio-
nidae, Parnassiidac, Nymphalidae, Satyridae, Pieridae, Lycaenidae, Arctiidae,
Geometridae and Noctuoidea. Most high altitude species occur typically at elevations
between 2500 and 4000 m, but some interesting forms have been found even at
6000 m. A number of species habitually breed at elevations of 5000 m and do not
occur below 4000 m. It is only exceptionally that we find widely distributed lowland
forms, like Vanessa urticae LINN. and Papilio machaon LINN., at relatively high elevations
on various mountains. Localized subspecies and races are common on most high
mountains. The caterpillars of the high altitude species feed in most cases on the
subalpine and alpine-zone vegetation. Erebia DALM. feeds on grasses, but others like
Scoparia HAw. (Pyraloidea), Arctiidae, Callimorpha LATR., etc. feed on lichens.
Agrotis oL. is generally polyphagous. In nearly all cases, the caterpillars remain under
stones most of the time or inside rock crevices, and do not appear on the food plant
as is their habit near sea-level. The caterpillars have the remarkable habit of remaining
quiescent, without feeding and without pupating, for varying periods in the absence
of adequate snowfall. The caterpillars of most species are remarkably concentrated
near the snow-edge and are in many cases strictly confined to the snow-edge. Almost
without exception, all the high altitude species of Lepidoptera are diurnal, both as
larvae and as adults, including even the moths like Arctiidae, Geometridae and
Noctuoidea. Crepuscular and nocturnal forms are practically unknown at higher
elevations. The commonest Lepidoptera at high elevations are Parnassius LATR.,
Melitaea FABR., Argynnis FABR., Erebia DALM., Pieris scur., Colias FABR., Arctia
SCHR., Larentia TR., Eupithecia CUR., Gnophos TR., Dasydia Gu., Agrotis OL., Psodos TR,
Bryophila r., Hadena scHR., etc. Important contributions to our knowledge of the
high altitude Lepidoptera include those of ALPHERAKY (36-39), BARTEL (85), CARADAJA
(184), CARNELUTTI (187), EHRLICH (304), ELLER (308), EVANS (325), FAWCEIT (336),
FORSTER (3 59), FORSTER & ROSEN (361), GROSS (438-440), HOFFMANN ($523), HORMUZAKI
(543), HOVANITZ (544), KITSCHELT (625), KRZYWICKI (662), MELL (759), PETERSEN
(831), POBOLNY & MOUCHA (839), PRUFEER (846), REAKIRT (861), REBEL (862), REBEL &
ZERNY (863), RILEY (886, 887), RONDOU (804, 805), ROSEN (896), ROTHSCHILD (900,
90I), SHELJUZHRO (961 ), SPEYER (989), STAUDINGER (998, 999), TABUCHI (1026), WARREN
(1103), WNUROWSKY (1119) and WOJTUSIAK & NIESIOLOWSKI (1122).

Family Parnassiidae

The family Parnassiidae, characteristic of the high mountains of Europe, Asia
and North America and of the high north latitudes in these lands, is remarkable
for the high elevations at which the species are found. The family is recognized
by a number of distinctive characters. Two genera Hypermnestra MéN. and Par-
nassius LATR. are represented by a number of unique endemic species and sub-
species on different mountains. The latter genus is distinguished by a characteristic
horny anal pouch, extruded after copulation in the female. The wings are semi-
diaphanous. The larvae are gregarious, black coloured and conspicuously narrowed
at both ends. The majority of the species occur at elevations of 3000 to 4000 m, but
some very interesting forms are found even at an elevation of 6000 m on the Hima-
laya. There are several valuable contributions on the taxonomy and biogeography
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of the Parnassiidae and the more important works include those of AusTANT (61-63),
AVINOFF (67-70), BANG-HAAS (82, 83), BRYK (166-169), BRYK & EISNER (170), ELWES
(312), FAWCETT (336), OBERTHUR (798), SKINNER (982) and STAUDINGER & BANG-HAAS
( 1000).

P. apollo LINN. occurs in Spitzbergen and at an elevation of about 2000 m on the
mountains of southern and Central Europe™. It is considered by some workers tobe a
glacial relict, but others do not agree with this view (235, 1101). P. phoebus EABR. is
a boreo-alpine species that occurs on the Alps, the northern Urals, the Altai Moun-
tains, Tarbagatai, Sayanskii Range, the eastern Tien Shan Mountains, Mongolia,
Alaska, British Columbia and the North American Sierra Nevada. HERING (508) has
discussed the problem of subspecies of Parnassius LATR. on a morphological basis
(vide also Chapter IX).

Families Nymphalidae and Satyridae

The Nymphalidae-Satyridae complex are characteristic of high altitudes on most
Tertiary mountain systems, on which the species often occur at remarkably high
elevations. Except perhaps the East African equatorial mountains, most other high
mountains have distinctive endemic species of the complex. The common mountain
autochthonous forms belong to Precis HBN., Vanessa FABR., Erebia DALM., Melanargia
MEIG., Epinephele uBN., Saryrus LATR., Coenonympha HBN., Oeneis HBN., Argynnis
FABR., etc. Argyrophenga DOUBLEDAY, Heteronympha WALLENGREN, Xenica WESTW.,
Erebiola rEreD. and Percnodaimon BUTLER are peculiar to the high mountains of New
Zealand (1000-1900 m above mean sea-level). As recently shown by Gross (439, 440),
the high altitude Satyridae-Nymphalidae complex seems to have become differenti-
ated from the early Tertiary primary and the late Tertiary secondary centres. The
two major Tertiary centres of differentiation are Fennoscandia and the Angaran
area. The Nymphalidae appear to have had their focus of dispersal in the Angaran
area and the Satyridae in Fennoscandia. The West Palaearctic ancestral forms of the
Satyridae were already present in Fennoscandia during the early Tertiary and the
ancestors of the others were present in the East Palacarctic. The West Palacarctic
forms are believed to have disappeared during the Pleistocene. Faunal exchanges
during the late Tertiary and Quaternary were perhaps more intensive in the north
than in the south. Almost 50% of the present day Satyridac on the Turkestan
mountains are autochthonous, about 25% have had their origin in Asiatic Tertiary
area and 70% in the West Palacarctic Tertiary mountains. The Himalaya functioned
as an important dispersal centre throughout the Pleistocene; about 80% of the
present day Satyridae are autochthonous and 75%, are of Asiatic origin and therefore
autochthonous since the Tertiary. Only 16% are of West Palacarctic origin. The
Turkestan mountains and the Himalaya have been the scenes of differentiation of
mountain autochthonous species of Precis HBN., Vanessa FABR., Erebia DALM., Melanar-
gia MEIG., Epinephele HBN., Satyrus LATR., Coenonympha HBN., Oeneis HBN. and
Argynnis FABR. (fig. 44).

* PLANEIX (PLANEIX, P. 1965. Alexanor 4: 73-80) makes interesting observations on the
altitudinal distribution of this species.
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Farmily Pieridae

The Pieridac occur up to the snowline on most mountains. Aporia HBN., Pieris
SCHR., Buchlo¢ usN. and Colias FABR. are typical members at high altitudes. Colias
FABR. is restricted to the temperate and arctic regions and the whole of Eurasia and
North America (excluding most of India). A small number of species occur in. the
extreme north Africa and Abyssinia and on the East African mountains. The species
on the South American Andes belong to a distinct group, different from the species
from the Central American Cordilleran System and the rest of the world. The South
American mountain forms occur at elevations of 2440 m and descend to the sea-
level in Argentina-Chile and in Tierra del Fuego. There is considerable parallelism
in the dark and sober coloured species from the arctic north of North America and
Eurasia and the species from South America and southern South America. As recently
discussed by HOVANITZ (544), the small greenish-yellow species of the Ecuadorian
and Peruvian alpine-zones is reproduced phenotypically in the alpine meadows of the
North American Sierra Nevada, the Rocky Mountains, the Alps and the Himalaya.
The basic genetic stock of each of these groups seems to have been different. The
females of C. lesbia and C. dimera DBLD-HEWN. are whiter at higher elevations
than at lower on the Andes and this peculiarity is also met with in the Himalayan
species of Colias. Baltia MOORE is common on the Himalaya and on the Middle
Asiatic mountains. On the Himalaya, none of the species appear to descend below
an elevation of 3900 m and some species occur at elevations of about s000 m. The
species of Colias from the Himalaya and from the Andes are among the smallest in
the genus. Pontia FABR. occurs as high as 4300 m.

ORDER II. DIPTERA

The Diptera are among the dominant hypsobiont insects on nearly all the high
mountains in the world and also occur at the highest elevations. They are abundant
even at the highest altitude at which evidence of permanent existence of insect life
has been found;; they are, for example, quite common at elevations between 6000 and
6300 m on the Himalaya. The vast majority of the high altitude Diptera breed in
organic debris and are severely restricted to the snow-edge and to the immediate
vicinity of melt-water. A large number of them, especially at higher altitudes, are
carnivorous and active predators. We find a great predominance of Stratiomyiidae,
Empididae, Rhagionidae, Asilidae, Dolichopodidae, Calliphoridae, Anthomyiidae
and Tachinidae. Among the flower visiting insects on the high-alpine grassy
meadows, the Diptera stand next only to the Lepidoptera. Not only the Syrphidae,
but the adults of most other families also regularly visit flowers. Diptera become
active after the winter hibernation much earlier than most other groups and often
more than one generation is completed within the short summer. The literature on the
mountain autochthonous Diptera is very extensive, but the more important papers
include those of ALEXANDER (13-18), AUSTEN (64), BECKER (08), BERTRAND (114, 115),
BEZZI (122, 123), BISCHOFF (120-131), EDWARDS (293, 204), FRANZ (377), KOMARCK
(644, 645), LINDNER (697), etc. HACKMAN (457) has recently given an interesting
account of the brachypterous and apterous high altitude Diptera.
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Nematocera
Family Tipulidae

The Tipulidae are often represented by a number of remarkable endemic genera
and species above the forest-line on most high mountains. A number of subapterous
and even completely apterous species are also known on nearly all the high moun-
tains. Some of the species occur at extreme high elevations. The family has
been recorded from within goo km of the North Pole. Most of the subarctic and
hypsobiont species of Tipulids are exclusively hygrophiles and breed at the snow-
edge or close to the melt-water. The typical members belong to Tipula Linn., Cylin-
drotoma MAcCQ., Limonia MEIG., Pedicia LATR., Gonomyia MEIG., Cladura osT.-SACK.,
Molophilus curr., Pachyrhina MacQ., Dicranota zert. and Chionea DALM. (13-18). The
great bulk of the hypsobiont Tipulidae occur at elevations between 1200 and 3000 m,
but a number of species of Tipula LINN. occur on the Himalaya up to elevations of
5200 m

Family Bibionidae

The Bibionidace are robust flies, with stout, short legs and antennae and eyes
contiguous in the male. They are mostly black, yellow or orange and have a heavy
arched torax. The larvae feed in decaying vegetable matter at the edge of the melting
snow or springs and torrents, under stones at the snow-edge and other similar
situations. The family is widely distributed on most high mountains and extends
also right into the Arctic Circle. Bibio eoFFR. and Plecia WiED. contain all the typical
mountain autochthonous species.

Family Blepharoceridae

The Blepharoceridae are extremely abundant in the melt-water torrents on the
Himalaya, the Caucasus, the Tien Shan and other high mountains. The aquatic
larvae cling to the submerged stones in clear and well acrated fresh water in torrential
streams. They are curiously shaped, with a large head-segment, consisting of the
head fused together with the three thoracic segments and the first five abdominal
segments, followed by six conspicuously constricted body segments. Ventrally the
body segments are provided with well developed and powerful circular suctorial
pads. The composite head segment is provided with well developed mandibles and
long antennae. The pupae are oval, convex or nearly hemispherical and permanently
anchored to the submerged stones by their suctorial discs. Both the larvae and the
pupae occur only in that part of the stream, where the velocity of the current is
maximum. The adult females appear to be predacious on Chironomid flies. Con-
siderable literature exists on the habits and life-histories of Blepharoceridae (98,
129-131, 161, 522, 643, 645, 696, 738, 1039). The typical high altitude species belong
to the genera Blepharocera macq., Bibiocephala ostEN-sAc., etc. The species occur
up to elevations of 3900 m. Tianschanella BroDSKII is endemic to the Tien Shan
Range. On the Colorado Mountains, the family ascends to an elevation of nearly
3660 m.
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Family Simuliidae

The Simuliidae are widely distributed all over the world, but are perhaps best
developed in the temperate and subarctic regions. They are abundant in Alaska,
northern Canada, Greenland and Iceland (18). A number of species of Simulium LATR.
occur at elevations of about 3600 m on the Colorado Mountains and at 3900 m on
the Himalaya. Prosimulium rous. and Nevermannia END. are other typical mountain
forms. The larvae of the mountain autochthonous Simuliids feed on the algal slime
on submerged stones in torrential streams and the pupae also occur under identical
situations. The adults emerge under water and rise quickly to the surface, though the
current carries them to some distance downstream.

Family Deuterophlebiidae

The Deuterophlebiidae are well known as mountain-midges and are distributed
on the Northwest Himalaya, the Tien Shan, the Altai, North Korea, Formosa,
Japan, Canada, Wyoming, Colorado, Utah, Oregon, California and the Central
Chilean Andes (696, 889, 890, 1016a). The family was erected by EDWARDS (293) in
1922 for Deuterophlebia mirabilis EpW., which he described from the adult found by
MITCHELL, floating on the surface of the water in the Gangabal Lake, at an elevation
of about 3000 m, below the Harramukh Glacier (5000 m above mean sea-level) on
the Northwest Himalaya. In 1924, PULIKOVSKY (849, 850) recorded the species from
the Altai Mountains and also described the characteristic larvae and pupae and their
remarkable habits. In 1926, BRoDsKII & BRODsKII (157) reported the family from
different parts of Middle Asia. MuTTROWSKI (787) reported finding the family in
different parts of North America in 1927. Since then, different species have
been described from Japan by xirakamr (623, 624) and kawamura (611), from
Japan and Formosa by YiE (1129), from Canada by sHEwALL (963) and from the
U.S.A. by sTONE (1015), PENNAK (827) and WIRTH (IIIG). PENNAK (826-828) has
summarized the available information on the family and tabulated the species
known to him. KENNEDY (613) has described the larva, pupa and adult of D. nielsoni
KEN. from eastern California and has also given a detailed account of the habitat,
habits and life-history of the species. He has also included in his paper a synoptic key
to the species from the world. The Deuterophlebiidae provide an interesting example
of distribution, along high mountains, of Middle Asiatic elements to the South Ame-
rican Andes.

Deuterophlebiidae are extraordinarily delicate flies, with truly immense wings,
clothed with fine pubescence, but with all the veins nearly obliterated. They have a
most curious superficial resemblance to certain small Ephemerids, but the wing is
creased fanlike in transverse folds. The antennae have only six segments, but are
much longer than the body, especially in the male. The most striking character of
the adult is the complete absence of ocelli and mouthparts. The larvae and pupae
inhabit clear cold-water torrents, with a mean temperature of 4.5° C, but often they
also occur in torrents at a temperature of 1.5° C. In Colorado, they are reported to
occur in streams at a temperature of 18° C. The body is very conspicuously segmented
and bears seven paired, stout, lateral prolegs, armed with circlets of peculiarly shaped
hooks that serve as powerful organs of anchorage. The antennae and the tip of
abdomen bear blood-gills. The pupa is somewhat oval in outline, highly convex
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above and flattened below and very much like the pupa of Blepharoceridae. The
pupa is also anchored to the submerged stones. The larvae feed by scraping the
rich algal slime and diatomaceous growth on the submerged stones. There are four
larval instars. The winter is passed in hibernation in the first larval stage. The over-
wintered larva becomes active in early spring and completes its development by the
end of June or sometimes early July. A second generation is then completed during
July and there is sometimes a third generation also during August. On the Hi-
malaya, the family occurs at least up to an elevation of 4000 m and passes through
only two generations, viz. an early and a late summer generation. The early
summer generation seems to consist predominantly of females and the mid
summer and late summer generations have a larger proportion of males on the
Himalaya (730).

Family Chironomidae

Although widely distributed, the family seems to attain its maximum development
in the arctic and subarctic regions (18) and is also abundant on most high mountains.
The larvae feed mostly in torrents and glacial lakes (1035, 1036), but a number of
high altitude forms like, for example, Euphaenocladius alpicola GTeH. from the Alps,
are typically semi-terrestrial or even completely terrestrial and thus feed in damp or
wet moss and under stones. The typical mountain autochthonous species belong
to the genera Brillia 1eer., Metriocnemus v. D. WULp, Orthocladius v. D. wure, Chiro-
nomus MEIG., Clunio HAL., Palpomyia MEIG., Anatopomyia MALLOCH, Psilotanypus
KIEFF., Eutanypus coqQ., Cricotopus V. D. WULP, etc. Orthocladius v. p. wuLp is also
known to occur in Siberia, Lappland, Spitzbergen and Greenland. Diamesa waLTL.
occurs on the Colville Mountains of Alaska. Most of the mountain autochthonous
species occur up to elevations of 3900 m.

Family Psychodidae

The Psychodidae are represented only extremely sparsely on high mountains.
On. the Himalya, Pericoma waLK. has been found up to an elevation of 3700-3800 m,
near glacier snouts.

Family Culicidae

The typically alpine-zone mosquitoes Aédes pullatus coqQ., A. cataphylla DyaR
and Theobaldia niveitaeniata (THEOB.) occur on mountains, in tundra and muskeg
regions and should be considered as essentially subarctic or arctic-alpine or boreo-
alpine elements. Some of these species occur further north than the boreal timberline
and also at elevations above the forest-line on high mountains. On the Rocky
Mountains of North America, mosquitoes have been recorded at elevations of
3960 m. Aédes pullatus coq. is considered by competent authorities to be a relict
of the Wiirm Glaciation in Norway. A. pullatus and Theobaldia BLANCH. occur at
elevations of 3600-3700 m on the Northwest Himalaya.
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Family Sciariidae

Some Sciariidae have also been reported from high altitudes. Sciara MEIG. occurs at
elevations of 2900-3000 m on the Alps; from the same region are also known
Neosciara PETT., Caenosciara LENGERSDORE and the brachypterous Orinosciara LENGERS-
DORE at elevations of 2400-2700 m. Most of these high altitude species breed in soil

Brachycera-Orthorrhapha

The high altitude Stratiomyiidae breed in organic debris, under stones, in humid
localities. Stratiomyia GeoFer. and Odontomyia MEIG. occur at elevations of 3500 m
on the Himalaya. The Rhagionidae (= Leptidae) are common at high elevations as
pronounced hygrophiles, under stones covered by wet moss near streams and snow-
edge. Both the larvae and the adults of Rhagionidae are active predators on diverse
insects. The common high altitude species belong to Rhagio BaBr., Hilarimorpha
SCHINER. Pfiolina ZBTTERSTEDT, Symphoromya FELD., etc. The family has been
found up to elevations of 3300-3600 m on the Northwest Himalaya. The Tabanids
Sziladynus ENDERLEIN and Tylostypia ENDERLEIN have been recorded at elevations of
3400-3700 m on the Pamirs. The Thereviid Reinigellum ENDERLEIN is endemic on the
Pamirs and has been recorded at elevations of 4400 m. The larvae are detritus-
feeders and occur in soil, but the adult flies are predacious. The Asilidae are generally
restricted to the snow-edge on high mountains and the adults are predacious on
adult mayflies and on Chironomids. Cyrtopogon LOW and Stenopogon LOW are
typical with high altitude Asilids that are endemic on the Pamirs and the North-
west Himalaya. Bombyliidae are represented commonly by species of Anthrax
scop., Bombylius LINN., Systoechus Low and Argyromoeba scHINER at elevations of
4100-4200 m on the Pamirs. The larvae of Empididae feed in organic debris under
damp moss near streams and the adults are predacious on Acarina and Collembola.
Rhamphomyia MetG., Tachypeza MEIG. and Clinocera MEIG. may be mentioned as the
commonest high altitude genera. A number of species of Dolichopodidae are found
at the snow-edge and in the transitional belt immediately above the treeline both on
the Alps and on the Himalaya. The adults are predacious on Chironomidae. Argyra
MACQ., Rhaphium MEIG., Neurigona ROND., Dolichopus LATR. Bucoryphus MIK., etc. are
some of the more common forms at high altitudes. On the Alps, the family has been
recorded up to an elevation of 3000 m and on the Himalaya specimens have been
taken even at an elevation of 4000 m(730).

Brachycera-Cyclorrhapha

Aschiza

Syrphidae are the most imporcant family of this subgroup at high altitudes. A
number of species are characteristic of grassy meadows and snow-edge at relatively
high elevations, ranging from 3000 to nearly 4500 m. The genera represented at
high altitudes include Melanostoma scuiNer, Platycheirus vLEp., Etiozona SCHINER,
Mallota ME1G., Temnostoma LEP. et SERV., Milesia LATR., Criorhina MEIG., Chryso~
toxum MEIG., Arctophila SCHINER, Syrphus FaBR., Helophilus MeIG., Volucella GEOFER.,
etc. The adults of nearly all the high altitude species visit the alpine-zone flowers
(730).
Hypocera

The high altitude Phoridae are generally cavernicoles and some of them have been
recorded at elevations of 3200 m. Megaselia ROND. and Metopina MACQ. at elevations
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of 2900-3200 m are peculiar to the Spanish Sierra Nevada. Other high altitude
species belong to Trupheonura MALLOCH and Paraspiniphora MALLOCH.

Schizophora

The Cyclorrhaphous Schizophora are abundant even at elevations of 5500 m on
the Himalaya. The Acalypteratac are represented by Ochthiophilidae, Ulidiidae,
Piophilidae, Helomyzidae, Ephydridae, Sciomyzidae, Sepsidae (= Borboridae) and
Chloropidae. Mention must also be made of the apterous Sphaerocera LATR., Titano-
cera DUN., the apterous Binorbitalia RICHARDS, Sepsis FALL. at elevations of 4100-4200 m
on the Pamirs, the Ortalidae Melieria ROBINEAU and Tenea MALLOCH at elevations of
4400 m also on the Pamirs. The Ephydridae are hygrophile flies, associated with
swamps, marshes, shores of lakes, ponds and snow-edge. Many high altitude species
breed in saline and alkaline waters, at temperatures ranging from 43° to 49° C on the
Northwest Himalaya, at elevations of 4500-4800 m. BECKER (98), CRESSON (224) and
DAHL (228) have given interesting accounts of the habits and distribution of the
Ephydridac from the mountains of Middle Asia and the Northwest Himalaya.

The Muscoid flies are extremely abundant at higher elevations and include the
dominant Anthomyiidae, Sarcophagidae and Tachinidae. The Cordyluridae
(=Scatophagidae) are represented by Scatophaga MEIG. at elevations of 4200 m in
the Pamirs Region. The adult flies are common flower-visitors on the high-alpine
grassy meadows and they also frequent the snow-fields (730). The Anthomyiidae
have been found at extreme high elevations. swan (10z21) has, for example, recorded
the interesting find of Anthomyiid flies at elevations of 6100-6200 m in the Mt.
Everest area of the Himalaya. LINDNER (697) has described the interesting habits of
high altitude Anthomyiidae from the Alps. Among the commonest high altitude
muscoid flies, the following should be particularly mentioned: Chortophila MacQ.,
Limnophora R.D., Hydrophoria R.D., Anthomyia MEIG., Phaonia ROB., Ttichopticus
ROND., Hydrotae R.D., Bithotacochaeta STEIN., Hoplogaster ROND., Pollenia R.D.,
Calliphora r.D., Brachicoma R.D., etc.

ORDER I2. THYSANURA

The Thysanura are often abundant on barren rock, inside rock crevices and under
stones on the high-alpine grassy meadows. Great swarms of them have been found,
in parts of the Northwest Himalaya, to come out and feed on vegetable debris
during the early parts of the warm summer nights. Most species are common at
elevations of 2500-3600 m. swaN (1021) observed dark coloured Machilinus siLv. to
be active at elevations of §335-5800 m on Mt. Makalu in the Nepal Himalaya. These
glacier-fleas absorb the warmth of the sun during the hours of bright sunshine or
from the warm rock surface in cloudy intervals, but dart off into cracks and fissures
in rock when disturbed. Ctenolepisma scH. has also been found at elevations of 3600
m on the Himalaya (730). Lepismatids have been recorded at high elevations on the
Alps and other high mountains, including also the equatorial East African mountains.

ORDER I3. COLLEMBOLA

The Collembola are par excellence the dominant insects of the highest elevations,
at which the existence of an insect seems at all possible. Collembola flourish on the
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Himalaya at elevations of 6300 m, in localities where there seems hardly a trace of
any other kind of insect (730). The most outstanding character of the high altitude
Collembola is the truly stupendous number of individuals of numerous species,
incredibly large in proportion to what we find in other orders. At whatever ele-
vation we may explore, the individuals of a number of species are sure to be found
in enormous masses. In such enormous swarms do they often occur on the high
mountain snows, that vast stretches of the snow-fields at very high altitude appear
sooty-black even from a distance (676, 730, 812). While the Collembola are fairly
common in a variety of situations even near sea-level, their position in the lowland
insect life as a whole is insignificant, but at the upper limits of the forest on high
mountains they become rather abruptly dominant. The forest-line must indeed be
described as a veritable threshold for the world of Collembola—such is indeed the
life zone above the forest on mountains. Not only do they exist at much higher
elevations on mountains than perhaps every other insect, but, judging from the
extensive literature (9, 71, 138, 352, 469, 564, 919, 920, 983, 1109), Collembola are
also remarkable for living in very large numbers on ice masses in Greenland and
Antarctica. It is also interesting to recall in this connection the fact that these insects
are abundant on snow during the winter even near sea-level in different temperate
and cold countries of the world.

Their small size enables them to flourish in humid, semi-arid, cold or warm con-
ditions on the plains and at high altitudes they are almost exclusively hygrobiont
and cold stenotherm forms. The temperature-humidity conditions seem to be the
most decisive limiting factor for these insects. The extreme sensitiveness of the high
altitude Collembola to temperatures even slightly higher than their normal micro-
environmental temperature result in rapid and fatal desiccation. The dense covering
of scales, setae, waxy material and the heavy body pigmentation are some of the
more striking adaptative characters at high elevations. A number of the high altitude
Collembola are characteristically highly sensitive to light. Hypogastrura BOURL. and
Tomocerus Nic. do not generally seem to require much light and thus prefer dark
shelters. Others like Onychiurus GErV., Folsomia WILL., Proisotoma BORN. and Isotoma
(BOURL.) BOSRN. are also highly sensitive to light. Remarkably enough, most high
altitude forms that have furca, if at all, rarely spring ; the furca-bearing Arthroploeona
very rarely spring, but the Symphyploeona do so occasionally.

Ecologically, the high altitude Collembola belong to the following types: i.
Inhabitants of the surface of stagnant waters, such as the glacial lakes and melt-
water ponds, mostly sparse at higher elevations. Typical examples include species
of Hypogastrura BOURL., Onychiurus GERV., Proisotoma BORN., Lsotoma (BOURL.) BORN.
and Sminthurides BORN. ii. Inhabitants of springs and glacial torrents, found pre-
dominantly under submerged stones along the stream edge. They also occur on
stones, covered by moss and algae and wetted constantly by water sprays and drip-
ping water from streams. The species belong mostly to Onychiurus GERV., Proisotoma
BORN., Isoroma (BOURL.) BORN., Isotormurus BORN. and Orchesella TEmPL. iii. Inhabitants
of damp lichen and moss on sheltered rock surfaces belong to species of Hypogastrura
BOURL., Isotomurus BORN. and Orchesella TEMPL. iv. Inhabitants of snow and icc-edges
are extremely cold stenotherm and hygrobiont and relatively scarce during the
daytime but common at night. They usually occur under stones, inside cracks and
crevices in rock, in ice crevasses and other similar situations at the snow-edge.
Gigantic swarms of Hypogastrura BOURL., Onychiurus GERV., Proisotoma BORN.,
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Isotomurus BORN and Lepidocyrtus BOURL. occur at the snow-edge. v. Inhabitants of
glacier moraines are similar to the snow and ice-edge forms and include species of
Lepidocyrtus BOURL., Isotomurus BORN. and Orchesella TempL. vi. Inhabitants of snow
and ice, above the permanent snowline, at elevations of 6ooo m include Isotoma
(BOURL.) BORN., Hypogastrura BOURL. and Proisotoma BORN. vii. Inhabitants of vege-
tation mats are mostly Enfomobyra ROND., Bourletiella BANKS and Sminthurides BORN.
viil. Inhabitants of decaying vegetable matter belong mostly to Onychiurus Gerv.
ix. Myrmecophile Cyphoderus (N1c.) TULLB., Enfomobrya ROND., Lepidocyrtus BOURL.
and Onychiurus GERV. are mostly restricted to the zone immediately above the forest-
line, especially to the grassy meadows. x. Petrophile and semi-xeroxene species of
Entomobyra ROND. and Orchesella TempL. may be sparsely found on the rock surface.
Although considerable numbers of species are fungicole in the upper reaches of the
forest, true fungicole Collembola do not seem to be important elements in the
subalpine and alpine zones. :

The ecological types of the Collembola from the Alps and their characters have
been described in detail by cisin (409). He recognizes a seties, in which the powers
of movement and springing, the intensity of the body pigmentation, the number
of ommata, the lengths of the furca, antennae and the body pubescence and the
general body size increase, as we pass from the typical soil-biont to the surface forms.

The true geobiont high altitude Collembola lack ommata or have only reduced
ones and the body pigment is also confined to the reduced ommata, their furca
is greatly reduced, the antennae, legs and the general body size are short. Being
typically blind, they have other complex sense organs. The typical members belong
to Folsomia witL. and Onychiurus GERV. The mesophiles are found on the soil surface
and have relatively better developed body pigment, moderately long antennae,
dense clavate setac or forked hairs on the tibiotarsus. The phytophile forms have
8-8 ommata and long antennae. Other important contributions to our knowledge
of the high altitude Collembola include aBsorLoN (1, 2), BAJAL (76-78), care (185,
186), DELAMARE-DEBOUTTEVILLE (244), DENIS (248), GISIN (409), HANDSCHIN (467-473),

LATZEL (677-678), SCHUBERT (937), STACH (990-993), STEINBOCK (1003-1008) and
YOSHII (1130, T131).

B. OTHER ARTHROPODA

An account of the high altitude insect life would perhaps be incomplete without
some reference to at least the more important Arthropoda, other than insects,
particularly the Crustacea, Arachnida, Chilopoda and Diplopoda that are nearly
always ecologically closely associated with the high altitude insects. Some of them
often represent dominant members of diverse high altitude insect communities.
Like the typical high altitude insects, these arthropods are also predominantly
cryobiont, hygrobiont and geobiont forms that occur under stones, in the immediate
vicinity of snow and ice. They also exhibit the essential ecological specializations,
which are so very characteristic of the high altitude insects. A great proportion of
them are active predators, but many are also carrion feeders and still others are
parasitic on the high altitude insects. Some remarkable aquatic species of these
arthropods are also known from relatively high elevations.
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Crustacea

The greatest bulk of the high altitude Crustacea are aquatic and occur in the
glacial lakes at very high elevations on the Alps, the Himalaya and the Andes.
The Branchipod Artemia salina (LINN.) occurs, for example, at elevations of 3600~
5000 m in glacial lakes on the Himalaya and on other Middle Asiatic high mountains.
Branchinecta spp. are particularly abundant in the melt-water ponds at elevations
of 3600 m, and sometimes even at 5220 m on the Northwest Himalaya and the
Pamirs Region (730). Gammarus pulex (LINN.) is a widely distributed amphipod
that is found in various high altitude glacial lakes on the Himalaya, at elevations
ranging from 3700 to neatly §335 m. A number of other interesting high altitude
Crustacea have been described by BoND (140), DEES (239), FREUDE (384), UENO (1054)
and others (vide Bibliography). Mesoniscus spp. and Protracheoniscus spp. represent
some of the more common hypsobiont Isopoda from the Alps and the Northwest
Himalaya. Endogeous Isopoda have been collected at elevations of 4800 m on the
Northwest Himalaya.

ARACHNIDA
Scorpionida

Although otherwise a typically thermophile lowland group, scorpions are often
found under stones, in association with diverse hypsobiont insects like Bembidion
LATR., Nebria LATR., Atheta THOMS., Acarina and Collembola, on the high-alpine
grassy meadows and other situations on the Alps and the Himalaya. Buthus LeAcH
occurs, for example, at elevations of 4000 m on the Himalaya. Chaerilus SIMON is
common at elevations of 3600-3900 m on the Northwest Himalaya. The highest
elevations at which a scorpion has so far been found in the world is 4300 m; at this
elevation, Scorpiops rohtangensis mani is found on the Northwest Himalaya, under
snow-covered stones.

Chelonethida

The pseudoscorpions are common under stones, under moss and also under
various organic debris on the grassy meadows. They are most usually found in
close association with species of Acarina, Collembola, Dermaptera, Salticid spiders
and sometimes also Carabidac. Neobisium (Neobisium) jugorum (xocw) is found
under stones in the high-alpine zone of the Alps and N. (N.) nivale (BEIER) occurs
on snow-fields on the Spanish Sierra Nevada. Microcreagris kaznakovi (REDIK.)
occurs on the Pamirs and on the Northwest Himalaya, at elevations of about
4300 m. Centrochthonus kozlovi (REDIK.), widely distributed in Middle Asia and in
Tibet, occurs at elevations of 3600 m on the Himalaya. Other hypsobiont pseudo-
scorpions belong to the genera Microbisium CHAMBERLIN, Microcreagris BALZAN,
Atemnus BERLESE, etc. Tetanotemnus montanus BEIER occurs on Mt. Kilimanjaro. The
phenological peculiarities of some high altitude pseudoscorpions have been recently
described by BEIER (102).
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Araneida

Spiders flourish at remarkably extreme elevations, often far above the permanent
snowline, amidst ice, glacier and snow, on nearly all the important high mountains
of the world. The dominant groups are, as may be expected, typically terricole
families like Thomisidae, Gnaphosidae, Lycosidae and Salticidae, but some Argio-
pidae, Agelenidae, Drassidae, Clubionidae and Linyphiidae are also found at eleva-
tions of 3000-5200 m. The greatest majority of the hypsobiont species belong, how-
ever, to genera that are common enough and also generally widely distributed
even on the lowlands. It is, therefore, sometimes difficult to consider any single
genus as typically and exclusively hypsobiont. The species are, however, often
endemic and naturally exclusively mountain autochthonous. The greatest majority
of the species occur typically under stones, inside rock crevices and micro-caves.
Most species are hygrophiles and are concentrated near melt-water torrents and
glacial lakes, but some more ot less semi-xerophiles have also been reported to occur
on barren rock surfaces. Most spiders at high altitudes dart on the surface of the
glacier or on snow-fields during the hours of bright sunshine, in order to capture
their prey. Some of them, particularly the Lycosidae and Salticidae, are typical
of the aeolian zone on the Himalaya (730, 1029). Spiders have been recorded at
elevations of 4500 m on the Alps, at 4250 m on Mt. Kilimanjaro and even at an
elevation of 6700 m on the Nepal Himalaya. Many hypsobiont species of spiders
belong to genera that are known from the subarctic and arctic regions (320). De-
scriptions of high altitude spiders may be found in AUSSERER (60), CAPORIACCO (182),
DENIS (246, 247), GLENNIE (410), HOLM ($39), DE LESSERT (689), SCHENKEL (922) and
others listed in the bibliography.

Among the large numbers of species recorded from different high mountains,
the following are worthy of special mention: Drassidac: Drassodes WESTERLING at
elevations of 2900-3000 m on the Alps and on the Spanish Sierra Nevada; Haplo-
drassodes CHAMBERLIN at an elevation of 2400 m on the Spanish Sierra Nevada.
Lycosidae: Pardosa c. kocH at elevations of 2500-3200 m on the Alps and on the
Spanish Sierra Nevada, and at an elevation of 4000 m on the Himalaya; Lycosa
LATR. at an elevation of 2200 m on the Spanish Sierra Nevada, but often even above
6000 m on the Himalaya*. Gnaphosidae: Gnaphosa LATR. at elevations of 2900-3000 m
on the Alps and on the Spanish Sierra Nevada, and up to 4000 m on the Himalaya.
Thomisidae: Xysticus c. kKocH and Thanatus C. KOCH at elevations of 2400-3200 m
on European mountains and at an elevation of 4000 m on the Himalaya. Linyphiidae:
Diplocephalus BERTKAU, Macrargus DAHL, Microneta MENGE, Micryphantes C. KOCH,
Stylotector siMoN, Cornicularia MENGE, Hilaira SIMON, Lephthyphantes MENGE and
Erigone AupOI at different elevations between 2500 and 3100 m on the Alps. Saltici-
dae: Heliophanus c. xocwu, Aelurillus stMOoN and Euophrys xocH. Clubionidae:
Clubiona LATR. at an elevation of 4250 m on Mt. Kilimanjaro and Liocranum L. xOCH
at an elevation of 3460 m on the Spanish Sierra Nevada. Theridiidae: Theridion

* In reporting on the collections of the Cho-oyu Expedition, TIKADER [TIKADER, B. K.
1964. Rec. Indian Mus., $9(3): 257-267] has recorded Tegenaria lunakensis TIK., at $180 m
in the Nepal Himalaya, in addition to other species like Xysticus roonwali TIK., Lycosa
tatensis TIK., L. nigrotibialis SIMON, a widely distributed species from India and Burma,
on the Kumbu Glacier at $334 m.
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WALCKENAER at elevations between 2400 and 3400 m on the Spanish Sierra Nevada,
Agelenidae: Hahnia c. kocH. Argiopidac: Nephila 1each and Zilla c. xocH.

Acarina

The Acarina are the most dominant Arachnida at high altitudes and are abundant
both as species and as individuals. Like the spiders, the mites also flourish at extreme
limits of life, at elevations over 6300 m on the Himalaya and at 000 m on the
Peruvian Andes. Most high altitude genera of mites are also found in the high north
latitudes, in the subarctic, arctic and also in the antarctic regions (228a, 229, 320,
4273, §70, 571, 572). The great bulk of the hypsobiont mites are geobiont, hygro-

hiles that occur typically under stones, on moss, in soil, on snow, etc. The majority
of the high altitude mites are also parasitic on the high altitude insects; indeed nearly
every species of the high altitude insect is subject to the attack of one or more species
of parasitic mites. Descriptions of high altitude mites may be found in pADAY (226),
DEES (239), EVANS (324), LUNDBLAD (710), PSCHORN-WALCHER (848), SCHWOERBEL (949),
WALTER (1098) and WILLMANN (I113).

The typical high altitude species belong to Caeculus DUFOUR, Trombidium rABR.
Rhyncholophus pucks, Erythraeus BERLESE, Rhagidia THORELL, Tetranychopsis CANEs-
STRINI, Bryobia XKoCH, Damaeus KOCH, Ceratoppia BERLESE, Hypoaspis CANESTRINI,
Cyrtolaelapis BERLESE, Pergamasus BERLESE, Eugamasus BERLESE, Bdella LATR., Cyta
V. HEYDEN, etc. Some, like Africoribates EvANs from Mt. Kilimanjaro, are endemic
mountain autochthonous genera.

A large number of Hydracarina are also known in the glacial lakes, springs and
in torrential streams, at extreme high elevations, on different high mountains.
Halacarus Gosse, Neocalonyx WALTER and Hygrobates KOCH occur at elevations of
5000 m on the Peruvian Andes. LUNDBLAD (710) has given an interesting account
of the high altitude Hydracarina from the Himalaya. Eylais hamata KOENIRA occurs
at an elevation of 4340 m on the Northwest Himalaya and is also known at an ele-
vation of 2450 m from the Alps. Protziella hutchinsoni LUNDB. occurs in springs at
elevations of 4200 m on the Northwest Himalaya, with a water temperature of
7-8° C. Calonyx montanus LunNDB. and Calonyx flagellatum LUNDB. occur on stones
in torrential streams at an elevation of about 3000 m on the Northwest Himalaya,
with the water temperature at 19° C. Parathyas primitiva LunpB. and Kashmirothyas
hutchinsoni LUNDB. are other species recorded from the Northwest Himalaya. On
Norwegian mountains, about half a dozen species have been recorded at elevations
of 1200 m. On Mt. Elgon in equatorial East Africa, four species occur at elevations
between 2400 and 3200 m, two species each at elevations between 3200 and 3300 m
and 3300-4200 m. It is important to observe that Eylais hamata ROENIKE, mentioned
above as having been found at an elevation of 4340 m on the Himalaya, is also known
to occur at sea-level. It is indeed not a typical mountain species, but essentially a
widely distributed form that seems to have secondarily become hypsophile. Protziella
LuNDB. and Kashmirothyas LUNDB. are endemic to the Northwest Himalaya. Some
extremely interesting subterranean water mites like Stygomomonia szALAY, Lethaxenia
VIETS, Atractides THORELL, Porohalacarus THORELL, Torrenticola, PIERSIG, Stygothrom-
bium VIETS, etc. are also known at high elevations on the Alps (949).
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CHILOPODA-DIPLOPODA-SYMPHYLA COMPLEX

A number of species of Geophilidae, Scolopendromorpha, Lithobiomorpha,
Oniscomorpha, Juloidea (especially Leptoiulus spp.) occur at relatively lower eleva-
tions of 1200-1800 m on most mountains. L. (L.) alemannicus alemannicus VERH.
is an endemic form from the Alps that occurs under stones, at elevations of 1300-
2800 m. L. (L.) simplex simplex VERH. is an alpine-zone to high-alpine zone form
in the East Alps. Hypsoiulus alpivagus vErd. (Juloidea) occurs at the snow-edge,
at elevations of 2450-2800 m on the Swiss Alps. Taueriulus aspidiorum VERH. is known
so far only from the Hohe Tauern and the Radstidter Tauern on the Alps, at ele-
vations of 2450 m. Leptophyllum nanum LATZ occurs at an elevation of 2250 m on the
Tyrolean Alps. The Chilopoda are generally associated with Coleoptera under
snow-covered stones and are predators on Trichoptera, Plecoptera and other in-
sects. Scolopendridae, Scutigeridae and Geophilidae are the principal types at high
elevations on the Alps and the Himalaya. Lithobius LEACH occurs commonly at
elevations of 3500-5200 m on the Himalaya. The Chilopod Cryophilus alaskanus
CHAMBERLIN has been recorded from under stones on the high-tundra zone on
Alaskan mountains. Other high altitude Diplopoda belong to Julus Linn., Ceratosoma
VERHOEFF, Ttimeropheron ROTHENBUHLER, Trimerophorella VERHOEFF, Polydesmus
BOISD., Orotrechosoma VERHOEFE, Leptoiulus VERHOEFF, etc. The Symphyla Scutigerella
RYDER occurs at an elevation of 2700-2800 m on the Alps and at about an elevation
of 3000 m on the Himalaya. Descriptions of high altitude species of the complex
may be found in the works of ATTEMS (58), BIGLER (124, 125, 126), EMERTON (320),
LIGNAU (692) and VERHOEEF (1081, 1082).



CHAPTER VI
DISTRIBUTION OF HIGH ALTITUDE INSECTS

The peculiarities of distribution of high altitude insects, with special reference
to the Alps and other principal European mountains, have been discussed by a
number of workers like BABLER (74), FRANZ (368, 369, 370, 378), HOLDHAUS (526,
527, $30, $3I, $35), JANETSCHEK (565, 566, $67), LINDROTH (698-702) and others
mentioned in the bibliography. MANI & saNTOKH (733, 735) have dealt with some
of the important aspects of the distribution of high altitude insects from the Himalaya
and MANI (730) has recently given an outline of the fundamental patterns of distri-
bution of insects at high altitudes. The outstanding peculiarities of the distribution
of high altitude insects are closely correlated with the high altitude environment,
the high ecological specializations of the insects, the geographical position of the
mountain, its orogeny and tectonics, the distribution of the high altitude plants
of the mountain, the Pleistocene glaciations and other complex factors. We shall
consider here in broad outline some of the major factors governing the distribution
of high altitude insects, the outstanding peculiarities of their vertical and horizontal
distributions, the faunal and biogeographical characters and the evolution of high
altitude insects in general.

I. FACTORS GOVERNING THE DISTRIBUTION OF HIGH ALTITUDE INSECTS

The factors governing the distribution of high altitude insects differ within wide
limits on different mountains and in different parts of the world, depending partly
on the ecological conditions prevailing at present and partly on the past distribution.
Compared, however, with the distribution of insects in the plains, the limiting
factors in the distribution at high altitudes are strikingly characteristic.

To begin with, it must be observed that the extreme ecological specialization of
the high altitude insects severely restricts their means of dispersal. The predominantly
flightless and apterous conditions, the very pronounced geophily and geobiont habits
and the restriction of all active development and movements to the brief summer
on most high mountains are some of the major factors that retard rapid and wide
dispersal of species. The means of dispersal of the high altitude insects are, therefore,
mostly passive in the majority of cases. Even in Diptera and Lepidoptera*, which
have largely retained their powers of flight even on the highest summits, active
dispersal is by no means more rapid and extensive than among other high altitude
insects. The localization of the food plant of the larvae or of the host insects, besides
numerous other ecological conditions, restricts the active dispersal of these species
also. The fact that most of the high altitude insects are bound to the snow-edge
acts against a rather wide dispersal, even if active flight over relatively extensive
area is assumed.

* Some species of Lepidoptera migrate over high mountains.
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In the plains of the tropics and the temperate regions of the world, even if not
within the subarctic and arctic areas, a great majority of Coleoptera are winged
and only about 5%, of these species are apterous and incapable of flight. The high
altitude Coleoptera, on the other hand, are characterized by their very pronounced
wing atrophy and it has been estimated that over 70% of all the high altitude Coleo-
ptera known so far from the world are apterous. Many of them are also microphthal-
mous or even totally blind and never come on the surface of the ground. The
migration of the blind and apterous terricole species is, therefore, largely governed
by factors of their habitat, such as the structure of the soil, the soil temperature and
moisture.

The high altitude Trechini (Carabidae) are, for example, remarkable for being
small, compact and apterous, the last character being closely correlated with their
occurrence under stones in the vicinity of snow-fields. Outside the snow-fields,
they are found, as mentioned already, only in humid situations. Where the ground
is dry, the species occur deeper in the soil. Trechus glacialis HEER can, for example,
only be collected from spaces under deeply buried boulders after continued fair
weather on the East Alps. The species that occur under such conditions show greater
reduction of their compound eyes than in the shallow layer forms and often, as in
the case of true cavernicolous species, they are also totally blind. To summarize,
the Trechini that constitute such an important group of high altitude Coleoptera
on most high mountains, possess little or no migration capacity and are, therefore,
well suited to illustrate the biogeographical problems at high altitudes. In the case
of the greatest majority of high altitude insects, dispersal by active migratory move-
ments must be considered as quite insignificant. The dispersal of the high altitude
insects is, therefore, almost exclusively by passive means. As we shall see, most high
altitude insect faunas have evolved in situ on the mountain and the influence of im-
migration is almost negligible.

The discontinuity of distribution of mountains, the unevenness of the ground
on mountains and the general ruggedness of the terrain are other effective barriers
to dispersal and migration. Finally, the species that exist on high mountains are,
like the species on oceanic islands, isolated effectively by the barrier of the inter-
vening lower elevations. Even in the case of the high altitude species that sometimes
descend to the foot of the mountain, the presence of loose soil and the absence of
rock in the plains is a barrier in distribution. The other ecological conditions that
serve as effective barriers are the prevailing environmental conditions at high
altitudes. The distribution of vegetation, its composition and other characters of
the flora of a mountain region govern the distribution of the high altitude insects,
so that it is also necessary to take into consideration the general vegetational character
of a mountain in discussing the biogeographical peculiarities.

In the greatest majority of the high altitude insects, the passive means of dispersal
include the relatively slow movements of glaciers and erratics and the rolling down
of stones in torrents. As may be readily understood, altitude by itself is no barrier
to dispersal, as indeed altitude is not even an ecological factor. The complex en-~
vironmenta] effects caused by high altitudes profoundly influence the distribution.
For a species characteristic of a definite zone of altitude, the absence of isohypse
sets a limit to distribution. It is also remarkable that some of the topographic and
physical barriers to dispersal have at the same time routed the dispersal of immense
faunas and faunal elements at high altitudes.
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The limiting factors comprise, therefore, the ecological specializations of the
insects themselves, the climatic factors at high altitude, the topographic and physio-
graphic barriers, the vegetational conditions and finally also the edaphic factors.
The ecological importance of the edaphic factors in the distribution of high altitude
insects is seen not only in the case of the typically terricole and endogeous forms,
but also in the case of the planticole and aquatic types. The wide variations of the
geological conditions ensure a diversified edaphic factor. It may also be recalled in
this connection that most high mountains, with rich and well differentiated insect
life, are typically Tertiary mountains. The rocks, which on weathering produce
soil rich in nutrient minerals and of high water retention capacity, contain as a rule
a much larger and a more diversified montane fauna than those which on weathering
contain little minerals and have also a low capacity for retention of water. Faunistically
rich soils are generally derived from limestones, basic eruptive rock, quartz-deficient
sandstones and conglomerates, calcareous marl or slate, most basic crystalline shales,
etc. Dolomites, quarzite, quartz-rich sandstones and conglomerates, highly acidic
eruptive rocks and crystalline shales and poorly weathering shales give rise to
faunistically poor soils. Rocks which have undergone more or less prolonged weath-
ering and are therefore rich in nutritive minerals support a much larger number
of forms than unweathered rocks. Even the gradient of the mountain slope has an
important influence on the distribution of high altitude insects. Localities not ex-
cessively strongly sloping appear to be most favourable for an abundant and diversi-
fied high altitude insect life. The steeper slopes of most high mountains have a
poorer fauna than the gentler slope, since the former is likely to become drier more
rapidly and also retains much less of the winter snow-cover.

2, VERTICAL DISTRIBUTION

The vertical distribution of high altitude insects is characterized by the progressive
and often rapid fall in the abundance of species with increase in elevation, the extreme
high elevations of permanent existence and the variable width of the altitudinal
range of distribution, the dominance at certain zones of altitudes and the more or
less pronounced altitudinal stratification of the species. Although these distributional
peculiarities are closely correlated with, and strictly speaking, also inseparable from
the peculiarities of horizontal distribution, we shall, for the sake of convenience,
consider the vertical distribution separately at first.

Taking first the fall in abundance of species with increase in elevation, it is in~
teresting to observe that while this is noticeable even within the forest-zone, there
is a pronounced abruptness in the fall at the forest-line. From above the forest-line,
the impoverishment of the species becomes so rapid that at extreme limits of a
group on a mountain, there are perhaps no more than one or two species. We find,
for example, that as we ascend from elevations between 3000 and 3500 m to the
zone between 3500 and 4200 m on the Northwest Himalaya, the number of species
of mountain autochthonous Carabidae is reduced to nearly one-eighth. At elevations
above 4200 m, it is less than one-tenth that of the abundance immediately above
the forest-line. The hypsometric analysis of the Coleoptera from Mt. Kilimanjaro
is equally interesting and is summarized in table 17.
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TABLE 17

Hypsometric analysis of the high altitude
Coleoptera from Mt. Kilimanjaro

Altitude zone  Percentage of species

inm
2600-3000 37.0
3000-3500 4.6
3500-4250 67.0
4250 and over 16.0

At elevations above 4250 m, the abundance of species is only one-seventh that
of the zone below 3500-4250 m and one-eleventh that of the zone of 2600-4250 m.
Only a single species extends over a wide range of altitudes, from 2600 m to 4250 m.
According to the observations of PRUFFER (846), the fall in the abundance of species
of Lepidoptera on the Polish part of the Tatra Mountains with the increase in
elevation is very striking. His data are summarized in table 18:

TABLE 18

Hypsometric analysis of the high altitude
Lepidoptera from the Polish part of the Tatra Mountains

Altitude zone  Percentage of species

inm
900-1545 74.0
1545-1789 16.0
1960-2250 8.0
2250~2663 2.0

It is not only in the case of the strictly terrestrial species, but also in the case of the
high altitude aquatic forms that we may observe a significant fall in the abundance
with increase in elevation. The hypsometric analysis of the Hydracarina on the
Himalaya is of particular interest in this connection, Table 19.

Extremely similar conditions have also been described in the case of the vertical
distribution of Hydracarina on Mt. Elgon in the equatorial East Africa (vide Chapter
VII).

The rate of fall in the abundance of species with increase in elevation differs on
different mountains and even on the same mountain it tends to become higher as the
elevation increases. A number of complex local factors have a profound modifying
influence on the rate of fall in abundance. As a rule, under otherwise more or less
similar conditions, the rate of fall in the abundance of species is less pronounced on
massive mountains than on isolated ones. Pronounced and abrupt differences appear
in localities where deep gorges push the upper limits of the forest higher up and
result in an unusually low level of unmelted winter snow patch during the summer.
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TABLE 19

Hypsometric analysis of the Hydracarina from
the Northwest Himalaya and from the Alps

Altitude zones Percentage of species
in m
Northwest Himalaya
1500-1600 30.0
1600-2800 30.0
2800-3000 20.0
3000-4100 10.0
4100-4300 10.0
Alps
1800-2000 37.0
2000-2200 28.0
2200-2400 20.0
2400-2600 13.0
2600-2800 2.0

The rate of fall in the species abundance differs also on the north and south slopes of
the mountains with a general east-west trend, especially in the northern hemisphere.
Owing to these differences and to the different rates of fall in abundance in different
groups of insects, we observe an interesting increase in the dominance of different
orders and families like Carabidae and Staphylinidae at higher elevations.

In the fall in the absolute abundance of species with increase in elevation we may
observe not only a disappearance of the species typical of lower elevations, but also
a partial or even a total replacement by other species that do not occur at lower
elevations. There is thus 2 more or less pronounced, though sometimes overlapping
altitudinal stratification of species. This stratification deals with a qualitative differ-
ence in the altitudinal distribution, in addition to the quantitative differences men-
tioned earlier. As we ascend higher and higher above the limits of the forest on
any mountain, we find a most interesting succession of species; some species replace
numerous others, which disappear at successively higher elevations.

On the Himalaya, for example, the species complex at elevations between 2500
and 3000 m is different from that between 3000 and 3500 m and this latter is again
essentially different, both qualitatively and quantitatively, from that characteristic of
elvations between 4000 and 4500 m. Although the mean altitudinal range is largely
specific to a group, and even in the same species it is subject to considerable variation,
exceedingly few species occur over a wide range of clevations on either side of the
forest-line. On the Himalaya, for example, Bembidion bracculatum BATES, B. fuscicrus
MorscH. and B. irregulare NET. are perhaps the only Coleoptera that occur at ele-
vations from nearly 1800 to 4500 m. There is on most high mountains unmistakable
evidence of intrusion of transitional elements from the upper limits of the forest-
zone into the biome immediately above the forest-line, but only exceptionally do
we find a similar intrusion of the typically high altitude elements into the upper
reaches of the forest-zone. On the Northwest Himalaya, for example, the Coleoptera
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of the transitional zone immediately above the forest-line show distinct evidenée of
such instrusive elements from below, reaching sometimes even up to an elevation
of 3500 m. Over 75% of these species disappear altogether at elevations above 3500 m
and are replaced by others that are, strictly speaking, typical high altitude elements,
characteristic of the zone reaching up to an elevation of 4000 m, and are never found
at elevations below 3000 m. Nearly one half of the species that are characteristic of
elevations between 3500 and 4000 m do not occur above 4000 m and in their place
we find others that are also never found at lower elevations. The following hypso-
metric qualitative analysis of high altitude species of Bembidion LATR. from the
Northwest Himalaya is summarized from MANI & SANTOKH (733):

I. Species characteristic of altitude zone between 1800 and 3700 m: B. algidum ANDR.,
B. betegara ANDR., B. exaratum ANDR., B. himalayanum ANDR., B. orinum ANDR. and
B. satanas ANDR.

II. Species characteristic of the altitude zone between 1800 and 4200 m: B. braccilatum
BATES, B. fuscicrus MOTSCH. and B. irregulare NET.

III. Species characteristic of the altitude zone between 2400 and 3700 m: B. aguilum
ANDR., B. gagates ANDR. and B. livens ANDR.

IV. Species characteristic of the altitude zone between 2400 and 4300 m: B. hasurada
ANDR. and B. luntaka ANDR.

V. Species extending from an elevation of 2400 to 4800 m: B. pluto ANDR.

VI. Species characteristic of the altitude zone between 3000 and 3700 m: B. gjmonis
NET., B. beesoni ANDR., B. ladakense ANDR., B. ladas ANDR., B. leve ANDR. and B. pamiricola
LUTCH.

VIL Species characteristic of the altitude zone between 3000 and 4300 m.: B. bucephalum
BATES.

VIII. Species characteristic of the altitude zone between 3700 and 4300 m: B. nivicola
ANDR. and B. petrimagni NET.

IX. Species characteristic of the altitude zone between 4300 and sooo m: B. hutchinsoni
ANDR.

The altitudinal overlapping of different species, which we observe in a simple
hypsometric analysis, is in reality only an illusion and must not, therefore, be
interpreted as a real ecological or a spatial overlap. Indeed there is rarely an over-
lapping of the distributional range, mainly because most true high altitude species,
at least those that are autochthonous on the Tertiary mountains, are severely re-
stricted to greatly isolated summits. In absence of accurate data regarding the hori-
zontal distribution of the species, our interpretation of vertical distribution is thus
bound to be misleading.

While the true hypsobiont species never descend below the forest-line, their upper
altitudinal limits of permanent existence differ in different groups and on different
mountains. Even the early contributions on the vertical distribution of insects by
SCHLAGINTWEIT (924), TRENTINAGLIA-FELVENBERG (1046) and others recognized these
differences. The mean for the Himalaya is about an elevation of §120 m and is much
higher than the mean for all other mountains in the world. The absolute maximum
altitude at which insects have so far been found to be permanent residents and to
breed is about 6800 m on the Himalaya. The highest altitude record for different
groups of high altitude insects are summarized below (Table 20).

The highest altitudes are reached naturally by the strictly endogeous and predatory
types, especially the Collembola, Acarina, spiders, Coleoptera and Diptera rather
than by those that belong to the communities of the open surface. The adult Lepido-
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ptera that are found at elevations far above 6000 m breed mostly about this altitude.
The maximum altitudes of permanent existence of a group is higher on the Tertiary

TABLE 20

The highest altitude records for different groups of hypsobiont insects and other
arthropods, in m.

Order/Family Himalaya Andes Kilimanjaro Other mountains
Ephemerida 5200 2000 New Zealand
Plecoptera 5030
Orthoptera
Tettigoniidae 4900 4900 4420 Mt. Whitney
Acrididae 5490 :
Dermaptera 4500 4880
Heteroptera 5335
Coleoptera 5600
Carabidae 5300 4820
Staphylinidae 5600
Hydrophilidae 5400
Tenebrionidae 5600
Chrysomelidae 4600 4270
Curculionidae 4976
Formicidae 4800
Trichoptera 5000
Lepidoptera 6000
Diptera 6300
Tipulidae 5600
Thysanura 5800
Collembola 6300
Scorpions 4300
Spiders 6700 4250 4500 Alps
Acarina 6100

mountains than on older mountains and also on the more massive mountains than on
isolated eminences. It is also interesting to observe that much higher elevations are
attained by a group in glaciated areas than in the unglaciated. The north temperate
mountains support insect life at much higher elevations than the mountains at com-
parable latitudes in the south temperate regions of the world.

As may be readily observed, in most cases the mean of the maximum altitude of
different groups of arthropods lies about the permanent snowline; but this certainly
is not the absolute upper limit of existence of insects. The treeline no doubt marks a
sharp lower boundary for the true hypsobiont insects, but diverse high altitude
species flourish at much higher elevations than the permanent snowline. Permanent
snow and ice are in no sense to be taken to rule out the existence of insect life;
insects at these extreme elevations may be sparse and rather restricted in kind, but
not altogether absent.

Mention may be made here of the observations of mMaNI (730) on an interesting
peculiarity of the vertical distribution of high altitude insects on the Northwest



Distribution 137

Himalaya. The highest altitudes at which the species of different orders exist do'not
necessarily indicate their dominance at these extreme limits. The altitudinal zone of
relative dominance is in most cases at about 4200 m above mean sea-level. This
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Fig. 29. The altitudes of dominance and the highest altitudes of permanent existence
of different high altitude insects on the Himalava

altitude is indeed a measure of the maximum frequency of occurrence of the largest
numbers of species of a group and represents the zone in which the communities
containing the member species are also dominant. Communities with species of
Bembidion LATR. as the dominant members are dominant, for example, at an elevation
of about 3900 m. It is at this elevation that we may observe a dominance of the ex-
clusively hypsobiont species of the genus. Although somewhat larger numbers of
species of this genus may be found at lower elevations, it is due not to the presence
of true hypsobiont species, but to the occurrence of considerable transitional elements
from the upper reaches of the high forest-zone. The mean altitudes of dominance of
different high altitude insects on the Northwest Himalaya are summarized in fig. 29.

3. HORIZONTAL DISTRIBUTION

The horizontal distribution of high altitude insects is characterized by the concen-
tration of relatively few species in greatly isolated, discontinuous and localized
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patches. Most high-alpine and nival zone species on all the principal mountains are
typically restricted to extremely small areas, frequently around single summits or
ridges. They occur in greatly isolated, irregularly spaced, unequal and severely
localized pockets. These pockets are generally small and restricted to islets of optimal
conditions, separated by extremely wide stretches of unfavourable conditions. The
species may not necessarily always be found in every locality, where apparently
optimal conditions obtain and where we should ordinarily expect the species. The
horizontal distribution of the typically high altitude species is, therefore, charac-
teristically patchy, non-random and is thus of the contagious type, with a more or
less pronounced tendency for aggregation. The non-randomness is evidently the
direct consequence of the habitat irregularity and the spacing of populations is also,
therefore, irregular. The patches tend to be greatly localized in well defined areas,
determined by characteristic topographical peculiarities. Both localization and
discontinuity favour isolation, but at the same time the topographic and physio-
graphic barriers seem to have also routed the distribution of many species. A number
of species are very significantly and exclusively localized together in the same area,
resulting in their pronounced concentration in small, isolated pockets in distinctive
localities. There is thus a very characteristic clustering together of a distinctive
complex of species, most of which are not found outside the area of their concen-
tration. They are true indicator species of the locality.

At least on the Alpine-Himalayan Systems of Tertiary mountains, the localized
concentrations of the high altitude insects reveal a most significant tendency for
massing around high peaks, so that the intervening areas of lower elevations are
mostly sparsely populated or also completely lack the species. A massing around on
high peaks is not only true of the endemic species, but also of other species to a
considerable extent. The massed concentrations of the high altitude species are also
conspicuously localized in areas which were more or less heavily glaciated during the
Pleistocene. These glaciated areas have indeed typically indicator species both on the
Alps and on the Himalaya. There is also a pronounced tendency for massing of the
species in the immediate vicinity of the present-day glaciers.

On most high mountains, two broad categories of distributional patterns may be
recognized, viz. forms widely distributed in different mountain regions and others
that are restricted to only particular mountain systems and are in a sense indicator
species of the mountains. Some typically high altitude generaare of nearly cosmo-
politan distribution, but others are restricted to the mountain; we have accordingly
widely distributed genera and endemic genera, with intermediate transitional types.
The genera like Trechus cLarv., Bembidion LATR., Pselaphus HBsT. are cosmopolitan
mountain types, but numerous species of these genera are found even on the low-
lands in many parts of the world, especially in the north temperate regions. The
Holarctic genus Carabus LINN. extends southwards to the north Mexican mountains
and has even transgressed into the Oriental Realm and contains some lowland and
forest species. The genus Erebia DALM. has also some lowland species. The genera
with restricted distribution are Agelaea GEN. on the mountains of Sardinia, Synuchi-
dius aprB. on the mountains of Albania, Anchomenidus HeYD. on the Austrian Alps,
Coryphiodes BErNH. on the Rodna Mts., Scotoplectus REITT. on the Kraiste and
Croatian mountains, Trogaster saarp on the mountains of Corsica and the northern
Apennines, Ablepton Friv. on the Banat Mountains, Carpathobyrrhulus GGLB. on the
north and east Carpathians, Analota BRUNN. from Schlern to Arlberg on the Alps, the
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Middle Apennines and the Jura Mountains, etc. The Himalaya and the Painirs
Region have numerous severely restricted types in Orthoptera, Heteroptera and
Tenebrionidae (vide Chapters IX and X). A number of hypsobiont genera have wide
but discontinuous distribution. Broscosoma RosH. (Carabidac) is known, for example,
from Mt. Lessini, Mt. Baldo, Cima Tombea, Mt. Cadria, the Sikkim Himalaya,
north Sze-tschuan (3050-3960 m above mean sea-level) and Japan (2133-2438 m
above mean sea-level). The Staphylinid Trigonurus MuLs. occurs on the Maritime
Alps, the Basses Alps, Caucasus and on the North American Cordillera. The Silphid
Rybinskiella rerrr. is represented by one species on Czornahora in the East Carpa-
thians (1700 m above mean sea-level), two species on the Northwest Himalaya and
one species each on the Tien Shan and Daurien. The Dermestid Montandonia jaQ. is
represented on the south Carpathians, southern East Carpathians and on the Altai
Mountains.

Exceedingly few species of hypsobiont Coleoptera are common to more than one
mountain system. Carabus fabricii pANz. occurs, for example, in the subalpine and
high-alpine zones of the Alps and the Carpathians, C. irregularis FABR. on the moun-
tains of Central Germany, the Jura, the Alps, the Bohemian Mass, the Carpathians,
Krain, Croatia and on the mountains of Bosnia, Byrthus glabratus HEER occurs on
nearly all the mountains of Central Europe, the Pyrenees and in the northern parts
of the Balkan Peninsular Mountains and Aphodius mixtus VILL. occurs on the Carpa-
thians, the Alps, northern Apennines, the Pyrenees, Mont-Dore in Puy-de-Dome,
etc. The greatest majority of the species are, however, extremely intensively localized.
Nebria schusteri coLs. is, for example, restricted to the high-alpine zone of the
Koralps, Carabus olympiae seLLa to the Valle Sessera in the Piemont Alps, C. cy-
chroides BaUDI to the northern Cottian Alps, Trechus rudolphi ccrs. and Tr. regu-
laris putz to the Koralps, Tr. montis-rosae JEANNEL to Monte Rosa, etc.

4. THE COMPONENT ELEMENTS OF THE HIGH ALTITUDE
FAUNAS, THEIR ORIGIN AND EVOLUTION

The component elements, origin and evolution of the high altitude insect fauna
form an integral part of the history of uplift and other changes associated with the
mountain system and are therefore largely characteristic of the mountain. The
evolution of the flora of the mountain system and the Pleistocene glaciations,
particularly in the region of the mountain, also very profoundly influence not only
the composition but also the evolution of the hypsobiont insect fauna of nearly all
the important mountains. Comparative biogeographical studies on the characters of
the principal mountains of the world show that the fundamental elements of the
present-day hypsobiont insect fauna belong to the following major groups: 1. Fauna
which has had its origin within the area of the uplift of the mountain and simul-
taneous evolution in sifu of the autochthonous endemics, pari passu with the uplift
of the mountain; 2. Fauna that represents colonizations from outside the area of
uplift of the mountain and 3. relicts. The absolute quantitative dominance and the
relative importance of the individual groups on any given mountain system depend
on the peculiarities of the orogeny and tectonics of the system. The Tertiary fold-
mountain systems are everywhere characterized by a significant dominance of the
autochthonous endemics over the other groups. The hypsobiont insect fauna of
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isolated volcanic mountains like, for example, Mt. Kilimanjaro, ‘is predominantly
composed of the second group. The older mountain systems, like the Altai Moun-
tains, are readily recognized by absence of a significant predominance of any group
in particular. The relicts are everywhere sparse and are perhaps localized on Tertiary
mountains in certain parts of the world.

Autochthonous endemic elements are extremely important ecologically and bio-
geographically. Their origin and evolution form part of the complex history of the
orogeny of the mountain system more than in the case of the other groups. The
uplift of any mountain is a gradual process, in the course of which the ground
inhabited by the original fauna of essentially lowland character is subjected to a more
or less complex series of thrusts, folds, crumplings, etc., culminating eventualiy in
the rise of the area to a high elevation, above the surrounding country. As the area
is being raised, the flora and the fauna are at the same time literally uplifted en masse
from lowland conditions to higher elevations. The organisms that belong to the area
behave like a plastic mass and are successively modified and remoulded in close
correlation with every phase of the uplift of the mountain. The entire flora and
fauna evolve successively into the low montane, the high montane, the subalpine,
alpine, high-alpine, subnival, eunival, high-nival and other hypsobiont types. There
is therefore neither a migration of the original flora and fauna away from the area,
because of the changes involved in the uplift of the mountain, nor are they driven to
extinction, as has often been assumed. On the other hand, the entire biota is reshaped
and their modifications and evolution synchronize closely with the process of
uplift of the mountain itself.

The dominant component elements of the hypsobiont insect life of the Northwest
Himalaya arose, for example, in this manner, from a northern lowland ancestral
stock that flourished in the area that was being uplifted during the early and middle
Tertiary. The vast region of the Northwest Himalaya and the Pamirs is indeed
remarkable for the great preponderance of true autochthonous endemic genera and
species in nearly every group of insect (730). The present-day hypsobiont insects of
this region became differentiated during the Pliocene phase of the Himalayan
orogeny. SKORIKOV (984) and MaNI (730) have independently recognized the region
of Tertiary mountains, within the Palaearctic Realm, as an important and immense
centre of differentiation of many characteristic faunas of high altitude insects. The
principal component elements of the high altitude fauna of the East Himalaya have
had a wholly different history from those of the Northwest Himalaya (730), but
here also we may observe unmistakable evidence of a comparable in situ origin and
evolution from a Himalayan-Chinese and an Indo-Malayan ancestral stock. Even
at very high altitudes on the Himalaya, we find distinct evidence of this differenti-
ation of the local lowland stock into the typically high altitude forms.

The second major group of hypsobiont insects represent colonizations from
outside the actual area of uplift of the mountain system. As may be expected, this
colonization seems to have proceeded mostly from the surrounding lowland region.
There have, in addition, been progressive colonizations from distant boreal and even
arctic elements, as the uplift of the mountain system progressed. The lowland elements
have in both these cases gradually pushed upwards to higher elevations, with each
successive phase of uplift of the mountain. They have often simultaneously become
more or less greatly modified and have also given rise to a variable number of neo-
endemic species and localized subspecies in many parts of the world. In some cases the
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principal phase of colonization seems to have been subsequent to the major orogenic
movement of the mountain system, even in Post-Pleistocene times.

As distinct from the mountains of the Pamirs Region, the Pamirs proper have a
most remarkable high-steppe element in their high altitude insect life that cannot
be strictly described as alpine type in any sense of the term. The Middle Asiatic
steppe forms constitute an important component element of the Pamirs fauna. Most
of these steppe forms have become secondarily adapted for life at high elevations,
some of which are much higher than the highest summit of the Alps, but are never-
theless closely related to or are even completely identical with those of the lowland
steppes of the Buchara area in Turkestan. The fundamental component elements of
the high alpine-desert insect life on Mt. Kilimanjaro have also evolved from forms
that have had their ancestral stock on the surrounding Masai steppes. Here again
a great many species, occurring even at very high elevations, are identical with those
living in the surrounding steppe country. The higher elevations of Mt. Kilimanjaro
were evidently colonized by insects only after the cessation of the volcanic activity,
in other words, after the mountain had already been completely uplifted. Some
typically South African elements have spread northwards and have colonized the
high altitudes of equatorial East African mountains. A number of boreal forms have
likewise also reached their maximum southward limits on these mountains. As we
shall see in the next chapter, the South African and the boreal clements do not,
however, meet on the same mountain. Extensive colonizations of the high altitudes
by boreal clements are observed on the equatorial, tropical and south temperate
Andes. The southward spread of the boreal elements has been possible only because
of the high elevation and also because of the continuous meridional trend of the
Cordillera. Some of the arctic elements extend to the mountains of Colorado, at
elevations of 3500-3900 m (744a; vide also Chapters VIII and XVI).

Unlike the autochthonous endemics and the elements representing colonizations
subsequent to the uplift of the mountain, the relicts constitute rather older elements
on the mountains. The relicts are generally remarkable for their pronounced dis-
continuous distribution and they are also on the whole extremely sparsely found
both on the older and on the Tertiary mountain systems. Some of the relict species
of the Altai Mountains are found in widely separated areas like Labrador (vide
Chapter XIII). The relicts of the Tertiary mountains are either Tertiary relicts or
they may be also Pleistocene relicts (boreo-alpine species) that have survived the
glaciations of the Pleistocene times on nunataks on the high mountains (vide Chapter
XII). While a considerable number of relicts are common on the Alps, the Himalayan
System is strikingly poor in relict species; they may almost be said to be totally
absent on the Himalaya. These peculiarities are apparently closely correlated with the
important facts that Europe is biogeographically merely an appendage of Asia and
that the Pleistocene glaciations have been far more extensive and intense in Europe
than in Asia and lastly also the fact that the Himalaya as a whole is richer in au-
tochthonous endemics than perhaps any other mountain system in the world. The
conditions on the Himalaya favour a very high rate of speciation and the high altitude
fauna of the Himalaya is at present most intensely evolving, so that the persistence
of relicts on the Himalaya seems unlikely.

The fundamental component elements of the high altitude insect faunas of most
high mountains in the world appear to have become practically fully differentiated
and also more or less stabilized by the Pliocene times (665, 667, 730). The Pleistocene
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glaciations brought about an unprecedented intensification of isolation on nearly
all the high mountains, at least in the northern hemisphere, so that we find at the
present time a very pronounced tendency for the formation of a number of character-
istic local races and subspecies, some of which are indeed restricted wholly to single
peaks. The evolution in the past seems to have been directed towards ecological
specializations, in the course of which relatively few species evolved. At the present
time, however, the general evolutionary trend in the high altitude faunas everywhere
seems to be directed to an enrichment of species.



CHAPTER VII
THE MOUNTAINS OF EQUATORIAL EAST AFRICA

The mountains of equatorial East Africa are of exceptional geographical, geologi-
cal, ecological and biogeographical interest. An attempt is made in this chapter to
give a brief outline of some of the outstanding peculiarities of the ecology and
biogeography of the high altitude insects of tropical East Africa. Emphasis is laid
on the fundamental differences between these mountains and other well known
mountains like the Alps and the Himalaya. Attention is also directed to the evident
relation between the high altitude insect life and the Rift Valley System of Africa.

I. THE EAST AFRICAN MOUNTAINS AND THE RIFT VALLEY SYSTEM

The occurrence of high altitude insects in the equatorial East Africa is rendered
possible by the existence of high mountains, covered with permanent snow. The
following are such elevated regions: three massifs in Abyssinia, the two peaks
of Mt. Kilimanjaro (6010 m above mean sea-level) and Mt. Meru (4730 m); Mt. Kenya
(s600 m) and the mountainous area of Leikipia (4270 m), Mt. Elgon (4230 m) and
the Ruwenzori Range (5500 m). These elevated areas are closely related to the well
known Rift Valley Fracture System of East Africa, stretching nearly 6400 km from
the Jordan Valley to almost south of Zambesi, formed by the sinking down of
narrow blocks of the earth’s crust between high steep walls. The Rift Valley con-
tains more than thirty lakes. The rifts consist of two gigantic troughs, 32 to 80 km
wide and nearly parallel to one another, with an interval of about 6° Longitude in
between, cutting northward through the continent, from the Lake Nyasa. The
Western Rift or the so-called Tanganyika Trough lies between the 29° and the
30° meridian. The Eastern Rift or the Rift Valley proper stretches from the north
to the south, across Kenya and Tanganyika and contains the Lakes Rudolf, Baringo
and Naivasha. The Western Rift contains the Lakes Albert, Edward, Kivu and
Tanganyika. The Lake Tanganyika surface lies at an. elevation of 760 m above mean
sea-level and its depth is about 1555 m. Almost all the larger lakes of East Africa
lie in the Rift Valley System; the only exceptions are the Lakes Victoria and Tana.
Both the rifts include thus a nearly continuous chain of lakes, mountains, volcanic
cones and craters. The Ruwenzori Range in the westernseries of mountains is an
ancient structure and is thus an exception to their generally volcanic origin. The
western series include otherwise the Birunga (Virunga) Volcanoes, some of which
are active, Karisimbi (4507 m) and Nyamuragira (3050 m). To the eastern series
belong the mountains of Central and Southern Ethiopia. The extinct cone of Zuquala
and the Massif Chillalo stand on opposite sides of the Galla Depression, on the
western edge of which, further south, rise the isolated Massif of Mt. Damota and
the great block of Gughé Highlands. Further south are the Mt. Kenya and the
Aberdare Mountains (including Mt. Kinangop, 3900 m above mean sea-level)
on the east side of the Rift Valley; Mt. Elgon and Cherangani (3380 m) on the
west side; Mt. Kilimanjaro, with the associated Mt. Meru, to the southwest and the
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Chyulu Hills to the northeast; these mountains are all related to the Great Eastern
Trough. An excellent account of the Rift Valley System and the general geology
of the region may be found in GREGORY (423). Permanent snow and glaciers exist
on the higher massive mountains, especially on Mt. Kilimanjaro, Mt. Kenya and
on the Ruwenzori Range. On these three mountains, rising to elevations over 5000 m,
the lowest limit of eternal snow is at an elevation of about 4800 m. The snowline
is thus much higher than, for example, on the Alps or the Pyrenees.

Broadly speaking, the East African mountains have on their slopes a zone of
montane forest, which, with the gradual Post-Pleistocene warming and desiccation,
has evidently given place to dry bush and thorn~scrub formations on the intervening
plateau. This montane-forest belt, extending from an elevation of about 1980 to
3050 m, comprises three sub-zones: i. The lower montane forest or the ombrophile
forest, dominated by conifers, especially Podocarpus, and extending to an elevation
of about 2380 m; some Helichrysum and the giant Lobelia gibberoa occur as low as
this zone. ii. The bamboo sub-zone, from an elevation of 2380 m to nearly 3050 m,
is an almost pure botanical formation. iii. The highest forest or the étages des foréts
supérieures, dominated by Hagenia, from an elevation of 3050 m up to the timberline.
The second and the third sub-zones lie above the limits of maximum atmospheric
precipitation on the mountains. Above the forest-zone lies the heath-zone, in which
Erica arborea predominates. The heath-zone extends from an elevation of about
3050 m to nearly 3780 m above mean sea-level. This zone may also take the form
of grassy expanses, with sparse growth of heath and other plants, and is characterized
by giant Lobelia and arborescent Semecio and Helichrysum. High above the heath-
zone is the high-montane zone, consisting of the Alchemilla sub-zone, in which
Phanerogams are still to be met with. This zone is characterized by Alchemilla,
giant Lobelia and arborescent Senecio. Beginning generally at an elevation of about
3780 m, this zone extends to nearly 4200 m on Mt. Kenya, a little over 4270 m on
the Ruwenzori Range and even higher on Mt. Kilimanjaro. A second sub-zone
is also sometimes recognized, viz. the moss-lichen sub-zone, extending up to the
altitude at which all vegetation ceases (584). The altitudinal limits of the zones and
the sub-zones vary naturally within wide limits on the different mountains and on
the different slopes of the same mountain. Mt. Meru has, for example, luxuriant
rain-forest and bamboo sub-zones on the south slope, but there is no bamboo and
the forest is also much reduced on the north slope. Protea kilimandscharica forms
open or dense scrub on the northeast slope of Mt. Kenya, at elevations between
2750 and 3660 m, particularly where there is little bamboo. The presence of Protea
may probably be due to the low rainfall on this slope. The giant Lobelia also grows
here. Some of the other interesting peculiarities of the biotic zonation on the equa-
torial and tropical high mountains are dealt with in the next chapter. See also cor

(2152).

2. MT. KILIMANJARO

Mt. Kilimanjaro (Tanganyika, 3° 55’ SL), the highest summit in Africa, is an
extinct volcano, the mighty conical mass of which rises to over 5000 m above the
level of a vast arid steppe that is hardly 9oo m above mean sea-level. Along with
Mt. Meru, 40 km to the west and Mt. Kenya 320 km to the north, Mt. Kilimanjaro
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lies on a line of volcanoes on the east-west fault. The major axis of the
mountain, about 83 km long at its base, is also east-west; the base is about
58 km from the north to the south. Its snow-capped summit is about 5963 m above
mean sea-level. The northern and southern slopes rise in a great sweep from the
surrounding steppe to its summit, so that the mountain appears as a single volcanic
cone when seen from the east. Its two principal peaks are, however, seen separately
from the north or the south (fig. 30). The Kibo Peak on the west is the biggest and
also the younger truncated volcanic cone and is flanked by broad shoulders. It is
covered by permanent ice, nearly 6o m thick, with the glaciers descending to ele-
vations of about 4200 m above mean sea-level on the western slope and to 4875 m
on the northwest slope. At the end of the castern shoulder, the so-called Saddle,
is situated the lesser Mawenzi Peak (4320 m above mean sea-level) and this peak is
separated from the Kibo Peak by a straight distance of about 8 km. The western
shoulder or the Shira Plateau ends in the remains of another ancient, but smaller
crater, the Shira Crater. The Saddle, about 36 sq. km in area, is nearly level for
about 6.5 km from the base of the Kibo Peak and the scree slopes of the lesser
Mawangzi; its general elevation is never less than 4270 m above mean sea-level. The
northern and the larger part of the Saddle, sloping gently northeastwards, is covered
with sand and stones. On the south, it is marked off by a series of low hills, glacial
troughs and water-worn valleys. Its much broken surface, with numerous boulders,
provides excellent shelter from wind, so that the vegetation flourishes on the Saddle
to relatively high elevations. The Shira Plateau slopes gradually from the Kibo
Peak to the Shira Ridge, for about a distance of 10 km. The Plateau measures about
8 km north-south and has an area of about 62 sq. km. This represents the largest
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Fig. 30. Diagrammatic profile section of Mt. Kilimanjaro, as viewed from the south,

to show the principal topographical features and the altitudinal biotic zonation. 1. The

main peak Kibo, 2. the Saddle, 3. the lesser peak Mawenzi, 4. the Shira Plateau and
5. the Shira Ridge (Crater).

and relatively flat area on the mountain. On the west and on the south, the remains
of the Shira Crater form its boundary, but on the east the relatively level ground
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passes gently into the slope of the Kibo Peak and the northern flank of the mountains.
On the west is the Shira Ridge that rises 245 m above its surface, as a series of hills,
like the Shira Needle, the Shira Dome and the East Shira Hill on the south. The
Kibo cone rises to the east and shelters the Shira Plateau from the southeast and
northeast monsoon winds. The morning shadow of the Kibo Peak retards also the
too rapid warming up of the plateau. The Platz Peak and the Lent Valley are con-
spicuous topographical features on the Shira Plateau. The Platz Peak is a dome-
shaped hill, about 210 m above the ground in the southwest corner and probably
represents the eruption cone of the Shira Volcano. The Lent Valley in the east is of
glacial origin and has high lateral moraines. A large number of melt-water streams
flow in the eastern part of the Shira Plateau. An extensive bog on the southeast
receives strcams from the Platz Peak. The rock, exposed on the Shira Plateau, is
chiefly trachydolerite of Shira origin on the west and rhombporphyry of Kibo
origin on the east, showing evidence of frost and arid weathering under desert
conditions. The rocks of Kibo and Shira were laid down as lava and have hard and
evenly weathered surfaces. Numerous boulders of this rock are scattered on the
Shira Plateau. There are also small patches of well developed soil in the area of the
volcanic sand.

i. Ecological Conditions on M. Kilimanjaro

The outstanding features of the ecology and biogeography of the high altitude
insects of Mt. Kilimanjaro are to be attributed primarily to its isolated eminence
in an arid steppe, its location near the equator, its relative proximity to the Indian
Ocean and its relation to the Rift Valley System and lastly its volcanic history.

Mt. Kilimanjaro presents a wide range of climatic and ecological conditions, from
the equatorial arid plain at its base (900 m above mean sea-level) to the perpetual snow
on the summit, with a relatively well defined altitudinal zonation of life on its slopes.
The ecology of this mountain has been studied by « number of workers and the
reader will find an excellent recent review in SALT (913). From the ecological point
of view, Mt. Kilimanjaro is a tropical mountain and is characterized by an essentially
diurnal-thermic climate.

KLUTE'S (628) observations give us some idea of the general atmospheric tempera-
tures at an elevation of about 4000 m on the mountain.

TABLE 21

Mean diurnal fluctuations of atmospheric

temperatures at an elevation of 4000 m on
Mt. Kilimanjaro

Time of the day Temperature ° C

7 hrs 0.1
14 hrs 5.6
21 hrs 0.5
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The mean minimum atmospheric temperature was found to be —1.8° C, the
absolute minimum temperature was —4.0° C and the mean diurnal temperature
range 10° C. The mean atmospheric temperature on the Shira Plateau was 2° C and
the minimum —2.4° at 4 a.m. KLUTE'S screened thermograph, placed at an elevation
of 4160 m, recorded a minimum of 1.8° C, but the unscreened thermograph re-
corded —7.3° C at an elevation of 4340 m. The high intensity of insolation on Mt.
Kilimanjaro is due both to the thinner atmosphere because of the high altitude and
also to the vertical direction of the sunrays characteristic of the equator. MEYER (771)
measured the sun-temperature at an elevation of about 4327 m on the mountain
to be 73° C and at an elevation of 3643 m to be 87.5° C. The rapid radiation and
the presence of large masses of ice have the result of low atmospheric temperatures
on the Upper Kilimanjaro, even near a heated surface. There is, therefore, consider-
able difference between the sun and shade temperatures (628). For example, at an
elevation of 4150 m the sun temperature was found by KLUTE to be 15.5° C and at
the same time the surface temperature on a stone measured 39.5° C, while the shade
temperature of the atmosphere was only 8.3° C. With the atmospheric shade
temperature reading 14° C, he found the sun temperature to be 87.5° C and with
the atmospheric temperature 6° C, the sun temperature was 73° C, thus giving
differences of 73.5° and 67° C respectively. Because the loss of heat from exposed
surface is rapid and the air temperature is low, the surface temperatures at higher
elevations fall very quickly, as soon as the sun is obscured by a cloud. There is thus
not only a very pronounced difference between the sun and shade temperatures,
but we also find here a rapid and rather abrupt change from conditions of high tem-~
peratures to intense cold. The violence of these temperature changes is striking in
the ecology of Mt. Kilimanjaro.

The prevalent directional winds on Mt. Kilimanjaro are i. the southeast monsoon,
ii. an anti-trade wind usually above an elevation of 3865 m, iii. the northeast monsoon
and iv. a local southwest wind. None of these winds are ecologically important on
the Shira Plateau, because the enormous dome of the Kibo Peak, rising 2133 m
above the general level of the plateau on the east, protects the region effectively
from the two principal winds and the Shira Ridge and the Shira Hills on the south
shield large areas of the Plateau from the southwest wind. In addition to these direc-
tional winds, there is an updraft of warm air from the Masai Steppe during the day-
time and a downdraft of cold air from the ice-cap on the Kibo Peak during the night.

The mean annual precipitation on Mt. Kilimanjaro incrcases at first with the
increase in elevation, up to nearly 2440 m above mean sea-level, above which there
is, however, a marked fall in total precipitation, so that the higher elevations of the
mountain are relatively arid. Maximum precipitation at higher elevation is found
on the southwest. The bulk of the rainfall, between 174 mm and 1016 mm, occurs
respectively during April-June and November-December. The rising air currents
from below carry clouds from the forest-zone over the moorland during November,
so that the Shira Plateau is shrouded in dense clouds on the south after 10 a.m.
Later on during the day, especially in the afternoon, damp mists are frequent on at
least the southern half of the Plateau.

Unlike in the case of the mountains of the north temperate and cold regions,
the high altitude climate of the equatorial and tropical mountains is characterized
by greater ecological importance of diurnal fluctuations of atmospheric temperature.
There is indeed a marked cycle of high and low temperatures within twenty-four
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hours of the day on Mt. Kilimanjaro. Both day and night are approximately of the
same duration almost throughout the year. The atmospheric temperature falls below
the freezing point every night on the moorland on Mt. Kilimanjaro and is always
below the freezing point on the alpine desert. The fall of atmospheric temperature
is very rapid after sunset every day, so that there is night frost for nine to ten hours
through the year. There is, however, a period of about two hours in the morning,
before the surface temperature rises too high for the insects to move about and
again one or two hours in the evening, before the ground becomes too cold for
them to come out after sunset. Clouds naturally modify and greatly influence this
cycle and generally serve to greatly ameliorate the severity of the conditions.
Similar conditions prevail on Mt. Kenya also. This diurnal climate of the Upper
Kilimanjaro has a very profound influence on the habits of the high altitude insects.
In the absence of clouds, the surface temperatures during the daytime, even at high
elevations, correspond to those of the lowland hot desert-like conditions. The
insects do not, however, become nocturnal, as in the lowland hot deserts, because
during the night both the atmospheric and the ground temperatures fall below the
freezing point, so that they cannot remain exposed on the surface. We find, there-
fore, that the high altitude insects are completely endogeous on Mt. Kilimanjaro.
Underground, they are not exposed to the extremes of the ground temperature
changes.

ii. Biotic Zones on Mt. Kilimanjaro

The belt of forest that is characteristic of the equatorial East African mountains in
general, lies at elevations between 1800 and 2600 m on the east slope and up to 3200
m on the west slope of Mt. Kilimanjaro (fig. 30). Near the upper limits of the forest
and often also above these limits, Erica arborea LINN. may be found, so that ecolo-
gically the timberline on Mt. Kilimanjaro is not strictly comparable to the treeline
on the European mountains. According to sj3STEDT (979, 980), a number of species of
Phasmida occur at elevations above the forest-line on Mt. Kilimanjaro, a situation
that is unknown either on the Alps or on the Himalaya. Above the upper limits of
the forest, the zone of alpine-prairie extends up to an elevation of about 4200 m on
Mt. Kilimanjaro. Above this limit lies the zone of high-alpine steppe (zone du désert
alpin) and reaches up to the snowline. The soil above the forest zone on Mt. Kiliman-
jaro is not marshy or excessively moist and is everywhere clothed with dense growth
of dwarf grass, so that a greater variety of terricole insects find much wider optimal
conditions than, for example, on the other equatorial East African mountains like
Mt. Kenya and the Ruwenzori Range.

The socalled alpine-zone on Mt. Kilimanjaro commences at elevations between
2600 and 3000 m and is recognized by the presence of plants like Helichrysum and
the arborescent Senecio johnstoni. This zone extends higher to nearly the permanent
snowline, to elevations between 4800 and 5200 m above mean sea-level. ALLUAUD
(30) recognizes the following life zones on Mt. Kilimanjaro: i. the “zone inférieure”
(brousse épineuse), extending up to an elevation of about 1000 m; ii. the “zone des
cultures”, extending to an elevation of about 2000 m; iii the forest zone extends
from an elevation of 2000 to 2600-3000 m; iv. the prairie zone extends to an elevation
of about 4000 m; v. the alpine zone or “désert alpin”, from an elevation of about
4200 m to the permanent snowline (4800-5200 m); vi. the glacier zone from an
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elevation of about 5000 m to the summit of the mountain. In his recent discussion
on the ecology of Mt. Kilimanjaro, sart (913) recognizes nearly the same biotic
zones. According to him, above the thorn-bush and grass of the surrounding steppes,
there is a cultivated zone of coffee, banana and other garden crops, reaching to an
elevation of about 1830 m. A belt of cloud-forest (Nebelwald or fog forest) flourishes
at elevations between 1820 and 2745 m on the east, northwest and southwest and
somewhat narrower on the northeast and north. The moorland zone, above the
forest, extends from an elevation of about 2745 m to 4270 m. SALT subdivides this
zone into a lower moorland zone, from the forest margin to an elevation of 3500 m
and characterized by a variety of high and low shrubs, including Erica, Philippia,
Protea, Adenocarpus, Hypericum and Artemisia, with the giant groundsel Senecio
kilimanjara, diverse grasses, sedges and herbs. In the upper moorland zone, extending
from an elevation of 3500 to 4270 m, the flora is less varied and is dominated by
Philippia jaegeri, Euryops dacrydioides, Helichrysum spp. and the giant Senecio cottonii,
grasses, sedges and some herbs. The vegetation becomes increasingly more open
above an elevation of 3965 m and at about 4270 m, the moorland zone is succeeded
by the alpine-desert zone. The lower reaches of the alpine desert zone are charac-
terized by sparse growth of grass-tufts and some plant cushions, especially under the
shelter of overhanging stones. Still higher up, the vegetation becomes increasingly
sparse. The alpine-desert zone may be taken to extend the limits of Phanerogams to
an elevation of 4878 m. Angiosperms are extremely sparse here, except perhaps in
sheltered places. Only moss and lichens persist among the rocks near the permanent
snow.

The vegetation types of the Shira Plateau comprise the following: 1. The Bog
Formation: i. Sedges and grass communities, ii. Alchemilla cinerea community and
iii. the Bog-heath community. 2. Heath Formation: i. Helichrysum community,
ii. Philippia community, iii. Euryops community, iv. Valley and gorge community,
v. Senecio cottonii community and vi. Erica arborea community.

The sedges and grass communities are composed mainly of Carex monostycha
A. riC. and Deschampsia sp., with low bushes of Alchemilla argyrophylla. The Alchemilla
cinerea ENGL. community includes also A. argyrophylla oL1v. and Lobelia deckenii HEMSL.
The bog ecotone is invaded by Alchemilla cinerea ENGL., A. argyrophylla oL1v., Euryops
dacrydioides orwv., Helichrysum hoehnelii scHwEINE. and H. newii OLIV. & HIERM.
The heath formation is dominated by Ericaceae, Compositae and Rosaceae. The
Helichrysum-community is naturally dominated by H. hoehnelii sCHWEINE. and
H. newii OLIV. & HIERM.

The vegetation of the moorland zone includes Helichrysum spp., at elevations of
4270 m, some clumps of Euryops dacrydioides and rosettes of Trachydium abyssinicum
(Umbelliferac). The vegetation of the alpine desert includes Helichrysum newii
OLIV. & HIERM., H. fruticosum compactum VATKE and Senecio volkensii HOFEM. and the
grasses Koeleria cristata PERS. supina ENGL. and Pentaschistis minor BALL. & HUBB. The
mosses include Grimmia ovalis HEDW. (LINDB.), Hypnum cupressiforme HEDW., Tortula
cavallii NeGRI and Webera afrocruda (c. MULL.) pAR. Even as high as 4880 m above
mean sea-level on the Kibo Peak, clumps of grass flourish in abundance.
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iti. Early Studies on Insects from Kilimanjaro

Mt. Kilimanjaro was discovered in 1848 by joHANNEs REBMANN of the Church
Mission Society, but it was not till 1884 that jouNsTON collected insects from the
region for the first time. His collections were described by WATERHOUSE (1105) and
GODMAN (412). The next important attempts at collecting insects were by KERSTEN of
the Expedition of VON DECKEN, VOLKENS, KERTSCHNER and HANS MEYER (770, 771),
though mainly from the forest-zone on the mountain. The three monumental
volumes of sj0sTEDT’s Kilimanjaro-Meru Expedition of 1905-1906 contain much
valuable information on the general geography, physiography, geology, vegetation
and fauna of Mt. Kilimanjaro (979, 980). sJOsTEDT collected insects and spiders from
within the forest-zone and higher up to elevations of nearly the snowline. The most
important contributions to our knowledge of the insect life of the mountain and its
general ecology are, however, those of ALLUAUD (30-35), JEANNEL (575, 579, $82)
and sALT (913). ALLUAUD himself collected insects largely at elevations between 2800
and 3200 m on Kilema, on the north slope, during 1903-1904; from the southwest
slope on Kiboscho, at the snout of glacier on the Kibo Peak (4000-4800 m), in
February 1904 and again he made extensive collections during 1908-1909, and in
association with JEANNEL during 1911-1912. The Coleoptera, especially the Carabi-
dae, from Mt. Kilimanjaro were described by KOLBE (637), FAIRMAIRE (328), ALLUAUD
(30), ALLUAUD & JEANNEL (35), JEANNEL (575, $79, $83), BASILEWSKY (86) and rIC
(835). FAUVEL (335) and ToTTENHAM (1041) have described the Staphylinidae, BRYANT
(165) the Halticinae and MARSHALL (740) the Curculionidae collected by the different
Kilimanjaro Expeditions. Except for the short notes of GODMAN (412) and BUTLER
(177), we know very little of the Lepidoptera from the higher elevations of the
mountain. The Orthoptera of Mt. Kilimanjaro were described by sjosTeDT (979).
Dermaptera were studied by mincks (517), Hymenoptera (Pompilidae) by Arnorp
(55) and Diptera by vaN EMDEN (319). The Collembola from the mountain were
described by DELAMARE-DEBOUTTEVILLE (244). EVANS (324) has described the Acari and
BEIER (100) the Pseudoscorpions from the mountain. Important contributions to our
knowledge of the spiders form Mt. Kilimanjaro are by DE LESSERT (680), DENIS (246)
and HOLM (539).

iv. Ecological Characteristics of the High Altitude Insects from Kilimanjaro

The ecological studies so far undertaken on Mt. Kilimanjaro seem to have been
mostly confined to the lower elevations and also in particular to the easily accessible
southeast slope. Ecological explorations at higher elevations, near the permanent
snow, may, however, be said to have been almost completely neglected. The most
complete and recent accounts of the ecology of the mountain are perhaps those of
ENGLER (32I), COTTON (222) and SALT (913). COTTON was indeed the first to discover
the giant Senecio at elevations above 3660 m. The fauna of the mountain is unfortu-
nately much less known than the flora and sjosTEDT’s collections and observations
deal largely with the steppes and the cultivated and the forest~zones on the mountain
and only extremely few records refer really to the true high-alpine levels. In the
58 fascicles of ArLuaup and jeanngL’s Expedition of 1912, we find that only three
species are recorded from elevations above 3200 m.

Even a casual observer will not fail to note a certain characteristic similarity to
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ordinary desert conditions in the insect life of the upper Kilimanjaro, but there are
certain fundamental differences. On the upper Kilimanjaro, due to the daily nocturnal
frost, the insects are unable to avoid the extreme high daytime temperatures of the
ground by becoming nocturnal. They are, therefore, cryptozoic-terricole and
endogeous throughout. There is a dominance of forms with shiny and highly
reflecting surfaces, such as, for example, Orinodromus xOLBE and Peryphus ROLBE,
with pronouncedly convex elytra so as to enclose an air space above the dorsum of
abdomen as in the Curculionid Oreonyscius MSHLL. or special coloration for selective
absorption, as for example, in the case of Parasphena BoLivar and Orinodromus albo-
maculatus BASILEWSKY. Most species remain thus concealed underground or under
large stones and even when occasionally found above ground (as in the case of
Tipulidae and Trypetidae), they never attempt to fly. The whole of the insect life
of the upper moorland of Mt. Kilimanjaro is described by saLt (912) to be “seden-
tary, unwilling to fly or to move over the ground”. These peculiarities are even-more
pronounced on the alpine-desert zone than on the moorland. Nearly 85% of the
typical Pterygota from the higher elevations of Mt. Kilimanjaro have either reduced
wings or are wholly unable to fly.

A most remarkable peculiarity of the insect life of the higher elevations on the
mountain is that there is no single cold-hardy, true hibernating stage in the life-cycle
of any species, as we find in the case of the insects from the Alps and the Himalaya,
but all the developmental stages are exposed to the full range of climatic changes
during the twenty-four hours of the day all the year round. Strictly speaking,
there is no winter hibernation, as there is also no true winter on the mountain. Each
stage exhibits, on the other hand, the ability of passing into a dormant condition
during the nocturnal winter and of re-awakening to active life during the daytime
summer every day. Unless an insect can complete both ecdysis and metamorphosis
within a single period of daytime warmth, it must have the capacity for with-
standing low temperatures at night, even in the course of its moulting. It is this daily
alternation of winter and summer conditions that serves as the most important and
decisive limiting ecological factor for the high altitude insects on Mt. Kilimanjaro.

The highest elevations at which ALLuAuD and jeaNNEL collected insects on Mt.
Kilimanjaro are between 2700 and 2800 m, so that their observations do not provide
information about the ecological conditions above the upper moorland zone. In his
1908-1909 Expedition, ALLuAUD did not collect at elevations above 3200 m. In the
first expedition, he collected at elevations between 2800 and 3200 m on the southeast
slope, above Kilema. He also went up the south slope, above Kiboscho and camped
at an elevation of 4200 m in February 1904. The collections made on this occasion
include Phrynacolus (= Amiantus) ater (waTERR.), Orinodromus glacialis XoLBE and
Tachyusa pratensis FVL., from an elevation of 3500 m. The type specimen of Disme-
gistus funebris AMYOT & SERV. was collected by JoHNSTON at elevations between 3050
and 4270 m. Orinodromus deckeni (= nigripennis) GERST. is recorded by VOLKENS at
clevations between 3000 and 4000 m and both the species have since then been found
at lower elevations also. According to KOLBE (in $jOSTEDT, 979), the Scarabacid
Trox montanus KOLBE was taken at elevations between 4000 and 4400 m, but according
to other authors, it was found only at elevations between 2500 and 3000 m. Some
species found in the upper moorland zone of Mt. Kilimanjaro are also known to be
more or less widely distributed in Africa and thus represent comparatively recent
colonizations from lower elevations. Other species occur also on the other East
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African mountains, but are absent on the steppe country between the mountains
This is, for example, the case with Parafolsomia africana sALMON on the Ruwenzori
Range; Forficula sjoestedti BURR on Mt. Meru, Mufumbiro Volcano and Mt. Kenya;
Spilostethus montislunae BERG. on the Ruwenzori Range; Cupido aequatorialis SHARP
on Mt. Kenya, Mt. Elgon, Mt. Birunga and the Ruwenzori Range; Ceutorrhynchus
bipunctatus rust. from Mt. Elgon; Coenosia heterocnemis EmD. from Mt. Elgon,
Aberdare and the Ruwenzori Range; Caricea tetriguttata EMD. from Mt. Elgon;
Hahnia rouleti LEss. from Mt. Meru, Mt. Kenya and the Ruwenzori Range. Some of
the species are peculiar to Mt. Kilimanjaro and are thus true endemics. The common
examples of such endemics are Parasphena pulchripes (cerst.) (fig. 31A), Orinodromus
glacialis ROLBE, Orinodromus albomaculatus BASIL., Afrotarus kilimanus KOLBE, Agonum
johnstoni ALL., Hystrichopus alticola ALL., Omotaphus mixtus kilimanus ALL., Peryphus
sjostedti aLL. (fig. 31D) and Plocamotrechus kilimanus jEaNNEL (fig. 31C).
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Fig. 31. Some typical high altitude insects from Mt. Kilimajaro. A. Parasphena pulchripes

GERST. (apterous), B. Saltia acrophylax (brachypterous), C. Plocamotrechus kilimanus

JEANNEL, D. Peryphus sjostedti ALLUAUD, E. Parasystatiella agrestis msHLL. (Modified
from sALT).

Although at present our knowledge of the insect life at higher elevations on the
mountain is extremely fragmentary, it is nevertheless evident that there is a progres-
sive decrease in the number of species inhabiting the successive zones of the cloud-
forest, the lower moorland, the upper moorland and the alpine-desert. Out of a
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total of about 600 species recorded from within the forest-zone, about §0% are
known on the lower moorland zone, 25% on the upper moorland zone andonly
7% from the alpine desert.

v. Distributional Characters of the High Altitude Insects from Mt. Kilimanjaro

Although widely distributed mountain genera like Bembidion LATR., Agonum BON.,
Atheta THOMS., etc. are found on Mt. Kilimanjaro, it may be observed that there is
really no affinity between the high altitude Coleoptera of Mt. Kilimanjaro and of the
European mountains. The high altitude Carabidae on Mt. Kilimanjaro are particu-
larly remarkable for the minute, apterous subgenus Orinodromus xOLBE of Calosoma
WEBER, related to Carabophanus kOLBE from the Abyssinian Highlands. The species
are mostly non-metallic and dark reddish-brown or also black. Among the other
high altitude Carabidae, mention must be made of Bembidion kilimanum ArLL. (2600-
3000 m), Tachys ascendens ALL. (2600-3000 m), Plocamotrechus kilimanus JEANNEL
(2800 m) (fig. 31C), Zagrochilus bedeli ALL. (2800 m), Otinophomus kilimanus ALL.
(2800 m), Cymindis kilimana KOLBE (2600-3000 m), Hystrichopus alticola A1L. (2600-2800
m), Metabletus kilimanus ALL. (2800-3000 m) and Zuphium ascendens ALL. (2800 m)
(Fig. 34B). The Dytiscidae Hydroporus (Nebrioporus) kilimandjarensis RéG. and Agabus
dytiscoides are reported at elevations between 3000 and 3500 m. The principal Staphy-
linidae so far recorded include Homalium algidum vavv., Staphylinus dispersus FAUV.,
Philonthus altivagans rAUV., Atheta praticola rAUV. and Tachyusa pratensis rauv. The
Tenebrionid Phrynacolus ater (WATERH.), occurring at elevations of 3000 and 4000 m, is
also known from Mt. Kilimanjaro. sy0sTEDT collected several species of Chrysomeli-
dae above the timberline and also came across many interesting apterous Galerucinae
even within the forest-zone on the mountain. The genus Sjéstedtinia ws. is endemic to
the mountain and is at present known only by a single species Sjdstedtinia montivaga
WsE., from elevations between 3000 and 3500 m; specimens of this species were
collected among the dry flowers of Lobelia deckenii. A number of Curculionidae like
Parasystates minor AURLV., Hypsomias lobeliae AURY., Oreoscotus minor AURIV., Oreosco-
tus lobeliae Aurtv. and Cossonus lobeliae Aurty. are also recorded from the mountain;
the genus Parasystates AURIV. is represented by a number of species within the rain-
forest zone of both Mt. Kilimanjaro and Mt. Meru. Some species of Gyrinidae,
Nitidulidae, Cryptophagidae, Cantharidae, Cleridae, Coccinellidac and Scara-
baeidae have also been reported from above the forest-zone on Mt. Kilimanjaro.

M:t. Kilimanjaro seems to be significantly poor in typical mountain autochthonous
Lepidoptera. Most of the species found at relatively high elevations on the mountain
occur indeed also at much lower elevations, often also on other equatorial East
African mountains and on the surrounding steppe country. Cupido aequatorialis
sHARP, found on Mt. Kilimanjaro up to an elevation of about 4000 m, is also widely
distributed on the other equatorial mountains of East Africa, such as Mt. Elgon at
elevations of 2590 m, the Ruwenzori Range, Mt. Kenya and Mt. Birunga and is
perhaps one of the very few typical mountain species in the region. The other
species like Vanessa cardui 1INN., Colias electo LINN., Papilio demodocus Ese., etc.,
usually found above the timberline on Mt. Kilimanjaro, occur also commonly at
much lower elevations on the plains of East Africa. Satyridae, so very characteristic
of the mountain autochthonous fauna of other areas in the northern hemisphere,
seem to be completely absent on Mt. Kilimanjaro. sjostepT collected Phryganopsis
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elongata Auriv. (Lithosiidae); Borolia eripygoides Auriv. (Noctuidae); Oreometra
vittata AURIV., Hypsometra ericinellae Aurtv., Hydrelia costata auriv., Triphosa corti-
cearia AURIV., Onychia (Eubolia) nictitaria H.-SCH., Larentia sjostedti AURIV. (Geometri-
dae); Gorgopsis alticola Aurtv. (Hepialidae); etc., some of which seem to be particularly
confined to elevations above the forest-zone on the mountain.

A few Acrididae, like Heteropternis couloniana sAuss., Parasphena pulchripes GERST.
(fig. 31A) and Chrysochraon kilimandjaricus sjOst., are known exclusively from above
the timberline, at elevations between 3000 and 3500 m on Mt. Kilimanjaro. The
discovery of Chrysochraon FiscH. on Mt. Kilimanjaro is of particular interest, for
according to sjosTeDT, Chr. kilimandjaricus sjost. is closely related to the European
Chr. dispar uEYER. The apterous Dermaptera Forficula sjostedti BURR, found at
elevations between 3000 and 4000 m, is common under stones above the forest, but
the species has also been collected from within the forest zone, at elevations of 2000
and 3000 m; it is also found at elevations of 4000-4300 m on Mt. Meru.

Collembola occur at very high elevations on Mt. Kilimanjaro. sjostepT found,
for cxample, Mesira annulicornis BORNER at an elevation of about 3800 m. They are most
abundant on the lichen-incrusted rock at the edge of permanent snow, at an elevation
of s500 m. Recently sALT has also recorded Hypogastrura BOURL. at high elevations
on the mountain.

vi. Vertical Distribution of Insects on Mt. Kilimanjaro

sALT (913) has recently listed the species of high altitude insects, associated with
different vegetation communities in the different biotic zones on Mt. Kilimanjaro.
The greatest bulk of the Invertebrates studied by him were found at elevations
between 3400 and 4575 m. Nearly 62% of the species from the alpine-desert zone
are endemic to Mt. Kilimanjaro.

The following synopsis of the vertical distribution of high altitude insects on
Mt. Kilimanjaro is summarized from sarLT (op. cit.):

I. Species characteristic of the bog-formation at an elevation of about 3680 m

Diptera: Tipula subaptera FREEMAN (fig. 32), flightless; Pseudosmittia salti FREEMAN, a
true bog-chironomid, with the larvae feeding in small accumulations of water;
Coenosia heterocnemis melanotmeros EMD., Hylemya salti EMD. (muscoid flies). Arachnida:
Trochosa urbana caMB. and Sphaerolophus salti EVANS.

II. Species characteristic of the heath-formation

1. Helichrysum-community

Coleoptera: Mnionomus bicolor BrUCE (Cryptophagidae), Sjostedtinia sp. prox.
montivaga wsg. (Galerucidae), Longitarsus salti BRYANT. Diptera: Paroxyna shiraensis
MUNRO, Urophora pantomelas BEzz1 (Trypetidae); Coenosia heterocnemis Emp., C. h.
melanomeros EMD., Helina posterodorsalis EMD., Carica fetriguttata EMp. and Wagneria
rufitibia abbreviata MEsN. (Tachinidae). Arachnida: Dictyna montana TULLG.

2. Philippia-community

Heteroptera: Orthotylus spp. (Miridae). Coleoptera: Ceutorrhynchus bipunctatus HUST.,
known also from Mt. Elgon at an elevation of 3500 m. Arachnida: Dictyna montana
TULLG.

3. Euryops-community

Coleoptera: Longitarsus salti BRYANT and Ceutorrhynchus bipunctatus HUST. Diptera:
Paroxyna salina MUNRO, P. saltorina MmuNro (Trypetidae); Coenosia heterocnemis mela-
nomeros EMD., Helina posterodorsalis EMD. and Wagneria rufitibia abbreviata MEsN. Collem-
bola: Lepidocyrtinus armillatus pallidus DEL. Arachnida: Dictyna montana TULLG.
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Fig. 32. Tipula subaptera FREEMAN (After SALT).

4. Moss community

Coleoptera: Troposipalia africana TorT. (Staphylinidae) and Phrynacolus ater (WATERH.)
(Tenebrionidae). Heteroptera: Nysius salti USINGER. Collembola: Lepidocyrtinus armillata
pallida DEL. Arachnida: Clubiona abbajensis kibonotensis LEss., Xysticus sp., Hahnia rouleti
LESS., Pardosa karagonis STRAND, Oribata geniculata LINN., Bdella piggotti EVANS, Erythraeus
nasalis EVANS and Anystis baccarum LINN.

5. Hypolithic community

Orthoptera: Parasphena pulchripes GErsT. Dermaptera: Forficula sjostedti BURR. Cole-
optera: Afrotarus kilimanus KOLBE, Agonum johnstoni ALL., Hystrichopus alticola ALL.,
Omotaphus mixtus kilimanus ALL., Peryphus sjoestedti ALL., Leptacinus miltoni TOTT.,
Phrynacolus ater (WATERH.), Mpyrcina sp., Heterocossonus lobeliae AURIV. Arachnida:
Pardosa karagonis STRAND, Lamyctes africana (PORAT) and Erythraeus nasalis EVANS.

6. Soil community

(i.) At elevation of 4270 m. Coleoptera: Longitarsus salti BRYANT, Parasystatiella sp.
Collembola: Hypogastrura sp., Mesaphorura salti DEL., Parafolsomia africana SALMON,
Lepidocyttinus armillata pallida DEL. Acarina: Africoribates ornatus EVANS, Microtegeus
undulatus BERL., Scheloribates laevigatus KOCH, Protoribates shiraensis EVANS.

(ii.) At elevation of 4420 m. Coleoptera: Plocamotrechus kilimanus JEANNEL, Oreosecus
porculus MsHLL. Collembola: Lepidocyrtinus armillatus pallidus DEL. Arachnida: Clubiona
abbajensis kibotensis LEsS., Thanatus sp., Hahnia rouleti LESS., Pardosa karagonis nivicola
LESS.
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(iii.) At elevation of 4575 m. Collembola: Friesea africana DEL. Parafolsomia africana
SALMON. Arachnida: Scheloribates laevigatus KOCH, Protoribates shiraensis EVANS and
Africoribates ornatus EVANS.

III. Species characteristic of the moorland-zone

Orinodromus albomaculatus BASILEWSKY on rock; Tipula subaptera FREEMAN, with
greatly reduced wings and flightless in both the sexes, crawl about in hundreds on
cushions of Trachydium abyssinicum (Umbelliferae).

IV. The Alpine-desert communities

1. Hypolithic community

Dermaptera: Forficula triangulata HINCKS; Heteroptera: Spilostethus montislunae BERG.
and Oreonysius rugosus USINGER; Coleoptera: Peryphus sjoestedti ALL., Oreoscotus salti
MSHLL., Parasystaticlla agrestis MSHLL.; Lepidoptera: Saltia acrophylax tams, Gorgopsis
salti Tams; Chilopoda: Lamyctes africana (PORAT) ; Arachnida: Allothrombium barbuligerum
ANDRE.

2. Soil community

Collembola: Parafolsomia africana SALMON; Arachnida: Africoribates ornatus EVANS,
Scutovertex africanus EVANS, Scheloribates laevigatus KOCH, Protoribates shiraensis EVANS.
sALT records the following species at an elevation of 4880 m: Lepidocyrtinus armillatus
pallidus DEL., Parasphena pulchripes GERST., Forficula cavallii BOR. (the highest elevation
for Dermaptera on Mt. Kilimanjaro); Peryphus sjoestedti ALL., Parasystatiella arctipes
MSHLL. and Hahnia sp.

The following is a list of species collected by saLT at elevations of 3500-4250 m
on the upper moorland zone of Mt. Kilimanjaro:

Orthoptera: Parasphena pulchripes GERST. (fig. 31A). Dermaptera: Forficula sjostedti
BURR. Corrodentia: Mesopsocus montinys ENDERLEIN. Ephemerida: Baetis sp.
Heteroptera: Lamprostenarus sp. prox. sjostedti pOP., Orthotylus sp., Nysius salti USINGER,
Eupteryx salti RIBAUT, Nadasius acutipennis RIBAUT. Coleoptera: Afrotarus kilimanus
KOLBE, Agonum johnstoni ALL., Hystrichopus alticola ALL., Omotaphus mixtus kilimanus
ALL., Orinodromus albomaculatus BASILEWSKY, Peryphus sjostedti ALL. (fig. 31D), Leptacinus
miltoni TOTT., Philonthus swynnertoni TOTT., Troposipalia africana TOTT., Aposericoderus
minor PAUL., Mnionomus bicolor BRUCE, Sjostedtinia sp. prox. montivaga WsE., Longitarsus
salti BRYANT, Phrynocolus ater (WATERH.), Biophinina obscura p1C., Ceutorrhynchus bipunc-
tatus HUST. and Heterocnemis lobelliae AURIV. Lepidoptera: Gorgopsis salti TAMS, Eupi-
thecia salti FLETCHER, Hypsometra ericinellae AURIV., Oreometra vittata AURIV. Diptera:
Tipula subaptera FREEMAN (fig. 32), Pseudosmittia salti FREEMAN, Paroxyna salina MUNRO,
P. saltorina MUNRO, P. shiraensis MUNRO, Urophora pantomelas Ezz1, Thereva sp., Coenosia
heterocnemis melanomeros EMD., Helina posterodorsalis EMD., Hylemya salti EMD., Wagneria
rufitibia abbreviata mesN. Collembola: Brachystomella parvula (SCHAFFER), Friesea africana
DEL., Hypogastrura spp., Mesaphorura iowensis (MILLs), M. kilimanjarica DEL., M. salti
DEL., Pronura kilimanjarica DEL., Pseudachorutes sp., Ballistura excavata FoLsom, Lepi-
docyrtinus armillatus pallidus DEL. and Sminthurinus salti pEL. Chilopoda: Lamyctes afticana
(poRAT). Chelonethida: Titanatemnus montanus BEIER. Araneida: Dictyna montana TULL.,
Drassodes kibonotensis TULL., Clubiona abbajensis STRAND, Xysticus fagei LEsS., Heliophanus
crudeni LESS., Pardosa karagonis (STRAND), Trochosa urbana cams., Hahnia rouleti LESS.,
Nesticus ambiguus DENIS. Acarina: Bdella piggotti EVANS, Anystis baccarum (LINN.), Balaustium
angustutn EVANS, B. bisetis EVANS, Erythraeus areolata TGDH., E. nasalis EVANS, Sphaerolophus
salti EVANS, Oribata geniculata (LINN.), Oribatula setosa EVANS.

The following is a list of the species recorded by saLT at an elevation of 4250 m on
the alpine-desert zone of Mt. Kilimanjaro:

Orthoptera: Parasphena pulchripes GErsT. (fig. 31A). Dermaptera: Forficula cavalli
BOR., F. triangulata HINCKS. Heteroptera: Oreonysius rugosus USINGER, Spilostethus
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montislunae BERG., Pterasthenia shiraensis STOYRAN. Coleoptera: Peryphus sjostedti ALL.
(fig. 31D), Plocamotrechus kilimanus JEANNEL (fig. 31C), Longitarsus salti BRYANT, Oreo-
scotus salti MSHLL., Oreosecus porculus MSHLL., Parasystatiella agrestis MsHLL. (fig. 31E),
P. arctipes MSHLL. Collembola: Friesea africana DEL., Hypogastrura sp., Mesaphorura salti
DEL., Parafolsomia africana SALMON, Lepidocyrtinus armillata pallida DEL. Chilopoda:
Lamyctes africana (PORAT). Araneida: Clubiona abbajensis kibonotensis LESS., Thanatus sp.,
Pardosa karagonis nivicola LEss and Hahnia rouleti LESS. Acarina: Hypoaspis praesternalis
WILLM., Allothrombium barbuligerum ANDRE, Oppia africanus EVANS, O. nasalis EVANS,
Microtegeus undulatus BERL., Scutovertex africanus EVANS, Scheloribates laevigatus KOCH,
Africoribates ornatus EVANS, Protoribates shiraensis EVANS.

3. MT. MERU, MT. KENYA, MT. ABERDARE AND MT. ELGON

Mt. Meru, Mt. Kenya, Mt. Aberdare and Mt. Elgon are all volcanic formations
of Tertiary times and are perhaps best considered at one place here.

Mt. Meru (near 2° 30" SL and 36° 20" EL), about 50 km to the west of Mt. Kili-
manjaro, close to the Kenya-Tanganyika border, in Tanganyika, rises to an elevation
of 4558 m above mean sea-level.

Mt. Kenya and Mt. Aberdare both rise from a vast elevated arid plain, with a
mean altitude of 1600-1800 m, in the interior of East Africa. Mt. Kenya (0° 28’ SL)
(elevation s194 m above mean sea-level) is a somewhat irregular cone, with a
shattered top. It is the second highest mountain in Africa and is in reality the ruined
stump of an ancient volcano, which when in eruption must have naturally been
hundreds of metres higher than at present and was perhaps loftier than even Mt.
Kilimanjaro. It is deeply scoured by gullies, especially on the east and south slopes.
Unlike in the case of Mt. Kilimanjaro, the base of Mt. Kenya is not inhabited and
there is no cultivated zone also on this mountain. The forest-zone commences at
elevations of about 2300-2400 m and ascends, somewhat higher than on Mt. Kili-
manjaro, to nearly an elevation of 3300 m. The forest-zone consists of volcanic ash
and tuff, with some lava flows and the rocks are better exposed in the alpine zone
than at lower elevations. The central peak is of solidified rock in the throat of the
volcano and is consolidated as a plug of hard rock. The alpine prairiec on Mt. Kenya
is characterized by taller grass than on the alpine zone of Mt. Kilimanjaro and is also
far more humid. Above an elevation of 4500 m there are snow-fields and glaciers.
Interesting accounts of the general geography and physiography of Mt. Kenya may
be found in DUTTON (288), and GREGORY (424, 425) has given some account of the
geology and glacial history of the mountain.

Mt. Aberdare is really a mountain ridge, extending nearly north-south between
the equator and the 1° SL (somewhat east of 36° EL) in Kenya and about 100 km
to the southwest of Mt. Kenya. It is not as high as Mt. Kenya; its highest points,
Sattima and Kinangop, are only 3963 and 3960 m in elevation respectively. Mt.
Aberdare overlooks Lake Naivasha on the west. The Peak Sattima is about 100 km
to the northwest of Nairobi. The mountain is not at present capped by snow.

Mt. Elgon (1° NL in Kenya-Uganda), also known as Massawa, is an extinct
volcano that forms a vast isolated mass, over 64 km in diameter at the base. Its
slopes are precipitous on the north, west and south, but gentle on the east. The
southern cliffs are remarkable for the presence of numerous caves that have apparent-
ly risen under the action of water. The mountain has the rim of an old crater, about
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13 km in diameter. The highest point of the rim is 4321 m above mean sea-level.
Steep spurs, separated by narrow ravines, provide for a large number of streams
on the northwest and west, ending in the R.Nile through Lake Choga and on the
south and southeast to Lake Victoria Nyanza and on the northeast to Lake Rudolf.
The outer slopes of the mountain are covered by forests, especially bamboo forest,
on the south and west, which also receive much heavier rainfall than the other
slopes.

Traces of three separate glacial periods, with interglacial times, are found on the
East African equatorial mountains and on parts of the Abyssinian Highlands. The
last glacial period is also generally supposed to have produced the maximum glacia-
tion in the area. Ancient moraines occur in the Nithi Valley on the east side of Mt.
Kenya and glacial moraines occur also here and there and in other river valleys up
to an elevation of 3000 m. The three glacial periods on the East African mountains
paralleled the glacial times in Europe. There is at present no ice on the highest peak
Sattima of Mt. Aberdare, but during the Pleistocene small glaciers flowed down to
an elevation of 3700 m.

The top of Mt. Elgon was covered by a glacier cap, nearly 72 sq. km in size.
Glaciation did not perhaps extend very low down on Kilimanjaro, but to clevations
between 3600 and 3800 m only. The lowest limit of glaciers during the Pleistocene
was perhaps 3550 m above mean sea-level. The glaciers are dwindling on Mt. Kenya,
Mt. Kilimanjaro and on the Ruwenzori Range at present. Some glaciers have in-
deed completely disappeared on Mt. Kenya within the last 35 years.

FRIES & FRIES (387) have recently discussed some of the salient features of the general
ecology and phytogeography of Mt. Kenya and Mt. Aberdare. They have given
an interesting account of the altitudinal zonation of vegetation, the general characters
of the vegetation, the principal plant formations and communities of the basal
plateau and of the montane rain-forest zone, the marginal belt of the forest, the
bamboo zone, the Hagenia-Hypericum zone, the alpine and the nival zones. They
have also drawn attention to certain important aspects of the historical development
of the flora of Mt. Kenya. See also COE (215a).

The altitudinal zonation of life on both Mt. Kenya and Mt. Aberdare agrees in
its main features. The basal plateau is dominated by the steppe-vegetation, especially
Themeda-steppe, widely spread all over Africa. There are also gully forests along
the larger mountain streams. Beginning from the basal plateau, the montane rain-
forest zone extends upward to an elevation of nearly 2380 m. Above this limit lies
the sharply defined bamboo zone, reaching above to an elevation of 3200 m.The
lower and higher parts of the bamboo zone differ more on the western slope of Mt.
Kenya and onthe eastern slope of Mt. Aberdare than on the other slopes of these
mountains. The lower and the upper bamboo zones are separated from each other
at approximately the boundary altitude of 2810 m. There is then a narrow belt of
about 100-150 m of Hagenia-Hypericum zone. The alpine zone follows above this
belt, from elevations between 3225 and 3300 m. The upper limit of Phanerogams
is at about 4500 m on Mt. Kenya, above which lies the nival zone. There are no
alpine and nival zones on the lower Mt. Aberdare. We can also clearly recognize on
Mt. Kenya a lower-alpine zone as distinct from an upper-alpine zone, with the
boundary altitude between them at about 3860 m. Relatively less rain falls on the
north slope of Mt. Kenya. Erosion gullies, wide above and narrow lower down,
often locally depress the zonal lines. In the upper-alpine zone the general ecological
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conditions are predominantly influenced by the prevailing climatic factors, but in
the lower-alpine zone it is the edaphic factors that exert a significant influence on the
ecological conditions.

The vegetation of the alpine zone on Mt. Kenya is remarkable for Lobelia and
Senecio, at elevations of 3600 m. The lower limit of the alpine zone, towards the
Hagenia-Hypericum belt, is generally sharply defined. Stray individuals of Hypericum
grow at higher elevations, especially underneath steep cliffs. The alpine zone extends
from the upper limit of the Hagenia-belt to approximately 4500 m, where it passes,
without a sharp boundary line, into the nival zone. The presence or the absence of
giant Senecio forms the only basis for the subdivision of the alpine zone into the
lower and upper-alpine sub-zones on this mountain. The tree-like S. keniodendron
is absent in the lower-alpine zone, where, however, the trunkless S. brassica is
prominent; its uppermost limit is 3860 m. The upper-alpine zone is characterized
by the dominance of the tree-like Senecio. A rosette-forming trunkless species occurs
thus at lower elevations, but the arborescent species of the same genus grows at
higher elevations. The last Senecio trees grow at about 4455 m above mean sea-level.
Sparse in the lowermost part of the alpine zone, S. brassica becomes dominant at
elevations of 3420 m, in a steppe composed mainly of Festuca pilgeri. The cabbage-
like leaf rosettes, almost without stalks, are remarkable for their white and woolly,
exposed undersides of the leaves. Senecio keniodendron appears at altitudes at which
S. brassica disappears and its sparsely branched trunk grows up to heights of 6 m
(or it may also be unbranched at higher elevations) and covered by leaf-fragments.
Isolated plants grow at the very highest level of the alpine zone. S. battiscombei is
tree-like and is more branched than the other species and is peculiar to Mt. Kenya,
in the lower-alpine zone, on the slopes and below steep cliffs, at an elevation of
3600 m. There are also two other dominant species, viz. Lobelia telekii, followed by
L. keniensis about 100 m higher up. The former species grows up to the nival zone
(4450 m), but the latter species disappears at about 4085 m above mean sea-level.
The characteristic Ericaceae include Erica arborea, Philippia keniensis and Ph. excelsa
on ridges in the lower-alpine zone. The Senecio brassica—Festuca association occupies
the greater part of the lower-alpine zone (the regio alpina inferior), but is absent in
localities of pronounced solifluction and bare rocky ground. Senecio brassica grows
luxuriantly on grassy steppe, mainly of metre-high tussocks of Festuca pilgeri gemina.
Other species include Agrostis trachyphylla, Lobelia keniensis, L. telekii, Carex mono-
stachya, the yellow-flowered Haplocarpha rueppellii with its leaf-rosettes pressed
close to the ground, Swertia leucantha and Sw. mearnsii and the mosses Polytrichum
keniae and Campylopus stramineus. The characteristic vegetation on the steep cliffs
in the eroded ridges in the higher reaches of the lower-alpine zone includes Senecio
battiscombei below and S. keniodendron at higher levels, Ericaceae bush, Arabis cunei-
folia, Sedum ruwenzoriense, Asplenium uhligii, Polypodium rigescens, Antholyza speciosa,
Helichrysum stuhlmannii keniense and Cineraria kilimandscharica. Lichens, especially
the yellow Usnes, Gyrophorae and Parmeliae, are abundant on rock. The com-
monest mosses include Andreaea cucullata, Bartramia afro-ithophylla, Brentelia sub-
gnathophalea, Frimmea ovata, Rhacocarpus humboldtii and Rhacomitrium durum.

Solifluction occurs as low as the lower-alpine zone, but is much more frequent
higher up and such localities are characterized by the presence of Cerastium caespi-
tosum, C. keniense, Sagina sp., Oreophytum falcatum depauperatum f. leiophyllum,
Tachydium abyssinicum, Senecio keniophytum decumbens and S. k. glabrior. A number
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of grasses and other plants grow on wind-eroded solifluction localities in the upper
parts of the upper-alpine zone, close to the upper limit, viz. 4480 m, in February.
The more important of these plants are Agrostis volkensii deminuta, Anthoxanthum
nivale, Festuca pilgeri, Cerastium caespitosum, C. keniense, Sagina sp., Arabis cuneifolia
meruensis, Oreophytum falcatum var. depauperatum f. leiophyllum, Alchemilla keniensis
subuniloba, Swertia subnivalis, Myosotis keniensis, Calamintha kilimandschari, Galium
simense hypsephilum, Valeriana keniensis, Lobelia telekii, Cardus platyphyllus, Helichrysum
brownii, H. fruticosum compactum, Senecio keniodendron, S. keniophytum candidolanatus
and Senecio platzii.

The fundamental ecological difference between Mt. Kenya and the other East
African mountains is more readily observed at higher altitudes than in the lower
montane rain-forest zone. Only about 8%, of the species of this zone are endemic
on Mt. Kenya, 11% in the high-montane bamboo zone and Hagenia zone and about
$3% in the alpine zone. The alpine flora and the terricole insect fauna of Mt. Kenya
are isolated in the highest degree from those of the other East African mountains.
The alpine zones of Mt. Kenya and of Kilimanjaro are separated from each other by
nearly a gap of 300 km of hot arid steppes. Only 18 of the purely alpine species of
Mt. Kenya occur on Mt. Kilimanjaro also. The two mountains, as close as Mt.
Kenya and Mt. Aberdare, with their alpine zones only about 68 km apart, exhibit
great differences in their alpine-zone flora. Only 14 species of the purely alpine-
flora of Mt. Kenya occur, for example, on the alpine zone of Mt. Aberdare.

It is extremely difficult to determine the precise boundary altitudes of the different
biotic zones on Mt. Aberdare, especially at higher elevations; there is also no nival
zone on this mountain. The valley phenomenon is conspicuousin the partly depressed
plateau, causing a curious zone inversion, so that the naturally altitude-conditioned
“alpine zone” occurs often above the Hagenia-Hypericum zone—the alpine high
plateau edaphically conditioned by the valley phenomena at the bottom of the
depression (BJOKMANN’s regio alpina descensa on the North Scandinavian mountains).
To the alpine zone belong all the vegetation, lacking bamboo or Hagenia~Hyericum
association, i.e., the open treeless steppes, interrupted by thickets and tree-like
Senecio. Two sub-zones may be recognized by these characters, but with vague
boundaries of about 3 500-3600 m in the valleys, at the lower levels of which Senecio
trees no longer form stands. The limit is slightly higher on the slopes of the valleys.
Giant Senecio are prominent on the alpine zone of Mt. Aberdare: S. brassicaeformis
parallels S. brassica of Mt. Kenya. Lacking a trunk, its leaf rosettes are, however,
open and the underside of th: leaf lacks also the white woolly hairs. It grows as
low as in the Hagenia~Hypericum belt and also extends to very high altitudes, nearly
to the peak Sattima. Senecio aberdaricus is tree-like, nearly 7 m high, with the trunk
more slender than that of S. keniodendron of Mt. Kenya and is dichotically branched
at the top. It forms small forests underneath cliff precipices and occasionally also on
the very top of Sattima.

The bearded giant Lobelia telekii occurs also on Mt. Aberdare. L. sattimae is a
parallel to L. keniensis. None of the species play physiognomically the same r6le as
on Mt. Kenya. L. sattimae grows up to the upper-alpine zone and L. telekii grows
on the summit of Sattima.

As on Mt. Kenya, there are on Mt. Aberdare also thickets of the bushlike Erica
princeana aberdarica up to an elevation of 3600 m and Philippia excelsa, 1.5 m high
in the alpine zone, but 4-s m high in the lower Hagenia-Hypericum belt. Stoebe
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kilimandscharica (Compositae) is physiognomically conspicuous, with its grey
hairiness; Cliffortia aequatorialis (R osaceae) grows to 4-5 m height and represents the
northernmost limit of the genus in Africa. It is found sparingly also on Mt. Kenya,
but many species occur in South Africa. The principal alpine-zone association on
Mt. Aberdare is Koeleria convoluta-Alchemilla cyclophylla, characteristic of dry or
slightly moist localities. It reaches on Sattima right up to the summit (387).

The most important contributions on the insect life of Mt. Kenya are by ALLuaup
& JEANNEL (34, 35). TOTTENHAM (1041) described an interesting collection of Staphy-
linidae from the mountain. HANCOCK & SOUNDRY (466) have described the fauna of
Mt. Elgon. sarLt (913) has also recently attempted to compare the insect fauna of
Mt. Kilimanjaro with that of Mt. Kenya, Mt. Meru, Mt. Aberdare and Mt. Elgon.

Among the extremely interesting subterranean Coleoptera at the edge of the
forest-zone on Mt. Kenya, mention may be made of the blind Carabid Scotodipnus
jeanneli ALLUAUD at elevations between 2600 and 2800 m, the Pselaphid Jearinelia
microphthalmus RAFER., remarkable for its very minute and unpigmented eyes and
blind Staphylinidae and microphthalmous Curculionidae. Bembidion (Acropezum)
mackinderi ALLUAUD (at elevations of 3800-4400 m), Plocamotrechus kenyensis JEANNEL
(4000-4500 m), Kenyacus acrobius ALLUAUD (3500-3700 m), Kenyacus hypsibius
ALLUAUD (2800-3500 m), Peryphus mackinderi ALLUAUD, Plocamotrechus unisetosus
JEANNEL, Parasystatiella rugulipennis MSHLL., Oreoscotus fulvitarsis must. and Coenosia
heterocneme END., Scarites hutchinsoni ALLUAUD (2500 m), Sc. kenyensis ALLUAUD
2900 m) in the upper reaches of the bamboo forest and Bembidion (Hypsipezum)
kenyense ALLUAUD in open areas within the upper reaches of the Podophyllum-bamboo
forest are the other interesting records of high altitude insects from Mt. Kenya. It
may be remarked that the genus Plocamotrechus JEANNEL is also known from South
Africa and as already mentioned, it is represented on Mt. Kilimanjaro, Mt. Elgon and
on the Ruwenzori Range and thus appears to be a typical mountain genus that has
spread to the south temperate areas in Africa. JEANNEL records a second species
Pl elgonicus ALLUAUD on Mt. Elgon. Trechus sjostedti ALLUAUD has als been found at
higher elevations on Mt. Meru. It is remarkable that while the apterous Calosoma
WEBER is absent on Mt. Kenya, the apterous C. (Carabomorphus) catenatum ROESCHKE
extends on Mt. Aberdare from the edge of the forest to the alpine zone (3000-3100
m). Mention may also be made of Tachys gilvus scHAUM. (3600 m), Trechus kenyensis
JEANNEL (3000-4000 m), Tr. k. atripes JEANNEL (4500 m), Orinophonus hypsinomus
ALLUAUD (2900 m) on Mt. Kenya, Agonum kenyense ALLUAUD (2800 m), A. oribates
ALLUAUD (3000 m) and Metabletus otinodromus ALLUAUD (2500 m).

The following is a list of the species at different altitude levels on Mt. Kenya:

Species at elevations of 2500-2900 m: Scarites hutchinsoni ALLUAUD, Sc. kenyensis
ALLUAUD, Bembidion (Hypsipezum) kenyense ALLUAUD, Scotodipnus jeanneli ALLUAUD,
Orinophonus hypsinomus ALLUAUD, Agonum kenyense ALLUAUD, A. oribates ALLUAUD,
Metabletus orinodromus ALLUAUD.

Species at elevations of 2900-3 500 m: Kenyacus hypsibius ALLUAUD.

Species at elevations of 3500-3750 m: K. acrobius ALLUAUD.

Species at elevations of 3600-4200 m: Tachys gilvus scHAUM., Trechus kenyensis
JEANNEL and Bembidion (Acropezum) mackinderi ALLUAUD.

Species at elevations of 4000-4500 m: Trechus kenyensis atripes JEANNEL and Ploca-
motrechus kenyensis JEANNEL.

ALLUAUD & JEANNEL (0p. cit.) report from Mt. Aberdare the interesting Carabomor-
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phus catenatus ROESCHKE at elevations of 2650-3000 m; there are two subspecies, viz.
C. ¢. bastinelleri RoESCHKE and C. c. kolbei ROESCHKE; Scarites hypsipus ALLUAUD at an
elevation of 2650 m on the southwest slopes at the base of Kinangop; Sc. abarderensis
ALLUAUD at an elevation of 3000 m in open localities in the upper reaches of the bam-
boo forest and on the alpine-prairie at the base of Kinangop; Bembidion (Omotaphus)
mixtum altipeta ALLUAUD at an elevation of 2750 m in the upper reaches of the forest
and the alpine-prairie; Tachys ascendens ALLUAUD at an elevation of 2700 m on the
alpine-prairie; Orinophonus hypsinomus ALLUAUD at 3000 m on the alpine-prairic at
the base of Kinangop; Harpalus gregoryi ALLUAUD at 2460 m on the west slope;
Agonum oribates ALLUAUD at 3000 m and A. kinangopum ALLUAUD at 3000 m on the
alpine-prairie. Orinophonus hypsinomus ALLUAUD occurs both on Mt. Aberdare at an
elevation of 3000 m and on Mt. Kenya at an elevation of 2900 m and Agonum oribates
ALLUAUD also occurs at an elevation of 3000 m both on Mt. Kenya and Mt. Aberdare;
Tachys ascendens ALLUAUD occurs at an elevation of 2700 m both on' Mt. Aberdare and
on Mt. Kenya. There is the interesting record of the Staphylinid Paederus alticola
FAUVEL ‘at elevations of 3000-3500 m and of the Carabid Hystrichopus meruensis
ALLUAUD at 4300 m on. Mt. Meru. The Lepidoptera Cupido aequatorialis SHARP occurs
on Mt. Elgon at an elevation of 2500 m, on Mt. Kenya and on Mt. Kilimanjaro at
elevations of 3000-4000 m and on Mt. Birunga at 2900 m. Forficula sjostedti BURR
occurs at elevations of 4000-4300 m on Mt. Meru. The intensity of speciation seems
to be high among the present-day high altitude Coleoptera from Mt. Elgon. Ac-
cording to the observations of sCOTT (950), more than 20 species and subspecies have
been found on only one-tenth area of its crater (the circumference of which is
only 16 km).

4. THE RUWENZORI RANGE

The Ruwenzori, commonly called the Mountains-of-the-moon, is also known
under the names Ukonju, Bugombowa, Avuruku, Avirika, Ruwenzuru-ru, Ruwen-
jura, etc. meaning the King-of-clouds or the Rain-maker and Ru-nssoro, Kokora,
Kiriba or the Mountain-of-mountains and Ansororo or snow. The range is situated
less than half a degree north of the Equator in Uganda (about 30° EL), with a general
direction north-northeast to south-southwest, in the shape of an enormous G. It is
about 110 km long and so km wide in its broadest place. The Ruwenzori rises from
the so-called Albertine Depression that lies about 180-200 m below the mean level
of the surrounding land and contains the basins of the lakes Albert and Albert-
Edward. This Depression is a part of the Western Rift. The Ruwenzori Range is
indeed nearly completely surrounded by the Albertine Depression. It is without
doubt the largest group of snow-covered.high mountain range of Africa, situated
in the middle of the continent and extending roughly in the direction of the prin-
cipal axis of the landmass.

Of the six principal groups of high peaks, with glaciers and separated from each
other by snow-free cols, the easternmost is Mt. Gessi and the westernmost is Mt.
Emin. The latter joins Mt. Speke at the point where the range turns westward and
rises to the highest peak group, viz. Mt. Stanley, and extends around in an eastward
curve to Mt. Baker. To the south of this is Mt. Thomson. The Mt. Stanley group
includes the highest twin peaks Margarita (5125 m) and Alexandra (5090 m), with
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other lesser peaks like Elena (4990 m) and Savoia (4980 m). The most important
river basin to the east of the chain is that of the Bujuku Valley, surrounded by five
mountain groups and fed by the glaciers from Mt. Stanley, Mt. Speke and Mt. Gessi.
The upper Mobuku Valley receives the melt-waters from the Baker Glacier and
other lesser glaciers on the east side of Mt. Luigi di Savoia. The western slopes are
very much steeper (gradient 22°) than the eastern slopes (gradient 4°) and the distance
from the foot of the mountain to the watershed is considerably less. At the south end,
two narrow spurs project from the main mass into the Lake Edward Plain and reach
almost to the edge of the lake. In the north the lower slopes gradually pass into the
high country (1525 m above mean sea-level) below and continues along the east of
the Lake Albert. The main ridge is, however, rather narrow at this point and extends
into the Semliki Valley, nearly to the Lake Albert. Mt. Karisimbi (4507 m), in
Ruanda near Lake Kivu (close to 1°30’SL and west of 30°EL), forms a part of the
Albert National Park and should be considered to represent the southernmost
extreme of the Ruwenzori Range.

It may be remembered that while both Mt. Kilimanjaro and Mt. Kenya are
isolated high massifs, which were originally active volcanoes, the Ruwenzori is,
on the other hand, a chain of mountains, consisting of primitive rocks. Three causes
are generally believed to underlie the uplift of the Ruwenzori mountains: geo-
tectonic, stratigraphic and lithographic. The main features are the upheaval en bloc of
a whole portion of the Archaean rocks of Central Africa, with a main slope for the
rise from the west to the east, related in the main to the gigantic western fracture,
vertical displacements, etc., the ellipsoidal or anticlinal elevation, with the general
direction from the north to the south and the strata more or less conspicuously
uplifted in the Ruwenzori group. A central group of rocks like amphibolites,
diorite, diabasis, amphibolic gneiss, etc. have resisted the weathering, but the gneiss
rocks and mica schists of the lower zone are far less resistant to weathering.

i. General Ecological Conditions and Biotic Zonation on the Ruwenzori Range

The mean atmospheric temperatures at elevations of about 1830 m are never very
high on the Ruwenzori mountains, but the temperatures do not also fall very low
evenat the summit. At an elevation of about 1980 mthe meanatmospherictemperature
is 23.35° C for the maximum and 14.9° C for the minimum. Above the permanent
snowline, the maximum atmospheric temperature is 6.1° C and the minimum is
—3.3° C. The following mean temperatures were recorded by the Italian Ruwenzori
Expedition (241) at different altitudes during the summer:
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TABLE 22

Mean atmospheric shade temper-

atures at different altitudes on the
Ruwenzori Range

Elevation Mean
in m temperature ° C
1916 16.6
2910 0.6
3506 9.7
3795 6.6
3918 10.7
3933 6.2
4032 3.6
4045 3.2
4071 6.2
4117 8.7
4160 0.6
4188 4.0
4219 2.7
4243 4.2
4310 4.0
4326 3.2
4322 0.6
4347 4.0
4349 2.7
4390 3.7
4444 4.0
4465 1.0
4475 3.0
4516 3.6
4582 0.7
4770 3.6
4858 0.7

The mean summer temperature in the shade at elevations between 2000 and 4000 m
is 8.4° C and at elevations above 4000 m it is 3.2° C. The temperature lapse rate is
4° C per 1000 m of increase of altitude.

The atmosphere around the Ruwenzori mountains is always misty and the moun-
tains are always covered by dense clouds during the daytime at elevations above
2750 m. The rainfall must be described as indeed excessive; it generally rains from
the middle of February to May or even June; June to August are mostly fine and
fairly dry, though even during this period there may be some rains; from September
to the middle of December the rainfall is rather heavy, these being perhaps the
wettest months on the mountain. The dry season lasts from the end of December to
February. There is a marked contrast between the climates of the southern and the
central portions of the Ruwenzori Range; in the south there is usually much less
rainfall than in the central parts. In proportion to the length and the massiveness of
the mountains, the extent of snow on the Ruwenzori Range is really small and
practically all the permanent snow is at present contained within an area hardly
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16 km long and 13 km wide. The permanent snowline on the east slope is 4230 m.
Being more protected from the sunrays than the east slope, the snowline on the west
slope is also lower.

The existence of vast glaciers on the Ruwenzori Range during the Pleistocene is
proved by a number of observations. Large glaciers filled the valleys of Mahoma,
Mobuku and Bujuku, met below Nakitawa and flowed down to beyond Bihunga.
The present-day glaciers are all small and are also receding; they are indeed only the
insignificant relics of earlier glaciers that filled the valleys. The Mobuku Glacier ends
at present at an elevation of 4170 m, but probably it extended earlier down to 1980 m
in the valley. The Moore and the Semper Glaciers are the longest at present; the
former descends as low as 4175 m and the latter as low as 4270 m. Thelargest present-
day glaciers are found on Mt. Stanley, Mt. Speke and Mt. Baker and on the eastern
slope of the Gessi group of peaks. The snowline is estimated to lie between 4510 and
4480 m. At an elevation of about 4270 m the rain always turns into snowfall on the
mountains.

The life zones on the Ruwenzori Range, from the basal Albertine Depression
to the summit, are as follows: the grass zone at elevations below 1980 m; the
forest zone at elevations between 1980 and 2580 m; the bamboo zone above this
reaches up to an elevation of about 3050 m; the tree-heath and moss zone above,
reaches to an elevation of 3800 m; the Senecio-Lobelia zone lies between 3800 and
4267 m; above this lies the barren rock and snow zone. The bamboo zone extends
between 2580 and 3050 m on the east slope and between 2133 and 2745 m on
the west slope. The tree-heath-moss zone is succeeded by the Senecio-Lobelia zone,
with L. deckenii up to elevations of 3062 m, L. stuhlmanni, appearing at an elevation
of 3050 m, is replaced by L. wollastoni at an elevation of 3657 m.

Because of the prevailing higher humidity on the Ruwenzori Range and also
because of the close proximity to the forests of Congo, the temperate forest is far
more extensive than on Mt. Kenya and reaches up to nearly 4000 m above mean
sea-level, at which elevation we find Erica arborea. The alpine-flora of Lobelia, Senecio
and Helichrysum is more luxuriantly developed on the Ruwenzori Range than on
Mt. Kenya and Mt. Kilimanjaro. The general ecological conditions are not, however,
very favourable for great abundance of high altitude terricole species of insects at
elevations above 3000 m on the Ruwenzori mountains. Although there are no
dominant Palacarctic forms, there are nevertheless certain boreal genera of both
plants and insects on these mountains. Butterflies, moths and Diptera have been
collected on snow-fields at elevations of 4876 m. On barren rock above the snowline
(4220 m) worms, lichen and moss have also been collected.

ii. High Altitude Insects from the Ruwenzori Range

The reader will find interesting data on the Ruwenzori mountains in FUCH’s
Report of the Lake Rudolf Rift Valley (391), GReGORY’s Rift Valley and Geology
of Africa (423), GRUNNE's book on the Ruwenzori (448), in MEYER (770) and REIST
(880). The most important contributions to our knowledge of the high altitude
insect ecology and the general conditions of life on the Ruwenzori Range are DE
FILIPPIs (241) account of the Expedition of the Duke of Abruzzi and OGILVIE-GRANT’s
1909/1910 Report of the British Museum Ruwenzori Expedition (800). The Coleo-
ptera collected by the Italian Ruwenzori Expedition were described by cAMERANO
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(180). In his interesting book The Ruwenzori, DE FILIPPI (241) hds, in addition to
describing the general geography, geology, climate and vegetation of the region,
also given a brief account of the zoological studies by the Italian Expedition (pp.
394-397). His list of species collected by the Expedition unfortunately lacks exact data
regarding the locality or altitude where the insects were found. The following are
the more important records from his book:

Dermaptera: Pygidicrana livida BORELLI, Anisolabis compressa BORELLI, Gonolabis
picea BORELLI, Spongiophora aloysii sabandiae BORELLI, Chaetospina ugandana BORELLI,
Opisthocosmia roccatii BORELLI, Apterygida cognii BorELLI and A. cavallii BORELLL
Coleoptera: Hydaticus rochei cam., Cillaeus cavallii cam., C. cagnii cam., Hydrophilus
sloanei cam., Lixus roccatii CAM., Sipalus aloysii sabandiae cam., Eumelosomus aloysii
sabandiae PONGELLA. The myriapods include species of the genera Cryprops LEACH,
Scutigerella RYDER, Phaeodesmus COOK, Habrodesmus COOK, Archispirostreptus sILv. and
Odontopyge BRANDT.

The British Museum Ruwenzori Expedition (1135) was led by ®. 8. woosnam and
collected over 100 Arachnida, 1015 Coleoptera, 33 Orthoptera, 25 Neuroptera, 47
Hymenoptera, 1372 Lepidoptera, 130 Hemiptera, 23 Homoptera and 55 Diptera.
The Coleoptera were described by ARROW (56), GAHAN, WATERHOUSE, MARSHALL and
CAMERON (1135), and particularly the Carabidae by jEANNEL (583), the Staphylinidae
by TOTTENHAM (1041), Halticinae by BRYANT (165), Hemiptera by DISTANT (266),
Lepidoptera by HAMPSON (465) and HERON (510) and the Diptera by ausTen (64) and
JONES (598).

The following Coleoptera are recorded by the British Museum Expedition:

Carabidae: Eudema erichsoni HOPE (1830~3960 m), distributed from Sierra Leone to
Nyasaland; a species closc to Platynus (Amchomenus) striatitarse PER. at elevations
between 1830 and 3960 m; Harpalus sp. (1850-3960 m); Lebia sp. (1830-3960 m);
Trechus alluaudi JEANNEL, Tropicoritus ruwenzorii ALLUAUD, Selenoritus ptolemaei
ALLUAUD (2700-2800 m); Histeridae: Hister monitor LEw. (1830-3960 m); Tenebrio-
nidae: Opatrum sp. (1850-3960 m); Chrysomelidae: Colasposoma consimile GAHAN
(1850-3960 m), Diacontha passeti ALLARD (1850-3960 m); Curculionidae: Blosyrodes
haroldi HaRTM. (1850-3960 m), Bl. seminitidus MsHLL. (1850-3960 m), Amphitmetus
leggei mMsHLL. and Apotmetus montanus MSHLL. (1850-3960 m).

Heteroptera comprise the following species, taken at elevations of 1850-3960 m:
Scutelleridae: Cryptacrus comes (FABR.), also widely distributed in the plains of
tropical and subtropical Africa; Pentatomidae: Elachtheus lutulentus (stAL) known
also from south and southeast Africa, Awemba typica DIST., Aspongopus nigroviolaceus
(paL.) and Aspongopus alternatus DisT.; Coreidae: Holopterna wollastoni pisT. Mention
may also be made of the interesting Mirid Meconema FIEBER from tropical moun-
tains of India and Africa. The University of Rhodesia-Nyasaland Mount Ru-
wenzori Expedition collected Meconema ruwenzoriese GH. at an elevation of 3932
m (405A). Most of the species listed so far occur at lower elevations also and
are not, therefore, typically high altitude mountain autochthonous species.

The bulk of the Rhopalocera collected by the British Museum Expedition (510)
from elevations of 1850-3960 m are also found on the plains, and are not, therefore,
strictly speaking mountain autochthonous high altitude forms. Amauris grogani
SHARPE, Danaus chrysippus (LINN.), Gnophodes minchini magniplaga HERON, Melanitis
leda (LINN.), Mycalesis dentata saARPE, Yphthima itonia HEW. and Y. simplicia BUTL.,
Acraea sotikensis SHARPE, A. encedon (LINN.), A. disjuncta SMITH, A. amicitiae HERON,
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Argynnis excelsior BUTL., Hypolimnas anthedon DOUBLEDAY, H. misippus (LINN.), Precis
pelarga (FABR.) (3960-4875 m), Pr. tugela pyriformis BUTL., Salamis parhassus aethiops
(PALISOT DE BEAUV.), Pseudargynnis hegemone nyassae (Gop.), Neptis agatha (CRAM.),
Neptidopsis ophionae velleda (MaB.), Harpendyreus reginaldi HERON, Uranothauma
nubifer (tRim.), U. delatorum HERON, Mylothris clarissa BUTL., M. jacksoni SHARPE,
Catopsilia florella (FABR.), Chioneigia leggei HERON, etc. are some of the more important
records. The highest altitude record for Lepidoptera on the Ruwenzori mountains
js perhaps 4875 m. The moth Episilia thodopea HAMPS. occurs at an elevation of 3850 m
and Larentia heteromorpha HAMPS. at elevations of 1830-3850 m.

Among the Diptera recorded by the British Museum Expedition, mention may
be made of the interesting Syrphid Senaspis elliotii aAusTEN and the Bombylid
Bombylius sp. at elevations of 1830-3960 m.

S. THE ETHIOPIAN HIGHLANDS

The Ethiopian mountains differ conspicuously from other East African mountains
in a number of respects. The mean elevation of the Ethiopian highlands is great,
but the altitudes of isolated mountains are conspicuously less than those of Mt.
Kilimanjaro, Mt. Meru, Mt. Elgon, Mt. Kenya and the Ruwenzori Mountains.
The Semyen Massif that rises to an elevation of 4575 m (Ras Dashan) is the highest
mountain in the Ethiopian highlands; Mt. Buahit rises to an elevation of 4267 m,
Mt. Batu exceeds 4267 m and a number of other mountains are only 3657-3960 m
above mean sea-level. ,

The Ethiopian massifs are likewise related to the Rift Valley Fracture System.
They are associated with the trough extending northeast to the southwest diagonally
across Ethiopia, from the point of meeting of the troughs of the Red Sea and of the
Gulf of Aden to the northern end of the East Africa Rift at the Lake Rudolf. This
Ethiopian Depression, containing the chain of the Galla Lakes, is generally known
as the Galla Depression. The northeastern end of the Galla Depression is determined
by two series of fractures, one of which is directed from the north to the south and
forms the eastern escarpment of the high plateau of northern Ethiopia; the other
from the east-northeast to west-southwest forms the Harar and North Somaliland
Escarpment. The fractures lic parallel and the Depression between them encloses
the furrow, in which the R. Awash (Hawash) descends from the highlands to flow
in the Lake Abbe in the Danakil Desert. South of Awash, the trough contains a
series of hollows, with the chain of Galla Lakes, from Lake Stefanie. From here'it is
continued to the northern end of Lake Rudolf, to unite with the meridional East
African Rift. Many volcanic formations of the Aden Series are associated with the
Galla Depression and have mainly Pliocene and Pleistocene basalts and trachytes,
distinct from the carlier Trap series of dolerites and basalts of the early Tertiary or
even Cretaceous times and forming great tablelands of the northern and western
Ethiopia.

Although there are no active volcanoes at present in Central Ethiopia, those of
the later series seem to be scarcely quiescent, particularly the eastern volcano Dubbi,
south of Edd on the Danakil Coast (which erupted in 1961). Dofan in the lower
Awash Valley has active fumaroles. Hot springs occur in the lower parts of Addis
Ababa, near the Lakes Abaya, Dilla, etc. The Ethiopian series of volcanic structures
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is continued to the northeast of Harras and other volcanic formations of the foot-
hills and highlands of southwest Arabia. The Ethiopian series unites in the south
with that of the Rift Valley, in which the Teleki Volcano, at the southern end of
Lake Rudolf, has been active during recent years.

Evidence of extensive glaciations in the area during the Pleistocene has recently
been found. Almost 440 sq. km area of the Semyen Mountains were covered by
glaciers. Even during the last glacial time, as much as 60 sq. km were covered by
ice in the area. Evidence of former glaciers has also been found on Mt. Chillalo.
It was formerly believed that due to the shifting of prevalent winds, the mountains
of Ethiopia became desiccated in the Pleistocene, thus giving rise to cold dry con-
ditions. These cold arid conditions were assumed to have caused the disappearance
of flora and fauna more than the ice during the Pleistocene period. omEr-cooPER
suggested in 1930 that the wide extent of the highlands would really favour con-
densation and, therefore, total destruction of flora and fauna due to aridity was un-
likely to have really occurred. On the other hand, extensive fall of volcanic dust
accompanying the last phase of plutonic activity in the area was perhaps the most
decisive factor in the disappearance of the freshwater fauna. The curious absence
of Crustacea in the freshwater lakes in the region seems to lend support to this view.
Whatever the ultimate cause, the disappearance of the flora and fauna of the an-
cient highland seems to have happened not very long ago. The animals and plants
that flourish at present at elevations up to 2130 m are essentially recent extensions
of the savanna or the thorn-scrub elements.

i. Biotic Zones on the Abyssinian Highlands

Although the life zones on the southern Ethiopian highlands are broadly related
to those of the other East African mountains, the general sequence of the altitudinal
zones on the Ethiopian Highlands presents certain interesting peculiarities. As pointed
out already, the mean elevation of the plateau is great, but the heights of the isolated
massifs rising above it are less than those of the other East African mountains.
Consequently, coniferous forests flourish in some localities somewhat above the
general level of the plateau. We have, for example, Juniperus procera and Podocarpus
of the Jem-Jem forest west of Addis Ababa, at elevations between 2500 and 2750 m
and Podocarpus in the Magado forest in south Sidamo. Based on agriculture, we have
in the Abyssinian region the lowest zone of the quolla (= hot land) from sea-level
to an elevation of 1500-1800 m, waina daga (= mountain forest) from the upper
limits of the quolla to about 2400-2500 m above mean sea-level and the zone of
the higher daga (= hill) up to 3500 m above mean sea-level. While there is a pro-
nounced wealth of giant lobelias and arborescent senecios on the other East African
mountains, only two species of the former, viz. Lobelia rhynchopetala and L. gibbosa
are found on the Ethiopian highlands and there is no arborescent Senecio. Mt. Kili-
manjaro, Mt. Kenya and Mt. Elgon and the Ruwenzori Range, although situated
near the Equator, are covered by permanent snow and have a characteristic biotic
zone above the clouds. This zone is absent on the Ethiopian mountains; no moun-
tain in Ethiopia attains indeed the snow level.
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Fig. 33. High altitude Coleoptera from the Equatorial East African mountains. A.

Selenovites ptolemiei ALLUAUD from the Ruwenzori Range (2700-2800 m), B. the

blind and apterous Caecocaelus scortt from the Abyssinian Highlands (2700 m).
(After scorr).

Fig. 34. High altitude Coleoptera from Equatorial East Africa. A. Calathus ras with
atrophied wings (3657-4267 m), B. Zuphium ascendens ALLUAUD. (After scorT).
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ii. Characteristics of the High Altitude Insect Life of the Ethiopian Highlands

The Ethiopian highlands have been explored by a number of entomologists.
RAFFRAY (852, 853) was perhaps one of the first to collect insects from Mt. Abuna-
Yosuf. A number of insects were collected by Marchese saverio PATRIZI in 1940
from an elevation of 3250 m on Mt. Termaber, situated about 70 km from Addis
Ababa on the road to Dessie. RAFFRAY (852, 853), BASILEWSKY (87, 88), JEANNEL (575,
578, 579, 580, 58I, 584, 585, 589), CARPENTER (188), DYTE (200), MARSHALL (741),
scoTT (950, 951) and UVAROV (1070, 1072, 1075) have made valuable contributions
to our knowledge of the high altitude insects from the region. The Carabidae from
the Abyssinian mountains are described by BasILEWSKY (87, 88), JEANNEL (581, 585),
RAFFRAY (852); Pselaphidae by pyTE (290); Curculionidae by HusTACHE (554) and
MARSHALL (741); Diptera by ricHARDs (884, 885); Orthoptera by uvarov (1070)
and Rhopalocera by carpENTER (188). Some of the genera occurring at elevations
between 3500 and 4000 m on the Ethiopian mountains are also known from the
alpine zones of some of the south European mountains. On the Lasta Mountain
Range in Abyssinia, at an elevation of about 3500 m, RAFFRAY (op. cit.) recorded
many specics of Calosoma WeBER, like C. caraboides RaFER., which have distinct
Carabus-like facies. A species of Cymindis LATR. is closely related to C. humeralis, two
species of Harpalus LATR. are related to the European H. goudoti and H. litigiosus,
Amara spp. analogous to A. trivialis from Europe, three species of Calathus BON.,
one of which seems to be related to the Californian (?) C. ruficollis and also two
species each of Trechus cLairv. and Bembidion LATR. Two species of Dytiscidae,
related to Agabus cephalotes from Corsica, are found under submerged stones in
icy-cold torrents. The apterous subgenus Carabophanus KOLBE of Calosoma WEBER,
found above the timberline on the Abyssinian mountains, is not, however, repre-
sented in Europe. Among the Staphylinidae, the species of Ocyphus sTEPH. from the
Abyssinian mountains are related to the European O. fulvipennis. A species of
Deleaster ERICHS., occurring both in Europe and North America, is reported from
the Ethiopian Highlands. Two Abyssinian high altitude species of Ofiorrhynchus
GERM. are related to O. perdix orv. from the Tyrolian Alps and another to O. noui
from the Pyrenees. The Scarabaeid genera not known from Europe, but found above
the forest zone on the Abyssinian mountains include Simogonius HAR., Schizonycha
DEJ., Centrantyx FAIRM., etc. Endemic Paussidae are particularly abundant at higher
elevations on the Abyssinian highlands, but the family is wholly absent in the sub-
alpine zone. Except Trechus cLARV., Calathus BoN. and Amara BON., the affinities
of most other Carabid genera are, however, entirely African. The boreal forms that
have extended their range to the Ethiopian Highlands become sparse southwards.
There are, for example, over 17 endemic species of Calathus Bon. on the Ethiopian
Highlands, but only one further south. Fifteen endemic species of Trechus CLAIRV.
(s. str.) are found on the Ethiopian Highlands and a number of species have also evolved
on Mt. Elgon and still further south we have T. sjoestedti ALLUAUD on Mt. Meru.
T. gughéensis JEANNEL is the southernmost species from Mt. Elgon to be so far found
on the Ethiopian Highlands. The ancestral stock of Trechus cLAIRV. in Africa, which
also extended southwards, seems to have developed primarily in the moist forests
at lower elevations and the existing montane species began as colonizations from
such types. The tropical African species of Plocamotrechus JEANNEL seems to have
radiated northward from a southern dispersal centre during the Miocene and the
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species are at present abundant at all elevations in South Africa. While many relict
species occur on Mt. Kilimanjaro, Mt. Aberdare, Mt. Kenya and particularly on
the Ruwenzori Range, none is known at present on the Ethiopian Highlands.
Both Trechus cLarv. and Plocamotrechus JEANNEL are absent in the tropical African
lowlands and they are confined exclusively to the mountains of the western and
eastern branches of the Rift Valley System. Omotaphus simienensis BASILEWSKY,
found at elevations of 3050-4267 m, is related to forms from the Aberdare Mountain
and from Mt. Elgon and Liagonum scotti BASILEWSKY is related to species from Mt.
Kilimanjaro. All the species of Trechus cLARV. from the Abyssinian mountains,
including T. sublaevis JEANNEL and T. bipartibus JEANNEL from Mt. Abuna-Yosuf
described by RAFFRAY (0p. cit.), and four species from Mt. Chillalo and T. gughéensis
JEANNEL from the Gughé Highlands, are completely apterous. Even T. aethiopicus
JEANNEL from relatively lower elevations of 2800 m is apterous. Many species
of Calathus BON. are likewise apterous. Some of the species are indeed known
only from particular massifs. The four species of Trechus CLAIRV., recorded from
Mt. Chillalo, do not, for example, occur elsewhere, but the other species occurring
at lower elevations are more or less widely distributed. The vicarious species on
the different East African mountains are shown in table 23.

TABLE 23
A conspectus of vicarious species on the different Equatorial East African mountains

Family Genus Kilimanjaro ~ Kenya/Aberdare Ruwenzori
Carabidae Peryphus sjoestedi mackinderi ruwenzoricus
Plocamotrechus  kilimanus unisetosus ruwenzoricus
Curculionidae  Parasystatiella agrestis rugulipennis —
Oreoscotus salti fulvitarsis -
Lepidoptera Salta acrophylax — edwardsi
Diptera Coenosia melanomeros  heterocnemis  brunnigena

Fig. 35. Apterous high altitude Trechus cramrv. from Equatorial East Africa. A.
Trechus degiensis, B. Trechus pilosipennis, C. Trechus siminensis

It is interesting to observe that the proportion of endemic species is on the whole
greater at higher elevations than at the lower on all the East African mountains
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which we have discussed so far. Among the high altitude insects of the East African
mountains, we find the following faunal component elements: i. tropico-alpine
endemics like Orinodromus xOLBE, Carabophanus KOLBE (an analogue of the Neo-
tropical-alpine Blaptosoma GEH. and Carabomimus KOLBE from the high mountains
of Mexico); ii. boreal temperate elements like Bembidion LaTR. (including the sub-
genus Testediolum GANGLB.), Amara BON., Cymindis LATR. and Otiorrhynchus GERM.;
iii. austral temperate elements like Hystrichopus BoH. and Hipporrhinus SCHONH.

In an interesting discussion on the biogeographical peculiarities of the high
altitudes of the Gughé Highlands in southern Ethiopia, scoTT (950) has recently
suggested that the high mountain insects of this region are either descendents of
stocks far more widely distributed in former times, when the prevailing climate
of the surrounding lower elevations was cooler and more moist than at present or
they are later evolved species, closely related to those of the surrounding lower
levels, but which have developed montane characters. The species restricted at the
present time to the highest altitudes appear to consist partly of the descendents of
the ancestral forms, widely distributed in former periods. These views are largely
in agreement with those of JEANNEL (585). The Trechinae and the Anillini from the
Ethiopian Highlands constitute evident links between the Palaearctic fauna and the
fauna of the East African high mountains. The presence of Trechinae on the Ethio-
pian Highlands also points to the mountains having been populated both from the
north and from the south, the descendents of which interlock at the present time
on the East African equatorial high mountains, but do not at the same time mingle
on the same massifs. Most species seem to have evolved in close association with
the high mountain plants on separate massifs by isolation. It seems, therefore, that
these are relicts of an ancient Tertiary fauna, for the association of species appears
to have been rather long-standing and the insects and plants have become specialized
together. The high montane species may have also evolved directly during the
Post-Pleistocene times from a parent stock that inhabited the surrounding plateau.
LONNBERG (704) has shown that during the early Tertiary, including perhaps Miocene
times, Africa was covered by a vast evergreen forest. The fauna was also endemic,
but evidently with many types common to South Asia. The climate seems to have
changed to arid conditions during the Pliocene and the fauna also became the re-
stricted Asiatic steppe type, developed in East Asia. Pleistocene times saw the revival
of the forests, but there were repeated wet and arid periods.

As mentioned above, the Trechinae restricted to the high elevations in Ethiopia
link the Palaearctic fauna with that of the East African mountains. The Trechinae
from the western series of high mountains are Plocamotrechus spp., a genus of southern
origin. All the others belong to Trechus cLarv. of northern origin. According to
JEANNEL (584), the chain of mountains to the west of Lake Rudolf and extending
between the southwestern highlands of Ethiopia and Mt. Elgon served as migration
routes southwards to the mountains, associated with the eastern trough of the Rift
Valley System. Though Trechus cLARv. occurs on Mt. Elgon and on Mt. Meru,
none of the species seems to have succeeded in colonizing the Ruwenzori Range
or other mountains of the western series, separated from the eastern series by lower-
level lands of Uganda and Sudan. The absence of Trechus crairv. on Mt. Kenya,
Mt. Kilimanjaro and on Mt. Aberdare (all of which have, however, Plocamotrechus
JEANNEL) cannot also be readily explained in the present state of our knowledge.
Not only the Trechinae of undoubted northern affinities are absent on the western
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series mountains, but even those of the southern origin (Plocamotrechus JEANNEL)
are exceedingly few on the Ruwenzori Range. This poverty of species is usually
explained, as pointed out above, on the basis of the excessive soil moisture on the
Ruwenzori mountains. The fact that the four species of Plocamotrechus JEANNEL so
far found on the Ruwenzori Range are represented by local races in different parts
of the massifs seems to indicate that speciation is in active progress.

We may conclude, therefore, that Trechinae of northern and southern affinities
interdigitate on the mountains of equatorial Africa, but do not mingle on the same
massif. The descendents of species inhabiting relatively lower elevations in the
region during the early Tertiary presumably took refuge on the high mountains
during the Pliocene. Isolated on separate massifs, they have apparently survived
the alternating wet and dry periods of the Pleistocene and the increasing aridity
of the Post-Pleistocene. Localized new forms have evolved, isolated by wide stretches
of tropical plateau. "

The ancestral stock of the African Trechus spp. is thus believed to have extended
southwards and the tropical African Plocamotrechus JEANNEL similarly extended
northwards from a southern centre of differentiation and dispersal, where its ancestral
forms arose during the Tertiary. The genus is at present rich in species in South
Africa and it probably spread during the Miocene and many relict species occur
on Mt. Kilimanjaro. No species of Plocamotrechus JEANNEL is known from the Ethio-
pian Highlands, but relict species occur on Mt. Aberdare, Mt. Kenya and the Ruwen-
zori mountains. Both Trechus cLARV. and Plocamotrechus JEANNEL do not occur in
tropical African lowlands and are confined to the mountains.

The other descendent species, the ancestors of which spread northwards to the
East African mountains, seem to have been restricted to the higher parts of isolated
massifs by subsequent climatic changes. The northern ancestral stock arose on the
primitive landmass of Angara (the part of Asia north of the Lake Baikal, between the
Lena and Yenisei rivers; vide chapter XIII), and their descendents, spreading south-~
wards and likewise isolated by subsequent climatic changes, have given rise to
many forms, also confined to single massifs, but not on the same mountains that
have been colonized by species of southern origin.

According to JEANNEL (582), the parental stock of Plocamotrechus yeANNEL differenti-
ated at the beginning of the Tertiary on the vast mountainous landmass of South
Africa, already folded at the end of the Palaeozoic Era and broken by fractures
dividing the ancient continent of Gondwanaland, when the Atlantic Ocean and
other seas originated as rifts. The Crozet and other Sub-Antarctic islands are held
to be remnants of the Gondwanaland. The flightless Amblystogenium END., now
confined to the Crozet Archipelago, and the parental stocks of the closely related
South African Plocamotrechus JEANNEL were differentiated presumably not earlier
than the Miocene, previous to which the climatic conditions were apparently un-
favourable for Carabidae on the Crozet Islands. The great fractures of the Rift
Valley System are also believed to have first opened during the Miocene. The separa-
tion and isolation of the descendent species of Plocamotrechus JEANNEL and Trechus
LAIRV. on different East African massifs depended, therefore, on the formation of
the Rift System.

Among the Anillini from the Ethiopian Highlands linking with the other East
African mountain forms, mention may be made of the blind species of the anoph-
thalmous genus Microdipnus JEANNEL, so far known only from Mt. Kenya. Another
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species has only vestiges of eyes and constitutes a monotypic genus Crypforites
JEANNEL and is related to Microdipnus JEANNEL, but with certain exceptional features.

Although several species of Lepidoptera* have been collected at elevations of
about 3350 m, the highest elevation at which they have been found on the Ethiopian
Highlands is 4267 m. Some typically boreal forms, like Colias electo LINN., Pontia
daplidice aethiops j. & V., Lycaena phaeas pseudophaeas rucas, Pararge maderakal
GUERIN, generally occur at elevations of about 3350 m. Vanessa cardui LINN. occurs
at about the same elevation and Argynnis hyperbius R. & J. occurs on the southern
Ethiopian mountains. Among the other Rhopalocera with distinctive boreal affini-
ties, mention may be made of Cacyreus palemon ghimirra pALL. (Lycaenidae), with
complex markings on the underside of the wings and widely distributed on the
Ethiopian Highlands. The African Nymphaliid Antanartia ROTHSCHILD & JORDAN
is sometimes superficially like Vanessa atalanta Lism.

Ants do not seem to occur above elevations of 2400-2750 m on the Abyssinian
Highlands. Only rarely some species, like Engramma ilgi (FOREL) and Acantholepis
capensis MAYR, are found at elevations of about 3200 m on the Semyen Massif.

The high altitude Diptera from the Ethiopian Highands include the interesting
wingless Sphaerocerid (= Borboridae) fly Binorbitalia triseta RicH., related to two
other species from the Gughé Highlands and Mt. Aberdare and Mt. Kenya, found
at elevations of 3650 m and above. The Chloropid Thaumatomyia spp. are abundant.
Other species are Sphaerocera longipes RICH. at an elevation of 4120 m southeast of
Acruasie (Mai Datcha) and Leptocera spp. at elevations of 3350-4120 m.

scorT (951) has referred to the pronounced increase in melanism in the fly Thauma-
tomyia secunda RICH. with increase in elevation. The specimens collected at elevations
of 3050-4260 m on the Ethiopian Highlands are darker than those taken on Mt.
Elgon at elevations of 2133-2890 m; the specimens at elevations of 4200 m from the
High Semyen are the darkest. Some Anthomyiidae like Limnophora ®r.D. and
Atherigona ROND. were also found at high elevations.

Orthoptera were not met with at the highest elevations explored by scorr (950,
951). The maximum elevation for grasshoppers is 3050 m on Mt. Chillalo, 3250 m on
Mt. Tola (Gughé Highlands) and 3350 m on the High Semyen. The high altitude
grasshoppers from the region are generally brachypterous and have apparently
evolved from the forms that inhabited the lower elevations. uvarov (1075) does not
find any trace of the Palaearctic elements among the Orthoptera of the region. Some
apparently Mediterranean forms are really African, indicating a former northward
extension. of the fauna associated with dry acacia thorn-scrub savana. There is also
a species of the Eremian element, widespread in the Palacarctic deserts, but penetrating
the deep valleys intersecting the Abyssinian Highlands and reaching up to an ele-
vation of 1670 m. There is also one montane Dermaptera, which is distinct from the
lowland element. The Dermaptera from Mt. Kilimanjaro and the Ruwenzori Range
have reduced wings or are apterous and each species is confined to single massifs.

In discussing the effects of isolation on separate massifs on the evolution of con-
generic but distinct species, SCOTT (0p. cit.) has drawn. particular attention to the close
association of the species of insects with certain high altitude plants, indicating
remarkably parallel or perhaps also joint evolution in plants and insects, especially

* CARPENTER (CARPENTER, G. D. H. 1935. Trans. R. ent. Soc. London 83: 313-448) has
made an interesting faunistic study of Abyssinian butterflies.
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the assumption of giant statures in both. Species associated with Lobelia and arbore-
scent Senecio on the summit of Mt. Chillalo include four Staphylinidae and two
Cryptophagidae under the bark of the dead stem of Lobelia thynchopetala and a
species of Scolytidae found in fetid drying inflorescence of L. gibberosa on Zuquala.
The high mountain species of Dermaptera and Orthoptera seem to have evolved
directly from the parental stock that flourished on the surrounding plateau.



CHAPTER VIII

OTHER TROPICAL MOUNTAINS

The outline of the outstanding characters of the high altitude ecology of the
mountains of the tropical regions, contained in this chapter, serves to illustrate the
influence of local conditions on the high altitude environment and emphasize, at
the same time, the fundamental differences from the high altitude ecology of the
north and south temperate regions of the world.

In addition to the mountains of equatorial East Africa and of Ethiopia, dealt with
in the foregoing chapter, several other tropical mountains attain subalpine, alpine or
even nival zone elevations. In tropical West Africa itself there is the well known
active volcano, Mt. Cameroon (near 4° NL and 9° EL), with two high peaks, the
Great Cameroon (4075 m) and the Little Cameroon (1774 m), covered by forest
nearly to the top (814). Mt. Cameroon erupted in 1909 and again in 1922. The
mountain chains of Java, Sumatra, Bornco, New Guinea and Celebes are other
interesting tropical mountains. In Java the Mt. Semeru (from the Sanskrit
maha-meru; 8° SL and a little to the east of 112° EL) rises to an elevation of 3676
m. Mt. Kerintji (1° SL and a little to the east of 100° EL), reaching to an elevation
of 3799 m is in Sumatra. Mt. Kinabalu* (6° SL and 117° EL), about 50 km east
from the South China Sea coast, rises to an elevation of 4139 m in North Borneo
and Mt. Rantekombola in Celebes (120° EL and 4° SL) is nearly 4338 m above
mean sea-level. Most of these mountains are still largely unexplored entomo-
logically and some of them, the insect life of which is known at least in part,
present interesting problems of biogeography and faunal differentiation. The
insect life is generally abundant and also greatly diversified within the forest-
zone of these mountains. Mt. Mauna Kea (19° 35" NL and about 4250 m above
mean sea level) and Mt. Mauna Loa (19° 30" NL and about 4168 m above mean
sea-level) in Hawaii are of considerable interest from the point of their highly
specialized insect life, its origin and faunal affinities. The remarkable Carabid Macra-
nillus oceus SHARP, with greatly reduced compound eyes that lack also pigmentation
and distinct facetting, occurs on the high plateau of the Kauai Island (Hawaii).
Other high altitude Carabidae from the Hawaiian mountains like Mecyclothorax
pusillis sHARe, M. micans BLACKB.and Thriscothorax apicalis SHARP are found at elevations
of 2740-3050 m on Maui (Haleakala). The interesting family Proterhinidae of apterous
beetles, that measure 1.5 to 5.5 mm long and have weakly beaklike head in the male
and pronouncedly beaklike head in the female, is characteristic of elevations of
about 2750 m on the Hawaiian mountains. Some remarkable insects have also been
described from the volcanic mountains of Cape Verde Islands (15° NL). The eastern-
most island lies in the Atlantic Ocean about 500 km from the African mainland
and the westernmost is about 200 km from this island. Interesting mountain autoch-
thonous endemic species of Tenebrionidae like Oxycara sor. and Trichopedius BEDEL

* CORNER (CORNER, E. J. H. 1964. Proc. R. Soc. London, (B) (982) 161: 1-91) has given an
interesting account of the plant geography of the mountain flora of Mt. Kina Balu,
the geological relations of this mountain to the neighbouring regions, the mountain
soil, bird life and the zoogeographical characters.
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and the Curculionid Dinas woLr. occur in colonies under stones, both in the cloud-
forest zone and at higher elevations on these mountains. The mountain of each
island in the Cape Verde group has its own characteristic endemic species. There is
also an older apterous terricole endemic element on the mountains of the Cape
Verde Islands (695). While these records of high altitude and other mountain
autochthonous insects are without doubt of considerable interest, two regions
viz. the mountains of New Guinea and the Andes, deserve particular attention.

I. NEW GUINEA MOUNTAINS

The New Guinea mountains, situated in a region of exceptional biogeographical
importance, attain impressive proportions and elevations. The Central Highlands of
New Guinea constitute a sort of high mountainous backbone, nearly 2400 km long,
extending from end to end of the island and reaching to elevations of nearly so0o m
above mean sea-level, thus ranking as one of the great mountain systems of the
world. Though continuous, the backbone mountain is not a single chain, but
comprises a series of complex ranges, separated by broad upland valleys and forming
the water-parting divide between north-south flowing drainage systems of the island.

The principal topographic features include the Star Mountain, the Hindenburg,
Behrmann, Mueller, Kubor, Schrader, Bismarck, Owen Stanley Ranges, etc., all
rising to elevations of 3050 m above mean sea-level and sometimes even higher. The
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