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FAUNA OF WESTERN HIMALAYA — AN OVERVIEW

H.S. MEHTA
Zoological Survey of India, Northern Regional Station, Dehra Dun

INTRODUCTION

The hill state of Himachal Pradesh with an area of about 55.673 sq kms is nearly
10.54 percentage of the Himalayan land mass. The Himalayas due to its varied physiography
and altitude ranging from foot hills to the highest peacks of Mount Everest are considered
as one of the hotspots of 15 Mega biodiversity centers in the world. The state thus falls
within the north-west portion of the Himalayas with a length of 300 kms and width of
80 kms approximately. The region is bifurcated into eastern and western part by one of
the three antecedent river viz., the Sutluj. The Sutlyj river is the only river which cuts
across the Himalayas at right angles to cross over to southern part whereas other two
antedent rivers like the Indus and Brahmaputra to flow some distance in longitudinal
valleys before finding gaps near Gilgit syntax and north of Dibrugarh respectively to
enter into plains of Pakistan and India. This part of north west Himalaya forms a
gigantic physical barrier between the high plateau of Tibet and Central Asia and Indian
plains.

The area is with net works of perennial rivers like the Chander bhaga, the Ravi, the
Beas, the Sutluj and the Yamuna whereas seasonal rivers originating from Shiwalik hills
are Markanda and Ghaggar. These hills are characterised by important hill ranges like
Shiwalik, (Lesser Himalayas), Duladhar (Middle Himalayan), Pir Panjal (Great Himalayan),
Ladakh, Karakorum (Trans Himalayan), which acts as barrires and filtration zones for
the migration of fauna and flora. There are number of glaciers at thé sources of rivers
and most of these are generally unknown. A few large select glaciers of the Pleistcenes
are also found. The important ones are : ‘Brama, Tuan, Sissu, Sonapani and Bara Shingri
in Lahaul. The diversified ecological niches like torrential streams, high and low land
lakes, hot springs, reservoirs, thick forests coupled with highly specialised and complex
environmental and physical factors like temperature, humidity and availability of oxygen
at different altitudes have greatly influenced the diversity and distribution of fauna. The
morphological and anatomical modification in commensurate with the hostile environment
in the living laboratories of this part of the Himalayas have been rise to evoeve new
species and varieties for the fittest of the survival. The fauna of higher elevations in the
state is Palaearctic, the dominant elements being derived from Turkemenian and eastern
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extensions of Mediterranean subregions, the oriental species from the east are also
represented in the foot hills and very rarely in high hills as in the case of odanate
insects where two species of oriental regions are present in high altitudes. The fauna
of various regions across the important ranges is significantly important because of high
degree of endemism and adaptations to hostile high altitude environment. The Shiwalik
Himalayas once harboured rich forests and animal life in the geological past as ¢videnced
by availability of fossils in the region. In the Shiwalik zone there are some important
lakes like Renuka, Revolsar and man made lakes like Gobind Sagar and Pong Dam while
the later lakes attracts thousands of migratory birds. The animals distributed in Great
Himalayas and Trans Himalayas are also unique with limited and restricted distribution.

In view of the importance of distribution of animals of the region various prominent
scientists of the past contributed much towards faunal diversity but the studies were
confined only to limited groups of animal kingdom. The information was scattered and
sporadic, however, some groups of invertebrates like insects of orders Lepidoptera,
Coleoptera Hemiptera, Diptera were represented well in Fauna of India whereas in higher
vertebrates like fishes, amphibians, reptiles, aves and mammals some information also
exists in above Fauna of British India series. The present document is a part of Faunal
diversity of Western Himalaya, Himalayan Ecosystem series where part-1 is dealing with
the states of Uttar Pradesh and Uttaranchal which enumerates nearly 2734 species
‘belonging to 33 groups of invertebrates and vertebrates of animal kingdom. More than
50% of the inverterized species are new records for the area. The information will
provide additional light on the zoogeographical studies. The details of the fauna of
Western Himalaya (Part-2), which deals with Himachal Pradesh is as follows :

Animal Number of Species of Number of species of
Groups Present Document Renuka wetland Document
PROTOZOA 84
PORIFERA 01
CNIDARIA 01
BRYOZOA 01
PLANT & SOIL NEMATODES 127
ANNELIDA

Oligochaeta 46

Hirudinea 04
ARTHROPODA

Crustacea 04

Aracnida (Areneae) 13
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Animal Number of Species of Number of species of
Groups Present Document Renuka wetland Document
Collembola 9
Chilopoda 19
INSECTA
Odonata 77
Lepidoptera (Butterflies) 268
Lepidoptera (Moth) 184
Hemiptera 372
Hymenoptera 319
Dermaptera 30
Coleoptera 167
Plecoptera 20
Tics (Acari) 30
Soil dwelling mites 46
Parasitic mites 48
Mantoidia 07
Orthoptera 50
Diptera 14
Ephemeroptera 06
Hemiptera (Aquatic) 10
Coleoptera (Aquatic) 20
VERTEBRATES
Pisces 104
Amphibia 17
Reptilia 14
Aves 447
Mammalia 107

Total 2542 141
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PHYSIOGRAPHY

The western Himalaya falling under state of Himachal Pradesh is a part of 2300 kms
of the main Himalaya with a width ranging from 1400-400 kms with a varying altitude
of 350-6975 meters above main sea level which increases from west to east and south-
north. This part of western Himalaya is characterized important hill ranges like Shiwalik,
Dhauladhar, PirPanjal, Great Himalaya, Zanskar and Ladakh. Thease hills are with with
a net work of streams and streamlets draining into main mighty rivers of the state with
wide range of ecological features viz., pools & puddles, torrential streams, streams with
gentle flow, lakes and reservoirs giving rise to diversity of fauna and flora. due to
varying altitudes coupled with varying temperature from sub zero to —30-70 degrees C
has made the biotic life to exist and fit into into the environment with challenging and
morphological and anatomical evolving adaptations and modifications.

1.1. Geographical Locations : The state of Himachal Pradesh is located between 30
22' 40 N. Lat to 30 12’ 4” N. Lat. and 75 47°'55” East Longitude to 79 4’ 20” E.
longitude with an area of 55,673 sq. kms which is nearly 10.54 5§ of the total Himalayan
land mass.. The land locked state is bordered by Jammu & Kashmir in north, Punjab
and Haryana in south-west and northern part of Uttaranchal in south-east. In north-east,
the state form the international boundary with Tibetan part of China.

1.2. Adminiastrative Divisions : The state is administratively divided into 12 districts
viz., Bilaspur, Chamba, Hamirpur, Kangra Kinnaur, Kullu, Lahaul & Spiti, Mandi, Shimla,
Solan Sirmour and Una. The neighbouring districts of states Jammu & Kasmir, Punjab,
Haryana, Union Territory, Chandigarh, and Uttaranchal are Kathua, Udhampur; Gurdaspur,
Hoshiarpur, Nawanshar, Roop Nagar; Ambala Yamuna Nagar; Dehra Dun respectively.
Map-1 shows different districts and adjoining areas.

1.3. Physiographic zones : The Western Himalayas of Himachal Pradesh shows
following distinct physiographic zones i) Shiwalik zone, ii) Lower Himalayan zone, iii)
Higher Himalayam zone, and iv) Trans Himalayan zone.

1.4. Climate : The climate varies between scorching heat and artic cold with
intermediate subtropical, temperate and alpine grades, depending upon various factors. At
higher elevations, it remains cold throughout the year but at lower altitudes four main
seasons are recognized : winter (December to Feburary), pre-monsoon or dry Summer
(March to June), monsoon (July to September) and post monsoon (October to November).
Average rainfall ranges from 1000-2500 mm; the maximum precipitation on the lower
slopes of the Dhauladhar in Kangra District. Areas beyond the Pir Panjal Range experience
an arid climate with winter temperature plunging to -30 to -40°C. Precipitation at higher
elevations is mostly due to snow occurring during winter. Temperature varies with the
location, elevation and the topography of the mountain ranges. For every 1000 m of
ascent, the mean temperature drops by as much as 6°C.
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1.5. Forests : Natural Vegetation in the hills is classified into five broad types of
forests.

1.5.1. Tropical Forests (Confined to foot hills) : These are of two types viz. Scrub
of Acacia and Zizyphus and dry deciduous forests of Sal (Shorea robusta); the latter is
best developed in Poanta area of District Sirmour.

1.5.2. Sub Tropical Forests (500—1800 m) : Two types of forests can be distinguished
a) Sub Tropical Evergreen Forests (Below 1200m) along river Beas dominated with

species of Terminalia, Albizzia, Oleaetc; b) Sub Tropical Forests of Cheer Pine (Pinous
roxburghii) (Upto 1800m).

1.5.3. Temperate Forests (1500-1800 m) : They are distinguished into two subtypes.
The main constituent are three species of Oaks (Quercus incana, Q. Dilatata, Q.
semicarpifolia), Deodhar (Cedrus deodara), Fir (Abies pindrow), blue pine (Pinus
wallichiana) and horse chestnut (desculus indica). The Himalayan dry temperate subtype
of Holm Oak (Quercus ilex) and edible pine (Pinus gerardiana) is best developed at
2000-3000 m in the Trans Himalyan valley of Chnandra-Bhaga river and upper valley of
Sutlej river in Kinnaur district of Himachal Pradesh and in the Kashmir Valley.

1.6. Lakes and Reservoirs : The state of Himachal Pradesh is bestowed with
several natural, fresh water lakes and few large man made reservoirs. These are as an
important support system and as habitats for birds, fishes and other aquatic life. Some
of the natural lakes are distributed among different climatic zones of Himachal Pradesh
viz., Khajiar, Kuneri, Kunarbaha and Riwalisar in Temperate zone (1000-3000 m) and
Renuka and Saketi in Sub Tropical Zone (Below 1000 m). Some large reservoirs have
been formed due to damming of rivers. E.g. Pong and Pandoh on river Beas and Gobind
Sagar on river Sutlej. Renuka lake, Ponng Dam and Gobind Sagar are important wetlands
which are biologically productive and of national importance.

1.7. Pastures : Pastures encompass more area than other ecosystem in Noth-West
Himalaya providing nutrient rich forage for grazing livestock and wildlife. As much as
30% of the geographical area of Himachal Pradesh in under Pastures.

1.8. Agro-Ecosystem : The agroecosystem in North West Himalaya, once covered
with natural vegetation are the outcome of permanent changes of the ecosystem. Nearly
17.5% and 3.4% of the geographical area of Himachal Pradesh are under Agriculture and
Horticulture respectively.
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PLATE - 11

A view of Shiwalik Hills

A view of Shiwalik Hills with seasonal nallahs
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A typical vegelaton of Elhantgrs in
Shiwalik Hills

The river Beas passing through Shiwalik Hills |

A view of Pong Dam wetland
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PLATE -1V
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PLATE-V

Papilio polytes romulus UP Papilio demoleus demoleus UP

Ixias marianne UP male Leptosia nina nina UP

Cepora nerissa phryne UP male Colias erate erate UP female
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Picris canidia indica UP male

Picres canrdic mdica UP Temale

Pontia daplidice UP female

Neptis hvlas astola UP

Hypolimnas bolina UP male
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PLATE - VII

Precis hierta UP male Polyura athamas UP

Cynthia indica UP Phalanta phalantha UP

Kallima inachus UP Precis orithyia UP
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PLATE - VIII

Precis lemoniay UP Catochrysops strabo UP

Heliophorus sena UP Spindasis vulcanus UN

Lampides boeticus UP Danaus chrysippus chrysippus UP FEMALE
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PLATE-IX

Agathia lycaenaria (Kollar) (Moth)

Hyposidra talaca Walker MOTH

Pingasa pseudoterpnaria (Guenee) MOTH Rhombohista devaxata (Walker) MOTH
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PLATE-X

Crocothemis s. servilia (Drury) Orthetrum s. sabina (Drory)

Ictingomphus rapax (Rambur) Palpoleura s. sexmaculata (Fabr.)

Tramea virginia (Rmb.) Rhyotemis v. variegata (Linnaeus)
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Bufo himalaynus Boulenger Bufo viridis Laurenti
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PLATE - XII

Garra gotvla gotvla (Gray) with Sucker

Mahaseer, Torputitora (Ham.)
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PLATE - XIII
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Himalayan Fox (Vulpes vulpes, (Linnaeus))
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PLATE - XIV

Tibetan Wild Ass Equus kiang, Moorcraft

Himalayan Marmot Marmota himalayana (Hodgson)
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PLATE - XV
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Blue sheep Pseudois nayaur (Hodgson)



Fauna of Western Himalayva (Part-2)

PLATE - XVI

."

' " f

O ... NI,
' 4 Vi o457, "

Ibex (Capera sibirica, (Pallas)) in Spiti area
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PROTOZOA

A K. DAS and PIYALI CHATTOPADHYAY
Zoological Survey of India, M-Block, New Alipore, Kolkata 700 053

INTRODUCTION

Protozoa are usually single celled eukaryotic organisms which are, with very few
exceptions, visible only under the microscope. Although these organisms are unicellular
and appear to be simple in organisation, they are the most complex cells known because
all the biological and biochemical mechanisms for a complex life style of a multicellular
living being are contained within that single cell.

Protozoa comprise taxonomically so diverse and phylogenetically such distantly related
taxa that classification of this group even at the level of phylum is not yet universally
settled. In the classical taxonomic scheme under the two kingdom system developed by
Carolus Linnaeus, Protozoa which literally means first animal was given the rank of a
phylum. But, with the advent of electron microscopes and flow of huge new data of
taxonomic significance, the Society of Protozoologists developed a revised classification
of protozoa (Levine et al.,, 1980) and elevated its taxonomic status from phylum to
subkingdom under the kingdom Protista. This subkingdom included 7 phyla, viz.,
Sarcomastigophora, Labyrinthomorpha, Apicomplexa, Microspora, Ascetospora, Myxozoa
and Ciliophora. Recently some workers like Cavalier-Smith (1993, 1999) raised protozoa
to the rank of a kingdom with 13-18 phyla. However, this proposition is yet to be
finalised and accepted. In view of this, classification of Levine et al. (1980) is followed
in the present work.

Protozoa occur in each and every habitat of all terrestrial and aquatic ecosystems of
this biosphere and lead life as freeliving, commensals, parasites and symbiotes. Even
then, these are one of the least explored biotic groups in the maximum number of states
and all union territories of India, mainly due to lack of expertise. Perusal of available
literature reveals that there are only two published accounts on taxonomy of Protozoa
from Himachal Pradesh by Mukherjee and Das (2000) and, Chattopadhyay and Das
(2003). Mukherjee and Das (op. cit.) reported the occurrance of 5 species of ciliates,
viz., Colpoda cucullus, Coleps inermis, Monochilum ovale, Urocentrum turbo and
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Strobilidium gyrans from the Renuka lake, located at Sirmour district of the State.
However, late R.N. Mukherjee, during his tenure from 1971-86 at High Altitude Zoology
Field Station of the Zoological Survey of India (ZSI) at Solan in Himachal Pradesh
collected protozoan material from different districts of the State, preserved them on
slides, identified up to species level and deposited them in the National Zoological
Collections of the said station. His collections comprise 61 species of freeliving and 5
species of parasitic protozoa.

In recent years, the present authors collected and identified 37 species of moss
inhabiting protozoa including several species already collected by late Mukherjee mentioned
above. The present collections comprise 27 species of rhizopods and 8 species of
ciliates recovered only from one tree moss sample and 4 rock moss samples. These
samples were collected from Kullu and Shimla districts and processed in the laboratory
of ZSI at Calcutta by nonflooded petridish method (i.e., samples were saturated but not
flooded with distilled water) as described by Foissner (1987, 1992). Out of these,
taxonomy and ecology of 25 species of moss dwelling testacid rhizopods have been
published by Chattopadhyay and Das (2003) while those of 2 species of their rhizopods
and 8 species of ciliates remain unpublished till date. In this context, the present paper
reports all the freeliving and parasitic species of protozoa known so far from Himachal
Pradesh (Table 1), including the collections of late R.N. Mukherjee as mentioned above
for depicting a holistic picture of protozoan diversity revealed so far in the state.

FREELIVING PROTOZOA

In all, 84 species of protozoa were collected from freshwater habitats and moss
biotopes of Himachal Pradesh. The systematic list and district-wise distribution of these
species are presented in Table 1 and their habitat-wise distribution is shown in Table 2.
These protozoans comprise 3 species of flagellates, 45 species of rhizopods and 36
species of cilates and they belong to 2 phyla, 6 classes, 17 orders, 34 families and 50
genera.

Freshwater habitats include ditches, ponds, tanks, lakes and streams. Protozoa collections
from those habitats were made from bottom ooze, algal mass, Sphagnum and aquatic
vegetation. All the flagellate species (3 species) and most of the ciliate species (31
species) were recorded from freshwater. Of the rhizopods, one species of naked amoeba,
viz., Mayorella vespertilio (identified as Amoeba vespertilio by late Mukherjee) was
collected from amongst aquatic vegetation while 28 species of testaceans were found in
the bottom ooze, Sphagnum and aquatic vegetation. Centropyxis stellata, Campuscus
cornuatus and Leptochlamys ampullacea were recorded for the first time from India.
Out of these, first two were found in the bottom ooze of freshwater tanks of Hamirpur
and Shimla districts respectively while the third one was recorded from amongst aquatic
vegetation and algal mass in water bodies of Kangra district. Other testaceans collected
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exclusively from aquatic habitats are : A. vulgaris, Difflugia lebes, D. lobstoma, D.
muriformis, D. oblonga, D. rubescens, D. urceolata, Trigonopyxis arcula, Hyalosphenia
papilio, Euglypha laevis and Phryganella hemispherica.

As mentioned earlier, samples of tree mosses and rock mosses were processed and
examined for protozoan species during the present investigation. However, several testacean
species from mosses were also collected by late Mukherjee. As such, 32 species of
rhizopods and 8 species of ciliates were recorded from moss-covered habitats of this
state. These 8 ciliate species are : Dileptus tenuis, Litonotus muscorum, Colpoda cucullus,
Colpoda reniformis, Leptopharynx eurystoma, Cinetochilum margaritaceum, Stylonychia
pustula and Euplotes muscicola, all of which were collected from rock mosses.

In the tree moss sample, 10 species, all belonging to rhizopods were found, viz.,
Centropyxis aerophila, C. minuta, C. sylvatica, Cyclopyxis arcelloides, Plagiopyxis callida,
P. declivis, Euglypha rotunda., E. tuberculata, Tracheleuglypha dentata and Trinema
enchelys.

Examination of a moss sample collected from a rocky wall near the hot spring of
Manikaran in Kullu district, which constantly remains moistened with water vapour
arising continuously from that spring yielded only two species of naked amoebae, viz.,
Thecamoeba terricola and Mayorella vespertilio. This sample was completely devoid of
testaceans which were found to be common and abundant in all other moss samples of
the state.

In all, 15 species under the family Centropyxidae were recorded from the state.
Amongst these, all but Centropysix stellata were found in mosses. Amongst the moss
dwelling Centropyxidae of the state, two species, viz., Centropyxis aculeata and C.
spinosa occurred in hydrophilous mosses which grew adjacent to a spring and were
found to be wetted often by that spring water. Further, all the members of the family
Euglyphidae recorded here (10 species) were also found in mosses and Sphagnum.

Fourteen species of testaceans, viz., Centropyxis aculeata, C. constricta, C. aerophila,
C. ecornis, C. minuta, Cyclopyxis arcelloides, Trigonopyxis arcula (identified as Difflugia
arcula by late Mukherjee), Heliopera rosea, Nebela collaris, Quadrullela symmetrica,
Euglypha rotunda, E. tuberculata, Tracheleuglypha dentata and Trinema enchelys were
found to occur both in terrestrial mosses and Sphagnum in swamp and freshwater.

Interestingly, from soils within the gut contents of some earthworms belonging to the
species Apporrectodea trapezoides, 4 species of testaceans were recovered. These are :
Arcella discoides, Centropyxis ecornis, Difflugia lobostoma and Euglypha tuberculata.
These protozoan species are often found in moist soils adjacent to water bodies. This
is a habitat suitable for earthworms also. Therefore, it is quite inevitable that these
earthworms while devouring soils engulfed these soil dwelling testaceans also.
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PARASITIC PROTOZOA

Only 5 species of parasitic protozoa were collected from Himachal Pradesh. Of these,
Opalina obtrigonoidea was recorded from the gut contents of an amphibian host, Uperodon
systoma. Remaining 4 species, viz., Anoplophrya amaleshi, A. lumbrici, A. marilandensis
and A. striata were collected from coelom and gut contents of the following 5 species
of earthworms : Eiseria felida, Ramiella bishambari, Etyphoeus waltoni, Dichogaster
bolaui and Amynthas diffringes as shown in Table 1. From above, it is quite evident
that collections and taxonomic studies of parasitic Protozoa of the State remain almost
completerly neglected.

GEOGRAPHIC DISTRIBUTION

District-wise distribution and habitats of each protozoan species known so far from
Himachal Pradesh are presented in Table 1. The Table clearly reveals that 3 districts out
of 12, viz., Bilaspur, Chamba and Lahul & Spiti are underexplored for Protozoa. The
remaining 9 districts are also considerably unexplored although 24-35 species were collected
from 4 districts, viz., Solan, Shimla, Sirmour and Kullu. It is needed to mention here
that 3 species of rhizopods, viz., Centropyxis stellata, Campuscus cornuatus and
Leptochlamys ampullacea and 7 species of ciliates as follows : Litonotus muscorum,
Colpoda reniformis, Leptopharynx eurystoma, Paraholosticha herbicola, Oxytricha
hymenostoma, Pleurotricha lanceolata and Stylonychia pustula are recorded for the first
time from India.

SUMMARY

The paper deals with all the protozoan species collected and recorded so far from
Himachal Pradesh. It includes 89 species (84 freeliving and 5 parasitic), belonging to 2
phyla, 6 classes, 17 orders, 34 families and 50 genera. District-wise and habitat-wise
distribution of each species in the state are also presented in the paper. A total of 10
species, viz., Centropyxis stellata, Campuscus cornuatus,- Leptochlamys ampullacea,
Litonotus muscorum, Colpoda reniformis, Leptopharynx eurystoma, Paraholosticha herbicola,
Oxytricha hymenostoma, Pleurotricha lanceolata and Stylonychia pustula constitue first
records from India. Out of these, the first three are rhizopods and the remaining are
ciliates.
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Table-1. District-wise distribution of protozoan species of Himachal Pradesh

Districts

4

Taxon

Lahul &

Solan

—|Bilaspur
~o|Chamba
w|Hamirpur
+|Kangra
“{Kinnaur
o|[Kullu
Spliti
oo|Mandi

A. Freeliving Protozoa
Phylum SARCOMASTIGOPHORA
Class PHYTOMASTIGOPHOREA
Order CRYPTOMONDIDA
Family CRYPTOMONADIDAE
1. Chilomonas paramecium Ehrenberg +

Order EUGLENIDA

Family EUGLENIDAE
2. Fuglena oxyuris Schmadra
3. Euglena viridis Ehrenberg

Class LOBOSEA
Order AMOEBIDA
Family THECAMOEBIDAE
4. Thecamoeba terricola (Greef) +

Family PARAMOEBIDAE

5. Mayorella vespertilio (Penard) + +
Order TESTACREALOBOSEA

Family ARCELLIDAE

6. Arcella discoides Ehrenberg +

1. Arcella vulgaris Ehrenberg +

Family MICROCORYCIIDAE
8. Diplochlamys timida Penard +
9. Leptochlamys ampullacea West +

| Shimla
=|Sirmour
N|Una

Dt
Dt

(z-14vq) vAvDWIL UidISaY JO vunv.f



Table 1. continued...

Districts
Taxon 5 [ 5| 2 <° = < =

&l E E ) g s | 52| B 2 2 =
22|55 &| 5|55 §|E| B3|
2 O | = N A S| S| »n ]| & A | o
1 2 3 4 5 6 8 9 10 11 | 12

Family CENTROPYXIDAE

10. Centropyxis aculeata (Ehrenberg) + +

11. Centropyxis aerophila Deflandre
12. Centropyxis constricta (Ehrenberg)
13. Centropyxis ecornis (Ehrenberg) +
14. Centropyxis minuta Deflandre
15. Centropyxis platystoma (Penard)
16. Centropyxis spinosa (Cash &

Hopkinson)
17. Centropyxis sylvatica (Deflandre)
18. Centropyxis stellata Wailes +
19. Cyclopyxis arcelloides (Deflandre) +

20. Cyclopyxis kahli (Deflandre)
21. Plagiopyxis callida Penard
22. Plagiopyxis declivis Bonnet & Thomas
23. Plagiopyxis minuta Bonnet
24. Trigonopuxis arcula (Leidy)
Family DIFFLUGIIDAE
25. Difflugia lebes Penard
26. Difflugia lobostoma Leidy + +

+

+
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+ + + +
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Table 1. continued...

Districts

14!

Taxon

Lahul &

Spliti
Solan

—|Bilaspur
~o|Chamba
w|Hamirpur
&|Kangra

27. Difflugia muriformis Gauthier-Lievre
& Thomas

28. Difflugia oblonga Ehrenberg +
29. Difflugia rubescens Penard
30. Difflugia urceolata Carter +

Family NEBELIDAE
31. Heleopera rosea Penard
32. Heleopera sylvatica Penard +
33. Hyalosphenia papilio Leidy
34. Nebela collalris (Ehrenberg)
35. Nebela wailesi Deflandre
36. Quardulella symmetrica (Wallich)

Family PHRYGANIIDAE
37. Phrganella hemispherica Penard +

Class FILOSEA
Order TESTACEAFILOSA
Family CYPHODERIIDAE
38. Campuscus cornuatus Leidy

Family EUGLYPHIDAE
39. Assulina muscorum Greef

v Kinnaur
o Kullu
oo|Mandi
=|Sirmour

+ | o|Shimia

* |S|Una

+

(7-34v) vADIDUWIL] U4D)1SaY fO pUnD.]



Table 1. continued...

Taxon

Districts

—|Bilaspur
~o|Chamba

w|Hamirpur

+|Kangra

40. Corythion dubium Taranek
41. Euglypha laevis (Ehrenberg)
42. Euglypha rotunda Wailes & Penard
43. Euglypha strigosa (Ehrenberg)
44. Fuglypha tuberculata Dujardin
45. Tracheleuglypha dentata (Vejdowsky)
46. Trinema complanatum Penard
47. Trinema enchelys (Ehrenberg)
48. Trinema lineare Penard
Phylum CILIOPHORA
Class KINETOFRAGMINOPHOREA
Order PROSTOMATIDA
Family HOLOPHRYIDAE
49. Holophrya simplex Schewiakoff
Family COLEPIDAE
50. Coleps hirtus (Muller)
51. Coleps inermis (Perty)
Family TRACHELIIDAE
52. Dileptus tenuis Penard
Family DIDINIDAE
53. Didinium nasutum (Muller)
Family AMPHILEPIDAE
54. Amphileptus claparedei Stein

Lahul &
Solan

»|Kinnaur
Spliti

oo|Mandi
o|Shimla
=|Sirmour
N|Una

[S—
Pk

+
+|a Kullu

+
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Table |. continued...

91

Districts

Taxon

Lahul &
Solan

Spliti

—|Bilaspur
89|Chamba
w|Hamirpur
&|Kangra

v (Kinnaur
o JKullu
oo{Mandi
o|Shimla
=|Sirmour
N|Una

—
Pt

55. Hemiophrys procera (Penard)

56. Litonotus fasciola (Ehrenberg)
57. Litonotus muscorum (Kahl)
Order TRICHOSTOMATIDA
Family COLPODIDAE
58. Colpoda cucullus (Mullar)
59. Colpoda steini Manupas
60. Colpoda reniformis Kahl.
Family LEPTOPHARYNGIDAE
61. Leptopharynx eurystoma (Kahl)
Class OLIGOHYMENOPHOREA
Order HYMENOSTOMATIDA
Family GLAUCOMIDAE
62. Monochilum ovale (Schewiakoff)
Family OPHRYOGLENIDAE
63. Ophryoglena flava (Ehrenberg)
Family PARAMECIIDAE
64. Paramecium aurelia Ehrenberg
65. Paramecium caudatum Ehrenberg

Family FRONTONIIDAE
66. Frontonia atra Ehrenberg + +
67. Frontonia leucas Ehrenberg

+ o+

(7-1404) vADIDUIL U43)534 fo punvy




Table 1. continued...

Taxon

Lahul &
Solan

Spliti

—|Bilaspur
~>|Chamba
w|Hamirpur
+|Kangra
v Kinnaur
o [Kullu
oo|Mandi
o|Shimla
=|Sirmour
8|Una

Pt
(S
a—y

Family UROCENTRID
68. Urocentrum turbo (Muller)
Order SCUTICOCILIATIDA

Family CINETOCHILIDAE
69. Cinetochilum margaritaceum Perty

Order PERIATRICHIDA
Family VORTICELLIDAE
70. Vorticella campanula Ehrenberg

Class POLYHYMENOPHOREA

Order HETEROTRICHIDA

Family SPIROSTOMATIDAE

71. Blepharisma undulans Stein

72. Spirostomum ambiguum Ehrenberg

Family METOPIDAE
73. Metopus es Muller

Family STROBILIDIIDAE
74. Strobilidium gyrans (Stockes)

Order HYPOTRICHIDA
Family UROSTYLIDAE
75. Paraholosticha herbicola Kahl

Family OXYTRICHIDAE
76. Oxytricha bifaria Stokes

D020j04d : AVAHAVJOLLVHD ANV Svd
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Table 1. continued...

Taxon

Districts

—|Bilaspur

~|Chamba

w|Hamirpur

&|Kan

Lahul &

Spliti

Solan

v [Kinnaur
asrl(ullu

oo[Mandi

o|Shimla

=[Sirmour

S
)

S|Una

77. Oxytricha fallax Stein
78. Oxytricha hymenostoma Stokes
79. Pleurotricha lanceolata (Ehrenberg)
80. Stylonychia mytilus (Muller)
81. Stylonychia pustulata (Muller)
Family EUPLOTIDAE
82. Euplotes patella (Muller)
83. Euplotes charon (Muller)
84. Euplotes muscicola (Kahl.)
B. Parasitic Protozoa
Phylum SARCOMASTIGOPHORA
Order OPALINIDA
Family OPALINIDAE
85. Opalina obtrigonoidea Metcaff
Host Upeerodon systoma
Phylum CILIOPHORA
Class OLIGOHYMENOPHOREA
Order ASTOMATIDA
Family ANOPLOPHRYIDAE
86. Anoplophrya amaleshi Dey & Mukherjee
Host Eiseria fetida
87. Anoplophrya lumbrici Heindreich
| Host Ramiella bishambari

+

+ +

+

+ +

81
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Table 1. continued...

Districts

Taxon

Lahul &

Spliti
Solan

—|Bilaspur
8|Chamba
w|Hamirpur
+|Kangra

vKinnaur
o [Kullu
oo|Mandi
o|Shimla
= |Sirmour
|Una

—
—
J—

88. Anoplophrya marylandensis Conklin
Hosts Etyphoeus waltoni

Dichogaster bolaui
89. Anoplophrya striata
Host Amynthas diffringes

+
Dozojodd : AVAHAVAOLLVHO ANV SVd
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Table 2. Habitat-wise distribution of Protozoan species (freeliving) of Himachal Pradesh

(Al : algae; Oz : bottom ooze; Rm : rock mosses; Rms : mostly submerged rock mosses; Sg :
soil within guts of earthworms; Sph : Sphagnum in water bodies; Ssph : Sphagnum in swamp;
Tm : tree mosses; Vg : aquatic vegetation)

Taxon

Habitats

Freshwater

Terrestrial

Al

Oz

Sph

Ssph

Vg | Rm| Rms| Sg| Tm

Flagellates

1.
2.
3.

Chilomonas paramecium
Euglena oxyuris
Euglena viridis

Rhizopods

10.
. Centropyxis aerophila
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

© ® N v s

Thecamoeba terricola
Mayorella vespertilio
Arcella discoides

Arcella vulgaris
Diplochlamys timida
Leptochlamys ampullacea
Centropyxis aculeata

Centropyxis constricta
Centropyxis ecornis
Centropyxis minuta
Centropyxis platystoma
Centropyxis spinosa
Centropyxis sylvatica
Centropyxis stellata
Cyclopyxis arcelloides
Cyclopyxis kahli
Plagiopyxis callida
Plagiopyxis declivis
Plagiopyxis minuta

Trigonopyxis arcula

+ + + + + + +
+

+ + + + + +
+
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Taxon

Habitats

Freshwater

Terrestrial

Al | Oz

Sph

Ssph

Ve

Rms

Sg

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.

Difflugia lebes
Difflugia lobostoma
Difflugia muriformis
Difflugia oblonga
Difflugia rubescens
Difflugia urceolata
Heleopera rosea
Heliopera sylvatica
Hyalosphenia papilio
Nebela collaris

Nebela wailesi
Quadrulella symmetrica
Phryganella hemispherica
Campuscus cornuatus
Assulina muscorum
Corythion dubium
Euglypha laevis
Euglypha rotunda
Euglypha strigosa
Euglypha tuberculata
Tracheleuglypha dentata
Trinema complanatum
Trinema enchelys

Trinema lineare

Ciliates

49.
50.
S1.
52.
33.
54.

Holophrya simplex
Coleps hirtus
Coleps inermis
Dileptus tenuis
Didinium nasutum

Amphileptus claparedei

+ + 4+ + + 4+

+ +

+ + 4+ + + + +
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Table 2. continued

Habitats
Taxon Freshwater Terrestrial

Al ([Oz | Sph | Ssph | Vg | Rm| Rms| Sg | Tm

55. Hemiophrys procera
56. Litonotus fasciola

57. Litonotus muscorum
58. Colpoda cucullus

59. Colpoda steni

60. Colpoda reniformis
61. Leptopharynx eurystoma
62. Monochilum ovale
63. Ophryoglena flava

64. Paramecium aurelia
6S. Paramecium caudatum
66. Frontonia atra

67. Frontonia leucas

+ + + + + + + + + + +

68. Urocentrum turbo
69. Cinetichilum margaritaceum +
70. Vorticella campanula
71. Blepharisma undulans
72. Spirostomum ambiguum
73. Metopus es

74. Strobilidium gyrans

75. Paraholosticha herbicola
76. Oxytricha bifaria

77. Oxytricha fallax

78. Oxytricha hymenostroma

79. Pleurotricha lanceolata

+ + + + + + + + + + +

80. Stylonychia mytilus
81. Stylonychia pustulata +

+

82. Euplotes patella
83. Euplotes charon

84. Euplotes muscicola +
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PLANT AND SOIL NEMATODES

QAISER H. BAQRI and PADMA BOHRA
Desert Regional Station, Zoological Survey of India, Jodhpur

INTRODUCTION

Among the metazoan animals, the members of the phylum nematoda constitute one of
the largest and most diversified groups. They are found as free living in every kind of
habitat or as parasites of plants, arthropods, molluscs and vertebrates. The nematodes may
be defined as worm-like invertebrates having appendageless and non-segmented body. Since
most of them have cylindrical body, they are also called ‘round worms’ or ‘thread worms’

Nematodes are characterised by a body cavity, complete digestive tract, to some extent
a well developed nervous system, excretory system and reproductive system (one or two
tubular gonads). The digestive tract or the alimentary canal is like a tube placed within a
larger tube (the body wall). The body wall is composed of an outer protective layer of
cuticle underlying hypodermis and somatic muscles. The hypodermis is thin and expands
into the body cavity (coelom) to form the four longitudinal chords between the somatic
muscles, i.e., two lateral, one dorsal and one vertral chords. The sexes are generally
separate. However, males may be absent in some groups and reproduction takes place
through parthenogenesis. The males and females in plant parasitic forms show marked
sexual dimorphism while males in some groups have differently shaped tail or degenerated
digestive system. Taxonomically, the nematodes are being classified into two classes, 16
orders, 90 superfamilies and 210 families. However, according to their habitat and feeding
habits they are also grouped under five ecological groups, viz.,, parasites of vertebrates,
parasites of invertebrates, parasites of plants, microbotrophic or saprophagous, and predaceous.
Bagri & Jairajpuri (1995) have provided a brief historical review of each group.

The present paper reports the terrestrial nematode species (plant parasitic, microbotrophic
or saprophagous and predaceous groups) from Himachal Pradesh, a State nestling in the
north-western Himalayan mountains.

PLANT PARASITIC NEMATODES

Plant parasitic nematodes generally belong to the following Orders : Tylenchida,
Aphelenchida, Dorylaimida and Triplonchida. They are mainly found in the soil except
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the species of a few genera like Aphelenchoides, Ditylenchus, Anguina,etc. which attack
above ground parts of plants (leaves, stem or flowers). These nematodes are generally
divided into two groups according to their parasitic habits, i.e., ectoparasites and
endoparasites. The nematodes of former group live in the soil and feed by thrusting the
stylet into root tissues without entering the plant. They are mostly migratory in behaviour.
The endoparasitic nematodes generally spend their entire life cycle inside the plant tissues.
Some of the endoparasitic nematodes have spherical or ovoid females and thus become
sedentary and remain within the plant tissues, e.g., Meloidogyne spp. The endoparasitic
nematodes like Pratylenchus spp. are migratory because they move freely within the
tissues and form cavities and lesions at the feeding sites but may come out from plant
tissues to lead their life in the soil. There are also some semi-endoparasitic nematodes
which have only anterior half of their body embeded in the plant tissues. e.g., Heterodera

Spp.

Plant parasitic nematodes are economically very important because they inflict severe
yield losses in agricultural and horticultural crops. According to some reports, out of 34%
yield losses in agricultural crops annually on global basis due to different weeds and
pests, about 10-12% are caused by the phytophagous nematodes. In India, van Berkum
and Seshadri (1970) have estimated crop losses of about 10 million dollars in wheat due
to seedgall nematode (Anguina tritici) and of about eight million dollars in barley and in
wheat due to molya disease caused by cereal cyst nematode (Hefterodera avenae) in
Rajasthan State alone. Losses caused by root knot and cyst nematodes (Meloidogyne spp.
and Heterodera spp.) have been estimated from 25 to 90% depending upon the cultivar,
season and crop pattern.

It is also an established fact that the damage to plants caused by two or more
pathogen is more severe than what the single pathogen causes independently. Similarly,
the infestation of plant parasitic nematodes combined with bacteria, fungi and viruses
results in severe kind of diseases in agricultural and horticultural crops.

MICROBOTROPHIC OR SAPROPHAGOUS NEMATODES

Microbotrophic nematodes are generally defined as those which depend upon
micro-organisms but don’t hunt for food. They are also called as saprophagous or free
living and found wherever they find food (in soil, fresh or marine water, hot spring, polar
ice) without any parasatic relationship. Among them, the marine nematodes are considered
as most primitive members of the phylum Nematoda and numerically one of the most
abundant groups in the animal kingdom. These free living nematodes have undoubtedly
a major role in maintaining the natural ecological balance in the ecosystem in which they
live.

Microbotrophic nematodes have a large mouth opening which is sometimes armed
with an odontostyle (stylet) for scraping or crushing micro-organisms. Majority of the
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terrestrial microbotrophic nematodes belongs to the orders Rhabditida and Dorylaimida.
A large number of stylet bearing nematode species belonging to the Order Aphelenchida
have also been confirmed as fungus feeder.

PREDATORY NEMATODES

The nematodes belonging to Order Mononchida and some to the Orders Dorylaimida,
Diplogasterida and Aphelenchida are depending for food on micro-organisms like bacteria,
fungi, protozoa and other multicellular micro-organisms. However, the nematodes under
Mononchida (Mononchs) are considered important because they predominately feed on
rotifers, small oligochaets etc. while a few may exhibit cannibalism. As a result they are
considered economically important because of their role in the bio-control of phytophagous
nematodes. Many species of Mononchs, Dorylaimids and Diplogasterids have been
confirmed as predatory in their feeding behaviour while a few species of mononchids
have been confirmed as an ideal agent in the biological control of plant-parasitic namatodes
in the laboratories.

The main feature of these predatory nematodes is the strongly sclerotized buccal
cavity which is armed with tooth or teeth, with or without longitudinal ridges. Sometimes
the denticles may be present on the sub-ventral wall of the buccal cavity. The presence
of long, cylindrical and strongly muscular oesophagus with greatly thickened lumen is
also - an added advantage in their predatory behaviour.

RANGE OF DIVERSITY INCLUDING
ZOOGEOGRAPHICAL RELATIONS OF HIMACHAL PRADESH

In terms of diversity, the nematodes are considered to be highly diversified and can
only be compared with insects amongst the multi-cellular organisms.The terrestrial
nematodes are mostly microscopic in size as their body length varies from 0.3-7.0 mm.
They generally have cylindrical body while some phytophagous nematodes may be fusiform,
spherical, seccate, lemon-shaped or kidney-shaped. In contrast to most saprophagous
nematodes, plant parasitic forms may survive under harsh climatic conditions. For instance,
the juveniles in Anguina tritici can be revived from an abiotic conditions (appearing as
dried up pieces) after 20-30 years. The mature females in the family Heteroderidae
become dark and later the cuticle becomes a hardwall (cyst) in which the eggs remain
protected upto six years.

The distribution of plant parasitic nematodes mainly depends upon temperature, soil
texture/pore size, moisture and availability of host plants. The plant parasitic nematodes
attack all kind of plants whether in arctic or in desert. Most of them are polyphagous
having a large range of hosts as in nematodes like Ditylenchus spp., Rotylenchulus
reniformis, Helicotylenchus spp., Meloidogyne spp., etc. In a few cases range of host
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may be very much restricted as in Globodera spp., Heterodera spp., Radopholus similis.
The species of these genera show a remarkable host specificity and thus they are
commonly known by their host, viz. Globodera rostochiensis as potato cyst nematode,
Heterodera avenae as cereal cyst nematode, H. zeae as maize cyst nematode, etc.
Though the origin of the cyst nematodes is not certain, they are found in temperate as
well as tropical countries, e.g. Heterodera avenae is reported from temperate and tropical
regions. In India, H. avenae has been reported as a destructive pest of wheat from the
hills of Himachal Pradesh as well as from Rajasthan which comes under arid or semi-
arid zones. Globodera rostochiensis has frequently been reported from potato growing
mountains.

Anguina tritici, the wheat gall nematode, is considered to be a native of Europe
but is distributed throughout the world. The origin of Meloidogyne species is also
not known but they are abundantly found and inflicting severe damages to all kind
of agricultural and horticultural crops over the world and are commonly found in
Himachal Pradesh. It is observed that there are less number of criconematids reported
from arid zone whereas their number is quite high in hilly areas. Though
Hemicycliophora species are generally found in temperate region but they are also
found in the plains of tropical countries. The species of the genus have also been
reported from Himachal Pradesh.

Since most of the nematodes are adapted to survive under harsh climate and we
know only about 5% terrestrial nematode fauna, it appears beyond the scope of this
paper to discuss the zoogeographical relations of Himachal Pradesh fauna with
global fauna.

REVIEW OF LITERATURE

The review of nematological literature reveals that Thirumalachar (1951) was the
first to report root-knot nematode species from potato tubers in Shimla. Thereafter,
Nirula and his coworkers (1959-1968) conducted intensive surveys for cyst and
root-knot nematodes causing severe losses to crops in Himachal Pradesh.
Simultaneously, Jairajpuri (1963-1964). Qut of 127 known species from Himachal
Pradesh, 44 species have been added as new to science. Most of these species are
still endemic because they are known only from their type localities. However, they
may not remain endemic for ever, since we have yet to explore about 80% area of
the country for the fauna of terrestrial nematodes.

Since a few papers in literature have been found providing information on the
distribution mentioning only Himachal Pradesh (without mentioning locality or district),
we could not furnish information about district in Table-I for some species.
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Table : District-wise distribution of Nematodes in Himachal Pradesh

Taxa

Districts

Lahul &
Spliti

Sirmour

Solan

Una

Remarks

~ | Bilaspur

& | Chamba

w | Hamirpur

& | Kangra

w | Kinnaur

o | Kullu

oo | Mandi

o | Shimla

Order TYLENCHIDA
Family TYLENCHIDAE
Tylenchus arcuatus - 1
Iylenchus ritae*
Tylenchus rohtangus*
Tylenchus magnus*
Coslenchus indicus
Coslenchus capsici*
Family TYLODORIDAE
7. Cephalenchus leptus
Family DOLICHODORIDAE
8. Tylenchorhynchus sp.

SV s~

9. Tylenchorhynchus mashhoodi
10. Quinisulcius capitatus

11. Nagelus hexagrammus

12. Trophurus lomus*

13. Merlinius nothus

Family PSILENCHIDAE

14. Psilenchus hilarulus

+

Endemic
Endemic
Endemic

Endemic

Exotic

Endemic
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Table contd...
Districts
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Family HOPLOLAIMIDAE
15. Hoplolaimus indicus + Exotic
16. Hoplolaimus chambus* + Endemic
17. Scutellonema brachyyrum* + Endemic
18. Rotylenchus buxophilus +
19. Rotylenchus dalhousiensis* + Endemic
20. Rotylenchus neorobustus* + Endemic
21. Helicotylenchus dihystera + + + + Exotic
22. Helicotylenchus indicus + Endemic
23. Helicotylenchus mucronatus +
24. Helicotylenchus rohtangus* + Endemic
25. Helicotylenchus steiner* +
26. Helicotylenchus goldeni* +
27. Helicotylenchus girus
28. Helicotylenchus shakili* + Endemic
29. Helicotylenchus valecus* + Endemic
30. Varotylus peculiaris* + Endemic
31. Varotylus himpurus* + Endemic
32. Varotylus symmetricus* + Endemic
33. Varotylus helicus +
34. Verotylus secondus
35. Verotylus siddiqui + +
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Districts
5 0
Taxa 2|8 | B g |8 = - | = |5 %
Z|5|E|2|E|2|Z22| E|E|E|& || E
a|lo|c (2|22 |3&=S|&|al8|5] =
1 2 3 4 5 6 8 9 o] n 13
36. Orientylus geraerti* +
Family ROTYLENCHULIDAE
37. Rotylenchulus reniformis
Family PRATYLENCHIDAE
38. Pratylenchus pratensis + + Exotic
39. Pratylenchus penetrans Exotic
40. Pratylenchus zeae Exotic
41. Pratylenchus neocapitatus* Endemic+
42. Pratylenchus caffeae
43. Pratylenchus manaliensis
Family MELOYDOGINIDAE
44. Meloidogyne hapla Exotic
45. Meloidogyne incognita + Exotic
46. Meloidogyne javanica Exotic
Family HETERODERIDAE
47. Heterodera avenae +
48. Heterodera cajani
49. Heterodera graminis
50. Heterodera iri + Exotic
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Table contd....
Districts
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51. Heterodera zeae + +
52. Heterodera sp. +
53. Heterodera carotae +
54. Globodera rostochiensis +
55. Afenestrata sacchari
Family CRICONEMATIDAE
56. Criconemoides (Paracriconemoides) neoayeste +
57. Ogma (Ogma) fotedari* +
58. Ogma (Ogma) similaensis + + Endemic
59. Ogma (Seriespinula) tenuicaudata +
60. Macroposthonia antipolitana +
61. Macroposthonia xenoplax + +
62. Macroposthonia bilaspurensis* +
63. Criconemoides informis
Family HEMICYCLIOPHORIDAE
64. Hemicycliophora subaolica* + Endemic
65. Loofia robusta
66. Loofia planiannulata +
Family TYLENCHULIDAE
67. Tylenchulus semipenetrans + + | + Exotic
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Family PARATYLENCHIDAE

68. Paratylenchus curvitatus
69. Paratylenchus nainianus
70. Paratylenchus minor

71. Paratylenchus prunii*
72. Gracilacus peperpotti

Family ANGUINIDAE
73. Safianema indicum

Order APHELENCHIDA
Family APHELENCHOIDIDAE
74. Aphelenchoides besseyi
75. Aphelenchoides ritzemabosi
76. Aphelenchoides fragariae
77. Aphelenchoides agarici*
78. Aphelenchoides myceliophagus*
79. Aphelenchoides neocomposticola*
80. Aphelenchoides swarupi

Order DORYILYMIDA
Family QUADSIANEMATIDAE
81. Labronema loofi

+

Endemic

Endemic
Endemic
Endemic
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Family NORDIIDAE
82. Longidorella acutis +
83. Longidorella xenura + +
84. Pungentus clavatus* Endemic
85. Enchodelus (Enchodelus) microdoroides* + | + Endemic
86. Enchodelus (Enchodelus) distinctus* +
87. Enchodelus (Nepalus) maximus* + Endemic
88. Enchodelus (Paraenchodelus) longidens* + Endemic
89. Enchodelus (Paraenchodelus) satendri* + Endemic
90. Enchodelus (Paraenchodelus) thornei* + Endemic
91. Enchodelus (Rotundus) parateres* +
Family ACTINOLAIMIDAE
92. Actinolaimoides thornei* + + Endemic
Family LONGIDORIDAE
93. Longidorus himalayensis* + Endemic
94. Longidorus elongatus + + +
Family XIPHINEMATIDAE
95. Xiphinema americanum + Exotic
96. Xiphinema brevicolle + Exotic
97. Xiphinema bergeri + + +
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Family BELONDIRIDAE
98. Axonchium (Axonchium) manalicum*
99. Dorylaimellus (Dorylatmellus) himalayensis
Family TYLENCHOLAIMIDAE
100. Tylencholaimus (Tylencholaimus) cedari
Family LEPTONCHIDAE
101. Tyleptus projectus
102. Gymnotyleptus sp.
Family MYDONOMIDAE
103. Dorylaimoides (Dorylaimoides) indicus
Family NYGOLAIMIDAE
104. Nygolaimus harishi
105. Clavicaudoides tenuicaudatum* +
106. Aquatides aquaticus +
107. Aquatides intermedius
108. Aquatides deconincki
109. Aquatides christicki*
110. Aquatides thornei
111. Laevides laevis
112. Laevides timmi

113. Solididens vungris

Endemic

+ +

+ 4+

Endemic

Endemic

+ + 4+ 4+ + + +
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114. Solididens australis +
115. Paravulvus acuticaudatus +
116. Paravulvus papillatus* + Endemic
117. Aetholaimus indicus +
Order MONONCHIDA
Family MYLONCHULIDAE
118. Mylonchulus amurus* + Endemic
119. Mylonchulus apapillatus* + Endemic
Family ANATONCHIDAE
120. Miconchus delhousiensis* + Endemic
SAPROPHAGOUS NEMATODES
(Misc. Orders)
121. Tridontus longicaudatus +
122. Welcereptus andersoni +
123. Amphidelus manalicus* + Endemic
124. Etamphidclus japonicus
125. Cephalobus sp.
126. Penagrolaimus sp.
127. Diplogaster sp.
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MOLLUSCA

K. V. SURYA RAO and S. C. MITRA
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INTRODUCTION

Western Himalayas form an important zoogeographical zone and there are a good
number of species of land and freshwater molluscs, restricted endemic to the Western
Himalayas.

Notable earlier works on molluscs of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>