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Abstract 

An attempt has been made to build up polen/vegetation relationship through the study of a setof 
43 surface samples collected in transects from various communities such as Sal forest, Acacia catechu zone, 
subtropical pine forest, pine-oak woods, oak-deodar woods and spruce-fir-oak woods at different altitudes
ranging from about 700-2700 m from Dehradun Division-Golatappar, Kala Gad, Sahastradhara, on way 

from Mussoorie to Kampti Falls and Chakrata to Devban. 
The study reveals the total absence of Sal forest as well as Acacia catechu zone in the pollen spec- 

However, pine-cak woods, spruce-fir-oaktra, thus depicting false picture of the surrounding vegetation.

woods, etc. arc morc or less faithfully represented. 
out, whereas insected pollinated spectra are either under-represented or even un-represen ted . 

Chir-pine remains to be over-represented through- 

Introduction 

The present paper deals with the study of pollen/vegetation relation of Dehradun 

Division-Golatappar, Kala Gad, Sahastradhara; on way from Mussoorie to Kampti 
Falls and Chakrata to Devban via Kalsi. These regions are located in the Garhwal 

Himalaya which constitute the central part of Westera Himalaya between 30° and 31°N, 

70 and 80°E. To date no work of this kind has been carried out in this region or any 

part of Garhwal Himalaya. However, similar work in the adjoining states of Kumaon on 
the West and Himachal Pradesh on the east has been done by Gupta (1977) and Sharma 

(1973) respectively. 

Vegetation 
There are quite a few publications on the flora of Garhwal (Strachey and winter 

bottom 1946-1849; Duthie, 1906; Rau, 1961) or references to its flora in the floras of 

adjoining regions (Osmaston, 1922, 1927; Kanjilal, 1928; Saxena, 1966; Malhotra, 1973; 
Samuel & Gaur, 1979; Awasthi & Sharma, 1980). 

An attempt has been made to build up the pollen/vegetation relationship amongst 

various plant communities at diferent altitudes and samples (Table 1) collected in 

transects. 

In Dehradun region sampling was done in the Sal forest, Acacia-Dalbergia zone com- 

munity, subtropical pine forest, pine-oak woods, oak-deodar woods and spruce-fir-oak 
woods. Thus the work has been carried out from a low altitude-680 m a.s.l. to high 

altitude-2700 m a.s.l. with subalpine vegetation. 

Method-The surface samples (soil samples as well as moss cushions) were boiled 

with 10 % potassium hydroxide solution for a few minutes, then sieved and the obtained 

filtrate was centrifuged and washed to remove alkali. After dehydration with glacial 

acetic acid it was acétolysed (Erdtman, 1943). In case of soil samples hydrofluoric acid 

treatment was given before acetylosis Slides have been prepared in 50 per cent glycerine 

calculated in terms of total terrestrial pollen.

Geuphytology, 15(1) : 87-97, 1985. 
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Map showing the localities. 

Provenance of samples collected from Garhwal Himalaya for recent pollen spectra: 

1. Golatappar (1) Moss cushion scraped from Dioshyros tree within the forest. 

Moss cushion at the edge of swamp under Diospyros tree 
within the forest. 

2. Golatappar () 

Golatappar (1i) Soil sample a few yard away from the above within swampy 3. 

area. 

4. Golatappar iv) Soil samples further away from the above. 

Moss cushion very near the above to compare the com- 

position in soil sample and moss cushion within the same 
5. Golatappar (v) 

area. 

Moss cushion scraped from a bark of Syzygium cuminii near 

swampy area within the same forest. 
6. Golatappar (vi) 
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Moss cushion from Kala Gad along the rock exposure by 
the side of road within Sal forest. 

7. Kala Gad ) 

Moss cushion from within Sa! forest, a few hundred yards 
away from above along the slope, across the river. 

8. Kala Gad (i) 

9. Kala Gad (ii) Moss cushion further away from the above within the same 

forest. 

10. Kala Gad (iv) Moss cushion further away towards the river outside the 

forest. 

11. Kala Gad (v Moss cushion scraped from an exposed stone lying within 

the river. 

12. Acacia calechu for- Moss cushion scraped from the exposed rock on the road 

mation side. 

13. Acacia catechu for Moss, Riccia away from the previous one. 

mation 

14. Sahastradhara (i) Moss cushion scraped from a rock near the temple 

15. Sahastradhara (i) Moss cushion away from the temple. 

16. Sahastradhara(ii)- Moss cushion further away from the temple; very near to 

one of the streams. 

17. Sahastradhara (iv) Moss cushion further away from the albove. 

18. On way from Mussoo- 

() rie to Falls Moss cushion within oak forest. 

19. On way from Mussoo0 

rie to Falls (i) Moss cushions scraped from oak tree about 5 km away from 

the above within oak forest. 

20. Kampti Falls (i) Moss cushion from right side of Kamnpti Falls (a few yards 

away). 
21. Kampti Falls (ii) Moss cushion just near the Falls. 

22. Kampti Falls (ii) Moss cushion approximately at the same distance as sample 
no. 20 but on left side of Falls. 

23. Kampti Falls (iv) 
24. Kampti Falls (v) 

Moss cushion further away from the Falls on left side. 

Moss cushion further away from the above within a small 
cave. 

25. Kampti Falls (vi) Moss cushion further away from the Falls on left side. 
Moss cushion frorm one of the Ashva Medh Yagya site from 
this archacological site. 

Moss cushion away from the above from the same site. 

26. Kalsi (i) 

27. Kalsi (ii) 

28. On way from Kalsi 

to Chakrata (i) 

29. On way from Kalsi -Moss cushion scraped trom the exposed rock near Nikesi 
to Chakrata (ii) 

Moss cushion from near the Nala flowing at the roadside 
near Kalsi. 

and Check-Chowki, Kalsi. 
30 On way from Kalsi - Moss cushion about 4 km from Kalsi Rest Housc. 

to Chakrata (ii) 

31. On way from Kalsi -Mos cushion scraped from the edgc of the rock near 
to Chakrata (iv) Sahiya. 
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On way from Kalsi- Moss cushion scraped from the exposed rock on road side 
32. 

to Chakrata (v) within oak forest (Quercus incana) about 6 km from Sahiya. 

33. On way from Kalsi Moss cushion scraped from the bark of QuercuS ncana tree 

to Chakrata (vi) within the same forest. 

On way from Kalsi- Moss cushion about a furlong away from the above within 
34 

to Chakrata (vii) the same forests. 

35. Chakrata (i) Moss cushion scraped from the exposed rock just at the en- 

trance of the oak-deodar forest. 

36 Chakrata (ii) Moss cushion higher up with in the same forest. 

Moss cushion scraped from the exposed rock near road 
37. On way from 

Chakrata to Devban (i) side in the deforested area Devban is about 5 km from this 

Side. 

Moss cushion a few hundred yards away from the above 

in the opposite direction. 

Moss cushion scraped from exposed rock at a higher alti- 

tude than above, about 2 km from Devban. 

38 On way from Cha- 

krata to Devban (i) 

On way from Cha- 
krata to Devban (ii) 

39. 

Moss cushion near Devban from the edge of the rock 

along the road side. 
Moss cushion scrapcd from the bark of Quercus semecarp- 

folia tree infront of Rest House within Devban forest. 

On way from Cha- 
krata to Devban (iv) 

40. 

41. Devban (i) 

42. Devban (i) - Moss cushion a few yards away from the above within 

the same forest. 

43. Devban (iii) Moss cushion opposite the Rest House. 

Pollen/vegetation relationship 
Gola TapparSix surface samples (moss cushions and soil samples) were collected 

from Golatappar. It is a preservation plot and is mainly comprised of mixed Sal deci-

duous forest in which Sal is the most dominant tree (70-80%). 
OCcurrence are Diospyros embryopteris, Pterospermunm acerifolium, Terminalia tomentosa, Syzygium 

cumini, Ougenia, Flemingia, Ardisia solanacea, Callicarpa macrocarba, Biscofia javanica, Calamus 
lenuis, Clerodendron viseosum, Nasturtium, members of Asteraceae, Rosaceae, Chenopodiaceae, 
Amaranthaceae, Acanthaceae, Polygonaceae, grasses, sedges, Fern, etc. Saccharum plan- 
tation is very common. Scattered trees of Acacia calechu and Dalbergia sissoo too are seen 

Other plants of common 

in the area. 

The pollen spectra reveal overall dominance of non-arboreals over the arboreals. 

The tree vegetation is represented by moderately high values of Pinus oxburghii. Quercus 
shows a fuctuating trend, i.e. low in the lower three samples and higher in upper samples. 
Other arborca! taxa present in low valucs are Cedrus deodara, Picea, Abiev, Betula, Ulmus, 

7uglans, Alnus, Rosaceac, Polyads, Leguminosae (other), Mallotus, etc. Amongst the non- 
arboreals Poaceae is by tar, the most dominantly represented in the spectra, Cheno/Ams
and Cyperaceae are other elements comparatively well represented. Rest of the non- 

arboreals noticed in low values arc Cercalia type, Peperomia, Asteraceae, Brassiaceae, 

Acanthaceac, Polygonum, etc. Ferns (monolete only) are recorded in good numbers. 
Aquatic vegetation is representecd py ow vaies ol Poljgonum plebejum, Liliaceae, Potamo- 

Selon and Typha angustata. 
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These pollen spectra present a totally distorted picture of the surrounding vegetation. 
By the face value of these specira it appears that perhaps the area was an open land with 

Since the Shorea robusia is a entomophilous tree. even a single pollen was not out forest. 

recovered from the sample despite its 70-80°, presence in the forest. 

impact of long transported pollen in the spectra.
could perhaps be due to Saccharum plantation in the area. 

completely fail to depict the forest vegetation. 
Kala Gud-Five moss cushions were collected from near the bridge Kala Gad, 7 km 

from Dehradun town on way to Mussoorie within Shorea robusta forest at an altitude of 
about 2400 feet. Other common plants recorded from the area are Woodfordia floribunda, 

Hamiltonia suaveolen, Cassia, Ficus, Phyllanthus, Alysicarpus rugosus, Eubhorbia royleana, mem- 
bers of Acanthaceac, Ranunculaceae, Asteraceae (Compositae), Chenopodiaceae, Am- 
aranthaccac, Poaceac, Cyperaceae, etc. Luxuriant growth of ferns was noticed within 

There is a great 

Dominance of Poaceae in the spectra 
Thus these pollen spectra 

the forest. 
Pollen spectra depict high values of Pinus roxburghii (55%) in lower three samples 

and decine in the upper two samples in contrast to the values of oaks which show 

an increasc in the upper samples. Other arboreal taxa such as Pinus wallichianu, Ce- 
drus deodara, Picea, Abies, Betula, Alnus, ctc. are sporadic and transported from long dista- 

nces. 

Herbage is dominatcd by Foaccac but their valucs are much higher in upper wo 

samples than the lower three. 
frequencies are Cerealia (2%), Cyperaceae (up to ), Cheno/Ams (up to 10%), Tubuli- 
lorae (up 1o 10%), Liguliflorac (up to 5"), Arntemisia (up to 3%), Xanthium (1%), Justicia 
(1%), Ranunuculaceac (1%), and Polbygomum (1%), aquatic vegetation is representecd by 
low values of Nymphea, Typha tatifolia, T. angustata, Polygoum plebejun, Ferns (nionoletc 

as well as trilete) are abundantly present. 
The pollen spectra fail to depict the occurrence of Shorea robusta forest perhaps duc 

to insect pollinated nature of the tree. Other arboreal taxa too are not recorded from 

Other non-arboreal constituents represented in variable 

the moss cushions. Local vegetation is a partially recorded Pinus roxbrughii and other 

The gymnospermous taxa appear to have been derived through long distance transport. 
values of the Poaceae and other non-arboreal elements are comparatively more in the 
above two spectra (4 & 5) which have been collected from outside the forest. 

Acacia calechu one-Two moss cushions were coilected from subtropical broad-leaved 

lorest at about 2500 feet, where Acacia catechu and Bauhinia retusa are dominant. Other 

common trees growing in the area are Debregeasia, Hamiltonia suaveolens with shrubby 

growth cf Strobilanthes, Woodfordia fruticosa, etc. Ground cover includes members of Acan-

thaceae, Ranunculaceae, Chenopodiaceae, Amaranthaceae, Asteraceae, Poaceae and Cy-
peraceac, etc. Ferns were growing in abundance within the forest. 

Pinus roxburghii are noticed in the surrounding hills at slightly higher altitudes. 
Pollen spectra reveal the highest values of Pinus roxburghii. 

such as Quercus, Pinus wallichiana, Abies are presented in low values. The non-arborral 
vegetation is dominated by Poaceae, followed by Cyperaceae and Cheno/Ams. Tubulifl- 

orae, Liguliflorae and Acanthaccae are reported in sporadic numbers. Fern spores both 
monolete as well as trilete are recovered in maximum values (80%). 

Moss cushions fail to depict Acacia catechu zone as most of the tree genera remain 

unrepresented. However, local grournd vegetation including ferns are more or less fai- 

thfully represented. The pollen of Pinus roxburghii which is by far the most dominant

amongst the tree pollen has obviously been derived from surrounding hills. Similarly 

Scattered trees of 

Other arborcal taxa 
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the pollen of Cedrus, Abies and Quercus are transported from near hills from higher 

altitudes. 
Sahastradhara-It is about 15 km from Dehradun on way from Dehradun to Mus- 

The vegetation in the area is dominated by Sapium insigne, soorie and is a tourist spot. 
Cassia tora, Nyctanthes arbortristis, Sida cordata. Bauhinia retusa, Carissa, Ageratum conyzoides, 
deacia catechu, Murraya koenigii, Colebrookia oppositifolia, Woodfordia fruticosa, Triumfetta rhom- 
bodiea, Coculus laurifolius, Toona ciliata, Phoenix, Ficus, Berberis, Kanthium strumarium, mem- 
bers of Polygonaceae. Acanthaceae, Boraginaceae, Poaceae. Cyperaceae, Chenopodia- 

ceae, Amaranthaceae, etc. 
The pollen spectra reveal high pollen frequency for Pinus roxbughii ranging from 

15-70%, wheras Quercus is lowly represented (up to 7°%, stray occurrence of Pinus walli- 

chiana, Picea, Abies, Cupressus, Fphedra, Betula, Ulmus, Mallotus is also recorded. 
ccous vegetation is represented by Poaceae (up to 30,), Boraginaceae (up to 30%) and 

Cheno Ams (up to 20%). 
5% are yperaceae, Peperomia, Asteraceae, Apiaceac, Brassiaceae, Acanthaceae, Ranun- 

culaceae, Malvaceae, Lamiaceae, Polygonum, ctc. Aquatic vegetation as represented by low 
values of Lemna, Nymphaca, Polamogeton and Typha angustata. Fern spores (triletes) are 

Herba 

Other non-arboreal constituents with values ranging from.5 

abundant. 
The moss cushions fail to reflect the surrounding vegetation of the area. Sahastra-

There is a great influence of pollen coming from long 
However, the local ground vegetation is more or less laithfully re- 

dhra is a Pine and Oak free zone. 

distance transport. 
presented. 

On way from Mussoorie to hampli Falls-Two moss cushions were picked up on way from 
Mussoorie to Kempti Falls at a distance of 5 km cach. First sample is from Oak forest 
mixed with Pyrus pashia and undergrowth of Rubur, Coriaria nepaliensis, Berberis, Boenning- 
housenia (very common). Indigofera, Kanthoxylum alatum, 
Rhamnaceae, Poaceae, Cyperaceae, 
Acanthaceae, etc. The ferns are poor here. 

Second Moss cushion on the other hand is picked up from Oak zone on northern 
aspect on limestone formation. The undergrowth is of Hypericum, Rosa, Arlemisia, Eriopho- 
rum, Wendlandia, Anaphaiis, Coriaria nepalensis, Pyrus pashia, etc. 
less the same as mentioned above. Ferns, however, are abundantly present. 

Pollen spectra show the dominance of Pinus roxburghii and co-dominance of Quercus. Values of Quercus is much more in the second sample in comparison to previous one. 
Other arboreal genera such as Pinus wallichiana, Picea, Abies, Betula, Alnus, Juglans, Fa- 
baceae. LeguminOsae are present sporadically. Non-arboreal vegetation on the whole is 
poorly represented. Poaceae attains 15% and 10%respectively. Other non-arboreal 
taxa such as Cyperaceae, Cheno/Ams, Asteraceae, Acanthaceae, Ranunculaccae, Poly-
gonura are present sporadically. Ferns spores (Trilete) 
but in one sample only. 

The pollen spectra faithfully reflect the closed nature of the forest with the overall 
dominance of arboreal vegetation over the non-arboreal. The high values of oaks are 

indicative of dominance of oaks in the forest but the Pinus roxburghii remains to be over 

members of Ranunculaceae, 

Amaranthaceae, Asteraceae, Chenopodiaceae. 

Ground cover is more or 

are recovered in good number 

The values of other tree elements are either distorted or remain unrepre- represented. 

sen ted. Fern spores have also depicted about their occurrence in the area. 

Kampti Falls-Six moss cushions were collected from the Kampti Falls situated at an 
altitude of about 4000 feet. It is about 20 km from Mussoorie. 

around are Gerardiana heterophylla, Debregeasta, Krus, Machilus, Lilsea, Cedrela toona, Salix, 
The common plants 
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Hamiltonia suaveolens, Rubus, Colebrookia obpositifolia, Berberis, Strobilanthes, Artemisia, Xanthium 
strumorium. Thymus. Other members are of Lamiaceae, Asteraceae, Rosaceae, Polygon- 

aceae, Poaccae, Cyperaceae, Chenopodiaceae, Amaranthaceae, etc. 
roxburghii occur within a distance of abouta kilometer from the site of collection in the 
surrounding hills. Cedrus too is planted at a higher elevations. 

the whole is almost negligible. 
altitudes and most of them were found in lopped condition. 

The pollen spectra reveal the dominance of Pinus roxburghii followed by Quercus and 
Cedrus-Abies is recovered in low but consistent values. Other arboreal taxa such as Pinus 

Plantations of. Pinus 

Coniferous vegetation on 
QucTCuS incana trees are noticed in patches at a higher 

wallichiana, Betula, Alnus, Corylus, Ilex, Acer, Myrtaceae, Leguminosae, Viburnum, etc. are 

reported in sporadic values. 

Poaceae, low values of Cerealia type, Cheno Ams. Cyperaceae, Asteraceae, Acanthaceae, 

Boraginaccac, Polygonaccac. 
Nymphaea, Typha angustata and Polygonum plebejeum. Fern spores both monolete as well 
as trilete are recorded in variable frequencies. 

These moss cushions, though did not depict the plants growing around have, how- 

ever faithfully bring out the ncarby occurrence of Pinus roxbuwghii, Cedrus and Quercus. 

Local ground vegectation is more or less faithfully represented. 

Kalsi-This is an archacological site, about 35 km from Dehrarlun on way to Chak 
rata. Most of the arca is barren and under paddy ancl sugarcane cultivation. Ground 
vegetation is mainly comprised of grasses, members of Asteraccac, Leguminosae, Lami 

aceac, Euphorbiaceac, etc. This site was excavated during 1952-1954. Out of the 
four Ashwamedh Yagyas performed by Sheel Burman in 3 century A. D., remains of 

three have been recovered from this site. 

Non-arboreal vegetation is represented by high values of 

Aquatic vegetation is represented by stray occurrence of 

The pollen analysis of two moss cushions collected from this sit reveal tremen- 

dously high values of Poaceae. 
values in one of the samples. 
15%), Picea and Abies (3°% each), Ephedra (5%), Betula (2%), Alnus (3%), Moraceac 
(.5%), Rhododendron (.5 ,) and Polyad (.5%), Herbage, apart from Poaccae is recorded 
by Cheno!Ams (7 %), Asteraceae (5°), Cerealia (5%), Cyperaceae (3%), Peperomia (5%%), 
Caryophyllaceae (.5%), Brassicaceae (1°%), Ranunculaceae (1%), aquatic vegetation 
remains unrepresented. Ferns too are poorly recorded. 

The spectra faithfully bring out the deforested nature of the area depicting overall dominance of grasses. 
This together with some other taxa in all probability have been transported from a long distance as these taxa do not grow anywhere in the surroundings. Un way from Kalsi-Chakrata-Three moss cushions were collected from on way from Kalsi to Sahiya at a distance of about 2 km each. First sample was picked up from the Nalla flowing at the road side just at the entrance of the forest. by Eucalyptus plantations and free of Pinus. Second sample was collected near the Nikast and Check Chawki, Kalsi, surrounded by Mangifera and Salmalia trees. The third one was picked up about 4 km from Kalsi Rest House on way to Chakrata. The vegetation here is almost the same except for absence of Eucalyptus. Tectona grandis plantation is common. This area is again a Pinus roxburghii free zone. Ground vegetation is domina- ted by grasses, sedges, members of Acanthaceae. Asteraceae, Polygonaceae, Brassicaceae, etc. Mountains here are not as rich in vegetation as the ones at Mussoorie. The pollen spectra reveal the dominance of Pinus roxburghii amongst the arboreals. Ouercus is very p0orly represented.Scattered occurrence of Cedrus, Picea, Abies, Ephedra, 

Pimus roxbughii and Quercus are recovered in fairly high 
Other arboreal constituents represcnted are Cedrus (up to 

Pine is over represented and Cedrus and Picea behave abnormally. 

The site is surrounded 
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Pollen spectra show the dominance of Pinus roxburghii and co-dominance of Quercus 

and Cedrus. Other arboreal taxa such as Picea, Abies, Betula Anus, Leguminosae, Polyad 
are recorded in very low values. Non-arboreal vegetation is very poorly represented by 

Poaceae (10%), Cerealia (.5°%), Cyperaceae (0.5%), Cheno/Ams (0.5%), Asteraceae 
(0.5-2%), Impatiens (1°%). Ranunculaceae (1°%), Justca (0.2%), Brassicaceae (0.5%), 

and Impatiens. 

(0.5%). 
Aquatics are very poorly recorded by Lemna (T%) and Potamogeton 

While pollen spectra do reflect the closed nature of the fores1 but Pinus roxburghit 

again is over represented whereas oak-deodar are comparatively poorly represented. 

The pine pollen has evidently been derived from the lower slopes by upthermic winds 

as 1ts frequencies do not match with rather sparse occurrence of this in oak-deodar 

forest. 
On way from Chakrata to Devban-Four moss cushions were collected from on wav 

from Chakrata to Devban at an interval of 2-3 km each. First two samples were picked 

up from deforested areas about 6 km from Devban, whereas third just at the beginning 

of the forest about 2 km from Devban and the last near the Devban. In the deforested 

area vegetation was mainly comprised ol Asteraceae, Labiatae, Ranunculaceae, etc. Co- 

The forested toneaster microphylla was very dominant and was forming a beautiful carpet. 

region was mainly dominated by Picea, Abies and Quercus semecarpifolia. Pines are rare. 

Pollen spectra (forested as well as unforested region) are dominated by high values 

of Pinus roxburghii followed by Quercus, Picea and Abies. Pinus wallichiana, Betula, Alnus, Car- 
pinus, Corylus, Juglans, Aesculus, Moraccac, Polyad etc. are recorded in very low frequen- 

Value of Poaceae is betwcen 10-20% except Herbage is poorly represented. 
for one sample in which exceptionally high values (63%) have been recorded and of Che- 

no/Ams up to 7%. 
Plantago, Peperomia, members of Asteraceae, Apiaceae, Brassicaceae, Ranunculaceae, Pri- 
mulaceae, Boraginaceae, Lamiaceae and Impatiens are sporadically represented. 

Aquatic vegetation is almost negligible except for stray occurrence of Typha angustala. 

Cies. 

Other non-arboreal constituents such as Cereali2 tyfpe, Cyperaceac, 

Fern spores are moderately encountered. 

Pollen spectra faithfully bring out the forested nature of the area, 

distorted picture of the unforested region as there was no difference in the constituents

recovered in the samples from deforested as well as forested regions. 

continues to be over represented both in forested as well as unforested regions. 

larly other trees too falls to differentiate between forested and unforested areas and thus 

depicting a false picture of the surrounding vegetation. 

Devban-Three moss cushions were collected from Devban-two from two sides of 
the Rest House and the third a few yards away from the Rest House within the forest. 

It is situated at an altitude of 9,230 feet. The forest is mainly comprised of Picea, Quercus 
semecarpifolia and Abies. 

Rhamnus purpureus, Piplanthus nepalensis, Symplocus, Lonicera, Viburnum, Berberis, Strobilanthes, 
Asparagus, etc. 

Acanthaceae, Asteraceae, grasses, sedges, Chenopodiaceae, Amaranthaceae etc. Pinus 
wallichiana is rare whereas Pinus roxburgh1 is common in the lower slopes. 

The pollen spectra for the first time reveal the dominance of Quercus and co-domi- 
nance of Pinus roxburghi. Picea and Abies are comparatively poorly recovered. Other ar 

boreal constituents recorded in low îrequencies are Alnus (up to 59%), Betula (0.5%), Mal- 

lotus (0.5%), Corylus (0.5%) Juglans (0.5%), Capinus (0.5°%), Moraceae (1%), Rosa- 
ceae (0.5%), Leguminosae (0.59%) etc. Non-arboreal vegetation is on the whole very 

but give entirely 

Pinus roxburghii 

Simi- 

Other common plants in the area are Taxus, Acer, Salix, lex, 

Ground cover is poor and is represented by members of Ranunculaceae, 
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poorly represented. Poaceae attains the values up to 6%, Cheno/Ams up to 4% and 

Peperomia 4%. Rest of non-arboreals are poorly represented and their values varies 0.5- 

2% (Cerealia type, Cyperaceae, Asteraceae, Brassicaceae, Ranunculaceae). 
Vegetation is represented by the pollen each of Typha angustata and T. latifolia. 

Ferns too are poorly recorded in these spectra. 
Moss cushions faithfully depict the forested nature of the area and frequencies of 

oaks are truly represented. Abies and Picea are, however, under 

nature of forest is testified by overall low values of non-arboreals. 

Aquatic 

presented. The closed 

Discussion and conclusion 
The study of a set of 43 surface samples (moss cushions as well as soil samples) 

collected from various communities and at various elevations ranging from about 700- 

7200 m depict that 
(1) Shorea robusta-a very important constituent of Sal forest at Golatappar and 

Kala Gad remains unrepresented in the pollen spectra. No precise data is so far availa- 

ble about its nature of pollen production and nature of pollination, hence the reason of 

its total absence in the spectra remains unexplained. 

tappar and Kala Gad depict totally distorted picture of the surrounding vegetation. 

(2) Pollen spectra constructed from Acacia catechu zone again do not correspond with 

the surrounding vegetation except for ground cover which is more or less faithfully re- 

Thus the pollen spectra from Gola- 

Chir-pine alongwith deodar, fir, oak, etc. are transported from surrounding presented. 
hills. 

(3) The moss cushions studied from Sahastradhara do not match with the surroun- 

ding vegetation. It is a oak and pine free zone, but pine is the most dominant component 

encountered in the pollen spectra-obviously transported from long distances. Neverthe- 

less ground vegetation is more or less depicting the surrounding vegetation. 
(4) Pollen spectra constructed on way from Mussoorie to Kampti Falls depict 

overall dominance of arboreals over non-arboreals, thus truly representing the closed 

nature of the forest. Chir-pine, however, remains to be over represented. 

(5) The vegetation of Kampti Falls is not represented in the pollen spectra, but 
however, reveals the nearby occurrence of oak and pine. Herbage is more or less fath-

fully represented. 
(6) The pollen spectra from Kalsi, a deforested area, reflect open conditions by 

an overall dominance of non-arboreals over arboreals. Some of the taxa such as deodar, 
oak, etc. have, however, been transported from long distances. 

(7) The moss cushions analysed from on way from Kalsi to Chakrata depict to some 
extent the surrounding vegetation. 

tus, Salmalia, etc. are either totally absent or under represented. Pinus as usual are over 

represented. Pollen spectra constructed from Sahiya to Chakrata, however, faithfully 
bring out composition of conifer mixed-oak forest. 

(8) Pollen spectra constructed from Chakrata reflect the closed nature of the 

forest but Chir-pine remains to be over represented, whereas oak-deodar are compara- 

tively poorly recovered. Chir-pine pollen has evidently been derived from the lower 
slopes by upthermic winds as its Irequencies do not match with its sparse occurrence in 

Insect pollinated species such as Mangifera, Eucalyp- 

oak-deodar forest. 
(9) Pollen spectra of the moss cusniorns, collected on way from Chakrata to Devban. 

truly depict closed forest as arboreal laxa are Overall much higher than non-arboreals. 

However. the samples analysed rom delores ted give entirely distorted picture of 
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deforested region. There is hardly any marked diflerence in the pollen spectra cons- 

tructed from desorested as well as lorcsted regions owing to the nearness of torests. 

Chir-pine continues to be over-represcnted. 
(10) The dominance of oak was observed lor the first time in the pollcn spectra cons- 

tructed from Devban. Pollen spectra more or lcss laithfully rcprescnt the closed forest. 

Picea and Abies are, however, under represcnted. Herbage is very poorly noticed as the 

area is thickly populated with dense forest. 
Thus in Garhwal Himalaya lor the anomalous representation of Chir-pine and total 

abscnce of Sal forest and Acacia catechu tormation in general the pollen spcctra do corres- 

pond with the surrounding vegetation. One of the deforested areas was also wuly re 
tiected in the spectra. 
floristic conmposi tion perhaps owing to insect pollinated nature of most of the taxa growing 
in the respective areas high pollen production to long distances, transport by many taxa 
as a resul of that they are either unrepresented or under represented or even over repre- 
sented. Hence it is suggested that great caution should be used in correlation and inter- 
pretation o.' fosil pollen diagrams on the basis of modern pollen rain studics. 

However, there are a few spectra which deviate from the actua! 
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