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STUDIES OF POLLEN CONTENT OF MOSS CUSHIONS IN RELATION TO 
FOREST COMPOSITION IN THE KASHMIR VALLEY 
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ABSTRACT 

- . · h · t tr at.ion of several species and the biotic High concentration of Pmc pollen m the atmosp ere. msec po m h h 
· hm ' V If 't' tc the pollen spectra so t at t e compo-

pressure on ground vegetation obtained m the Kas ir a ey vi ia f ti . • d 
r h d · ses the effect o up · 1cnrnc wm s sition of the forest is not adeq uately reflected by them. The paper ,urt er tScus . di b d ' 

· · · · h JI tr AP/NAP ratJO can har y e use as a dtSeascs and contammat1on from older sedim ents on t c po en spec a. . . 
· I p · e ollcn which occurs m high con rc ntra -measurc for the correct position of the fores t cover. n contrast to m P . . . 

tions all over the Valley, high co11 cen1ra1ions of Crdrus poll en nrc rcs tric1cd lo the Dcocbr fores t o r 115 ncig h-

b :mrhood. 

INTRO DUCT IO~ 

The palynological investigation of moss cushions and surface samp~es in relation to forest 
composition done in the Kashmir Valley earlier (SINGH, 1963; VJSI-INo-M1TTRE and SHAR~:rA, 
1966 and VrsHNU-MITTRE, 1966) has been extended further to such parts of the va lley which 
have not been studied so far. The moss cushions have been picked up from the Deodar forest 
in the Lolab valley, from the conifer mixed broad-leaved forest at KuJan, from within the 
Blue Pine forest at Chotipura half way between Shupian and Sedau, and from close to the 
Thajwas glacier. In order to assess the problem of the inference of forest composition from 
the pollen content of surface samples and moss cushions in lhe Valley, we have also drawn 
upon the observations published earlier. 

In attempting correlation between the composition of the forest and the pollen spectra, 
we have considered the effect of local NAP over pollen content, the differentlial pollen pre­
servation, the comparison of pollen content of moss cushions and surface samples, the effect 
of thermic and other winds on the transport of pollen, the effect of plant diseaes, the con­
tamination of pollen content through older sediments and finally the NAP/AP ratio as a 
measure for the forest cover. 

The important aspects of the geography and the botany of the Kashmir Valley have been 
discussed earlier by SINGH (1963) and VrsHNU-MITTRE (1966). Text-fig. I shows the distri­
bution of forest types in the Jammu and Kashmir State. The two wind-roses in the figure 
show the trend of the wind currents which largely enter through the east and the west into 
this boat-shaped valley, bounded by lofty hill ranges all along the north and south. Wind 
also enters the valley through passes in the high hill ranges. Text-figure I also shows modern 
distribution of Qpercus and AlmtS in the Jammu and Kashmir State. Of these Alnus is absent 
from the valley proper but the occurrence of Quercus, also long held to be absent from the 
vall~y, _has been ~roved by the discovery of stands of two indigenous species viz., Q. seme­
carpifolza ~nd _Q. d~latata (Vrs~l'-1-u-_MITTRE, 1963). These have not been shown in the map, 
since their lustoncal status 1s still unknown. Exotic oaks have however been recently in-
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'd f the rormer occurrence of both Alnus and · . u I 966) The ev1 ence o 14 

traduced (VmrnU-MI17'RE, : _ d throu h . ollen analyses (SINGH, 1963,; V m-rnu-
Qurrms in the valley has been discovei e ~ p 

S 1966· VISHNU-MITTRE 1966). 
l\,frrrR'E and HARMA , , . ' • lly before the southeast monsoon 

• ti alley arise sem1-annua , 
Scwt-e dust storms m 

1
e v . . ._ II beginning in April and lasting . . l 1 r. II b fi ·e the wmter rams, usua y 

durmg the sprmg anc ear Y ,a e 
01 

· . 
1 

t of silt from the top soil is 
. B 'd ti - llen grams, a arge amoun 

until tJ1c end of May. esi es 
1
e po 

I 
th lley proper the diurnal winds pick 

• • d d . d 'ted by these storms. n e ya . 
d1ssem111ate an ie eposi d t 1 far north into the mountams. It 
up top soil from alluvial deposits and terraces anh' rave f w1'nd operated more strongly 

. d p 1938) that t 1s aO'ency o 
is beli eved (DE TERRA an ATERSONb . I f ·ent r:ined sites in thick deposits of loessic 
in the past as evidenced by 

th
e deep una 

O 
;~c• d local air currents must have 

soil such as the Neolithic site at Burzahom. e st~rms an . t 

influenced considerably the dissemination of pollen m the valley m dt~le pasK.OH .r c-

. · I b k "th 10°1 1 ute ,or a ,ew The moss cushions were boiled m pyrex g ass ea er WI 10 h h . 

minutes. Thereafter the mixture was sieved . The solution was _passed _throug. t e_ str~mer, 

centrifuged and washed free of the alkali. After d~hydration with glac1al_acetic acid, it was 

acetolysed. Slides were prepared in 50% Glycerme. Pollen sum compnses AP only. 

POLLEN ANALYSIS OF MOSS CUSIDONS 

Moss cushions from Kulan in the vicinity of Sonamarg 

Kulan about 2665 m. is half way between Gund and Sonamarg in the Sind Valley. 

Vegetation in the vicinity between Gund and Sonamarg is not only interesting but also 

unusual. Below Gund, the broad-leaved forest comprising Elm, Walnut, Horse Chestnut, 

Ash, etc. forms the lowermost belt. It is succeeded by a conifer belt on the top. But, beyond 

Gund, the broad-leaved forest is seen ascending higher even approaching the peaks of moun­

tains thus invading into the conifer belt. The disturbed coni(er belt is variously affected and 

is distributed haphazardly. In such situations the broad-leaved forest is found occurring in 

depressions between the folds of the mountains through which it ascends to the peaks while 

the conifers, mostly Blue Pine (Pinus wallichiana), occupy the ridgt;s. In normal zonation of 

vegetation in the Himalaya, Acer and Birch usually ascend to the higher peaks and Acer, 
here, is also very frequent. 

At Kulan, a distinct Blue Pine-Birch mixed community is seen along the left bank of the 

river Sind with both Spruce and Fir and some members of the broad-leaved community 

like VValnut, Fraxinus, Acer and Elm. The Alpine Birch (Betula utilis) here descends to the 

lowest level in the entire Kashmir Valley. Opposite this forested face of the hill and bordering 

the road and the right bank of the river, the mountains are largely bare bearing some trees 

of Bl ue Pinc and scattered herbs and shrubs. A moss cushion was picked up from an exposed 
boulder in a pool at the foot of this bare hill. 

In this community Pinus wallichia11a form s about 50 to 60 % of the fores t a nd F ir is the 

next a bundant con ifer . l>icea is rare and so is Cedrus. Ilirch is compa rati vely n,orc than the o ther 
broad-lea ved trees and Acer is nex t in abunda nce. 

. Pol!en spec tnm (1~:xt-fig. 2)_ revea ls predomina n t Blue Pine community with 91.4% 
P'.nus. f Jr t~e next dom111 ant coJJJfcr has 011Jy 2% pollcu. Cedrus is I .'.i% a nd Picea is ra re. 

Birch, dominant among the broad-leaved constituents, is represen ted by a bo ut J % pollen 

whereas the others arc under I%- Acer a significant number of the vegetation is o. 7% . T he 

non-arboreals are under 0.4%. Polypodium and spores of mosses (of local orig in) arc upto 1.3%. 

Ceopl~ytology , l · (I) 
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POLLf.N SPECTRUM FROM KULI\M CLOS£ TO SONMAMARG 
MO SS CU SH ION 
(KASHMIR IQC.CI) 

--- ---------- --.... 
Q. 

:r: t 
i 
~ ..., 

< .,, 
l: 

.., l: .., .., 
< < LJ a:: .,, :, .... I .,. "' ::r rt: 
.., 

< 0 ~ 0 ~ 0 :, 
:, z :, V .... l) 2 

... 0 
... .,, z z ::;. < z _, ~ < .,, 

a:: < < a:: < < .... 0 .,, :, .a:: < ::r 0 
0 .... _, a:: >< ~ J: w ... u ... 

~ l: l) :, t z ... z "' u ... < _, 0 a:: ~ ► .., m ~ < <( .... ... ..., 0 ..., :::, V a:: < ► a:: .., a:: _, 
u ... < :> ~ < 

.., ..., :r: 0 ... .,. > ... u \) u ... < V ::. a. ::r 

Pollen spectrum from Kulan. 

The pollen spectrum fails to depict the exact composition of the community althouO'h it 

indicates a dense Blue Pine forest with traces of broad-leaved and non-arboreal constitu;nts. 

This may largely be due to high pollen production of Pine and low pollen production of Fir 
and insect-pollination of Acer. 

Traces of cereal pollen in this spectrum are in accord with agriculture being practised 
in the vicinity. The occurrence of ( 1.98%) colonies of Pediastrum in the pollen content suggests 
that the Moss Cushion bearing boulder in the pool must have been submerged sometime. 

Moss Cushion from the Valley of Thajwas Glacier 

This Moss cushion was collected from one of the boulders in the glacial moraines, pro­
bably belonging to the Vth or Vlth Glaciation in the valley of Thajwas Glacier. The tops of 
the mountains in this valley are mostly snow-bound. The vegetation on the north-east face 
consis ts of broad-leaved forest comprising Acer caecium, Prumts cornuta and Betula utilis. Fir, 
Birch and Acer are in abundance and Birch along with Acer ascends to the snow line. On the 
south-west aspect of the hills, more or less similar vegetation is seen but the blanks are colo­
nised by Pinus wallichiana. Sambucus ebulus and Lonicera are the most prominent shrubs. The 
tree line at high peaks is colonised by Salix tetrasperma and Juuiperus recurva with rarely occurr-

ing Rhododendron. 
Pollen spectrum (Text-fig. 3) brings out about 60% Blue Pine and extrcrnd y low frt­

quencies of Fir (1.44%) and Spruce (1.3 %), Cedrus is extremely rare. Birch is 16.5 1
;~ . , ta r 

11 .1 % and Juglans 5.83/o. Rltus, Aesculus, Fraxirms a~d Ulmw: are very poorly rcpn·se11~t·d and 
so is Salix which forms an imporlant conslitucu f oJ vege tat 10nal belt bl'lwn·11 snow ltuc a nd 

Birch. Corylus is 1 ¾• Compositac a re 2% and l'o_lypodiaccae _l. 50% aud the rest ar_c unde1· 

l %- Comparatively more open con<lilions obtamcd al the site and the presc11cc ot a large 

meadow in the valley are not reflected in the pollen spcctru111. 
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POLLEN SPECTRUM FROM A MOSS CUSHION COLLECTE D FROM MORAINES CLOSE TO THAJWAS GLACIER 
(KA5HMIR IQOO) 
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Text-Fig. 3, Pollen spectrum from Thajwas glacier. 

The occurrence of traces (0.18%) of Alnus pollen in the spectrum is obviously due to long distance transport either from the Kishenganga valley towards the west or from valleys towards the south-east of this region as shown in Text-fig. 1. Pollen of Cedrus, Juglans, Rhus, Aesculus Fraxinus and Ulmus have been transported by the thermic winds from lower altitudes. ' ' 
Moss Cushion from Chotipura 

Chotipura is on the way to Sedau and Shupiyan. The moss cushion was collected from within a dense stand of Blue-pine forest . Sambucus ebulus and Stipa sibirica were the pro­minent shrubs and herbs growing in the forest. The region around the Blue pine stand was under extensive maize crop at the time of our visit. Besides orchards of Apples and Pear Juglans is frequently planted. Not far from the site, a swamp was seen colonised by Sparganium. The hillocks surrounding the plateaux on the north and south bear Pine forest. There is no broad-leaved forest around but for occasional trees of Acer, Rhus and Aesculus. Salix is planted. On the whole, the area under cultivation far exceeds the area under forest. Pollen spectrum (Text-fig. 4) shows Blue-Pine over 80% and Picea 1.48%. Abies is extremely rare. Juglans although under 10% dominates over the other broad-leaved cons­ti tuents. Salix is 2.9% and both Acer and Fraxinus 2,5% each. Pollen of Rosaceae is 1.86% and may be a ttributed to the planted trees in the orchards. Chenopod- Amarnath type is represented by 1.52%. 
On the whole, the Pollen Spectrum does refl ec t a dense Pine stand and the hio·h values of Juglans indicate planta tion of Walnu t. Pollen of Birch, absent in the vicini ty, }ms been transported from _h_igher att~tudes not very fa r from this site. T he pollen spec trum docs not reflect open cond1llons obtamed here pherhaps i t is due to the sample being from within the forest. Th~ open a reas comprise cultiva ted fiel ds and the weeds arc rnostly insect -pollinated. The grammaceo us weeds are under }wavy pressure of grazing. Despite wide cul tiva tiou, no cereal pollc~ has bee1_1 c.ncountcred. Orchards of Apple and Pear arc under-represented, because their pollen 1s mscct-polli11a tcd. 
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Text-Fig. -!-. Pollen spectrum from Chotipura . 

. \,Joss Cushions jiom Chandigam 

The Lolab valley in the norLh-west of the Kashmir Province is famous for the oldest 

and dense Deodar (Cedrus deodara) foresls. Deodar is almost absent on the Pir Panjal except 

at Yarwan close to Chahar Sherif where a sizeable pa Leh ofDeodar occurs on shales and hard 

rocks. The Deodar forest in the Lolab valley has been Lhe least disturbed even during the 

prehistorical periods, since no evidence to that effect has been found here so far. Moss cushions 

were collected from Forest Compartment no. 22S, from Lhe base of the hill to about 360 m. 

at an interval of about 30 to 50 m., in order to see how far the composition of the pollen 

spectra reflects the composition of the forest. The pollen spectra are collectively shown in 

Text-fig. 5. 
Moss Cushion I was collected at the fringe of the forest from an Ash tree from within an 

Ai,h community at the slope of this hill. The composition of the forest is given below: 

Deodar 70-80% 

Blud Pinc 10% 

Ash, Juglaris and Acer . . 4.5% each 
upto 2% 
0.:>o/u 

Aesculus 

Cc/tis 
The undergrowth cousists cl aLu11da11l Vibumum, l'anolio/11i1 and Culo11tcl.llt1 nnd lht' 

ground vegetation compri!iCS gra~s, co111po.;ites, ,lrtm1iria1 111cmhn~ of L.1hi.1t,1t•, Lili,,c<'ae 

and mosses. , , , I I · In the ollcn spcclrum CedruJ ifi G5.7% und l'111ur h,(j<;u t 111s 1d ect111g mme 01 le!» their 
p •t' n in the forc~l although slightly umkr-repn•st·nted . • J,,r and Fr,n:i11w arc 

exact compos1 10 · , • 

d t d \
,vhcrcas Aesculus an<l Celtii arc c>Vc1-l'cprc8cnlrd. Rims, absent m commwuty 

un er-reprcsen e • · I 11 · th 

h
. 

1 1 
•. 2 60¼ in the pollen l!JJcctrum. l'arrol1opm 1as roug 1 y twice c percentage of 

at t 1s eve , 1s . o H 1. ,,..,, 
1 

h h v,·bunium is dominan tin the shrub layer. c:ru~ aae very poorly represented 
r& urnum at oug 
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' 
1 1. , y J.1Jtnngs1 tl1cn1 a l I lul l1JWC<l by C:lll'.Jll ,po<l-

d 
.1 ·/ • • •> ,1r;,, ) Ins t l\l' h1g H.:s L rcqucm, an n1 0111sw \,1.~ ... n • • 

.\m:wnath t)pc ,lllcl Ccur1pos1l,\C'. . !tn tree about 60 m. above Mo;s Cush10n 
:\In:-.s Cushion 2 ".is colkcLcd from a n , lrJCu [.C d · hich is undergoing considerable 

• · ,., ·cd frequency o tJ ,us w l h Xo I \t thi, sit<.' there 1s .in mcieas . ·e comparaLively less 1ere t an 
. . . . Blue Pinc and the broad-leaved consutuenls ai 

regcnerauon. 
at the prc,ious site . . . led by the composition of the 

l 1 L the same p1cturc as I cvea 
Polkn spectrum s 1ows a mos ' . . h Ii· encies of Blue Pine and the 

. Tl ., ·. >rall reducllon mt c iequ 
forest de~cnbed abo\l:.,. ic1 e is an ave . •· l hi hesl pollen frequency amongst the 
bro..id-lcaYed constituents although AcsculllJ ha_, t 1 e g 

d 
· He •Ir are extremely rare. broad-leave consutuents. 1 :s ' , • , • • • the bole of a D eodar tree 

~foss Cushion 3 - This sample comprising lichens g1 owmg on . h b " 11· N 2 Th plant community ere may e 
,,·:.i, collccled about 30 m. above ~Ios~ Cm ion . o. : e f Aesculus. Cedrus trees 
described as Ccdrus deodara-Parrotiopszs community w1th few trees o A . . L 
ar~ widely-spaced and the spaces between them are inhabited by plants of rtemz

5
ia, a-

bi:nae Scropbulariaceae and grasses. . 
P~llen specn·um does not adequately reflect the composition of the commu~ity. 

Parrotiopsis, an important member of the community, is extremely under-represented ~hiefly 
because the species is insect-pollinated but the higher values of Aesculus, another msect-

poll.inated species, are unexplainable. . 
1foss Cushion 4 was collected from an Aesculus tree about 60 m. above the previous 

sample. The frequency of Cedrus at this site has increased further, and there is an increase 
in Parrotiopsis, \Valnut, Ash and Aesculus. Spaces between the trees are colonised by numerous 
herbaceous elements of which Artemisia is more common. 

Pollen spectrum shows dominance of Deodar although its values are comparatively 
reduced. Fra rinus, Aesculus, Parrotiopsis increased and Juglans fluctuates high over its values 
in the previous samples. There is increase in the pollen of Artemisia, Liliaceae and Rosaceae 
which were comparatively less represented in the previous pollen spectrum. 

I\.,foss Cushion .5 was collected about 60 m. above the iVIoss Cushion No.4. Here Deodar 
has much increased concentration with some trees of Blue Pine. Broad-leaved trees and shrubs 
are extremely rare and Parroliopsis is a dominant shrub. 

Pollen s~ect~um brings out an almost factual picture of the composition of the forest 
but for Parrotzopszs whose values are reduced further perhaps its pollen production is affected 
being in a closed forest. 

Nfo<;s Cmhion 6 was collected about 60 m. above the previous one from a pure Deodar 
forest. Pollen spectrum shows 94.5% of Dcodar wiLh little of Bl p· J l · . l 90 1 

o · · (J 
601 

d h 
1 

. ue 1ne. ug ans 1s ,_ 0 , 
rarrotwjms . 10 an t c po leu of Birch extremely rare it Ll · · fu ·t1 
h 

. . . , - t 1e community, 1s ·st met w1 1 
ere. Pollen of Artemrna has increased to 3.6%. 

!\-fo-~ Cmhion 7 wa~ collected about 60 m. above Nioss c I · N 6 D d · d · · } , ,... . · US 11011 0. . eo .11' lS 0-
mman t wll ta 1cw trtt:s of .11cer and Celtzs. Parrotio'J1is an J 1 t · · 

P 11 
,-- c • r cmzsw arc also prcscn t 

o en r;pcctrwn 'ihow:, domina11,c of' Deodar altl l · , , · • 
d 

·d f' I, . ' wug 1 tts v,dues are com1Jar .. \t1\·dv 
re uce rorn l 1at of t~w pr,•v11,u11 s-un1Jlc 1J t · · l /' · · , ~ · ' • r t'mr11a :till arrotwi,51\· sho } · I l d 
same ii, the case wi I ft Cr/ti I aud 1, 0 ,.. 01 1. . . . . ,, · · w ug 1er va ue-; an 

, , , , 1 t:r. ·' lo '' Bu, It pulle11 1s a(1-,o prl''iCllt 
I he abov,; c;e1 H''i of ,\f,J'>ii C11'ili1·,,, 1, . <I< I I · . ·> , ICIWl'V(·t· ll'IIIIJ t t • 1 

minant Dcodar ,·oullisuuity I ut ti •. , . ' . : n ou 1 1c occu1Tc1u-e ol µrec o-
J J<. 1 cpt ci;eutat11111 o( olh •r , · · f 

the broad-leaved gcllcra is vafrtl 1, .
11

. 
1 

. l tonstllut•nts cspcc1.dly th.\t o 
' J < WI llll I 1c sa111c forc,t /' 1 · · l 

important rnnslitucnts being iu 't' ·t II" . • I • · arro wpJ1.1 und certain ot ll'l' 

'I
'h' . s <. -po 111,ttu arc poorly repn:l)ente-d 

JS may be attnbutc<l 1Jartly t d'fl'·.. . l . l' ) ll l 1 1 t II t l,l pollt·u preserv·:i.t' ' · I 
1c 1ens. Surprisingly Ae.sculus and CeltiJ t, <l • , . ' 1011 m moss cushion~ .u1l 

en Lo be slightly over-represented while within till' 
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r R, d S [' re from outside the community. 
f orcst lhan Acrr and Fraxi1111s. Pollen ° "ms an a ix a . . h I d 

, f Jlen of Birch m L e Lop samp cs an 
Two instances of interc,5t noted arc the occun ence O po 

I 
f 1 1 • . 

· · · l db tt m samples Bot 1 arc o oca ongin. the high, alues of Arlt1111sta recorded 1n t 1e top an o O · 

First Birch tree i:- noted higher up in the transact. . 
1 

The under-rcprc.c;cntation of Blue Pine is due to the da~age. being caused by Fames 
· · · · I I · 'te resulting m the death of several nnd Arcrulhobmm ,mnutixsmmm, a orant 1aceous paras1 , . . 

· I ·er arc bei·ng i·cpl .... ced bv Deodar The minor fluctuallons m rhe frequency of pme trees w 11 1 « • • . . 

Drod.ir pollen ma) be due to the pollen from the broad-lea~ed elements w~~~h occur ~n the 

dcpre.,:.-wns irre,pective of the altitude. Pr111ws is present and 1Ls ~-~re pollen 1s _incl ud ed m the 

small percentage of Ro~accae pollen. The ground flora_compnsmg_ Compos1ta_e, Polyg_onum, 
ribumum, RiimC\. Cannabi.1· saliva, Crtica dioica, Umbell1fers, Polr:nfllla, Fragarza, species of 

Ranunmlus. Pla11/af:O. Q,\ ali.1, elc. , is very poorly represented by pollen. Some of the a bove 

are insect-pollina;ed, but the others probably produce less pollen owing to their existence 

within the forest. 
The moss cushioru in the dense, tall, Deodar forest at Chandigam are all collected from a 

heiuht ramrinu from 3m- 36Om from the ground. Poor representation of pollen of herbs mav 
~ t) C, ... ,, 

be due to their pollination by insects as well as due to low pollen production. Absence of grass 

pollen in the pollen spectra should be attributed to the latter cause. There are indications of 

vertical and lateral transport of pollen of local trees within the forest through the wind 

currents acriye at a height of 3m-36Om from which the moss cushions have been collected. 

Further e.'i:perimentation is however necessary to establish if the abundance of Deodar pollen 

is derived from vertical fall of pollen of local trees or the wind cmT~n ts from the surrounding 

hills bearing Deodar forest are laden with pollen of Deodar and of other h·ees. , Vi thin the 

altitude of 360 m. above the base of the hill, the Deodar in the forest shows a gradual increase 

in its frequency till it becomes pre-dominant towards the top. Pollen percentage of Cedrus 
upto 120 m. above the base of the forest remains more or less the same (samples 1-3: 35. 70; 

~6.9_%, 8~
0

,0) ._~t declines a~ 180 m,- (sample 4:78.5%), but rises between 240-300 m. (sampl~~: 

.:>, 6.93.5 1/o, 9.) ~) and agam decline; at 360 m. (sample 7:88%). Vertical fall of pollen does 

not seem to explain this. At the same time it cannot be excluded. A large part of this pollen 

may be due to transport of pollen from the surrounding hills bearing Deodar forest. 

DISCUSSTOX 

Including Lhose described here there are in alI fourteen recent poll (T 
fi G) 1 h r ]] • r . . en spectra ext-

g. rom L e 10 owmg iour d1stmct regions so far constructed from ti 11 (V 
~1rrnrn, 1966J. 1e va ey ISHNU-

1. The forest region 

2. TIH; margin of the forest 

3. Partly forested and parlly open a.rt~~ 

Chotipura, Chandigam, Achchabal and 
Babarisbi. 

Kul~n, Pahalgam and Toshmaidan. 
ThaJwas glacier " 'I\ ·1 · I > l l1S-1v [ti( an, ,vnlanwar 

and Braman. 
4. ( J1,cn area,, . 

, , . . . · ·. • • Damau1~ar, Haig·am and Shu iau. 
J lie ~e p<,llc11 "Ptll ra rnmc· from \''11 iu . , It. <l . I P 

abr,vc M·a ltvcl (Adiclal·l ·.._.
1 

.. 'YII~·1 itu cssucias,frombctwecn IGOO-IHOOm. 
i M ' ,"J iupwn, a1gau1 VV·1huw·1r B. I 

from bet ween J 800-2BO/J (P· 1 . 1 , B· 1 . . . •
1 

. ' ' ' . 1 1 arnu11 anc Ch..111d ig,1111); 
Cl . 111. ,1 tu ga111, ,t JUI is u, Yus-01·ulh11 Kul· Tl . ·I . 

10L1pura) and from bctw,~c·n 3000_3SOOO 111 (T _ .· .. ' : • ,m, 1,tJWas g ac1er, 
pollen spc.:C'lra invc:'ltigatt•cl , cJ .'.i .. · l J • oshu~,ud,ui ,ttid Da11m111s~u-). Thus~ the 

, - 411 , 011~141, ( c H'l't' rouw (rom ti · I L • 
phacal areas. 11• WI< l' uula111cal a11d g·t•tigr,,-

G,opJv111l11v I ( I ) 
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Text-Fig. G. Geographical distribution of pollen spectra from moss cushions in the Kashmir \ .\lky. 

Under the prevalence of dry temperate climate, impact of biotic factor, the predomi­

nance of conifers and lack of oaks and alders (barring sl ray occurrences of oaks: \'1snNu­

M1TTRE 1963), the vegetation types 1ecognised in the Kashmir Valley arc few. I'analiop.,is 
forest in fact represents a retrogressive seral stage progre~sing lowatds Blue Pine or Dl'ocbr 

forest. Deodar-ParratioJ1sis forms a rompact and close community in tht> Loi.lb \'alley. J>,ura­

tioJ,sis being imect-pollinated, pollen speclrulll indirnles more or less pure Deml,lr l'LHll­

munity. The mixed conifer forest is domina1e<l by Abin aucl l'irl'a !hough l'i1111s and Cn/rns 

arc also represented in fair proportions. Owing to low polk11 production or . lbirs .ind l'ic1a, 
prcdomina11n: of Bl1ic- Pi11!' i, indicaLcd by 1h1• pollen sp<'rlrum. P11si1iun i-, 1111H1' ur It--.~ thl~ 
same in pure Abies for<•~( as al Ym Maicla11 and Bal>a Rishi lll0 l'.\\I',(' or lhl' pn•,1•nct• or g1,ud 
amount of Blue Pirw in ii . Tl11· dry le111pnal1· lirnad-ll'avnl li>rl'sl ocnin i11K i11 (l,\rti1 ul.\r 

microclimatic and edapl1ic siluatiom alo11g ~1rea1m, 111ml dqm·,,iuus ,11111 i11 shdt1•11•d ,-.\vine.-; 
and constituting the lower l,clt or tlw l'o11il,:r fore~t 1'111111s su thiu imd 11.mow s1rips th,\l ,\ 

pollen spectrum cau hardly refkct ii~ iJn1tity. Ulue Pi111· is •'K•~i11 d1~miuu111. Tlw pollen 

spectra from high and )ow level Jlbirs forl'sl prndt1n· morl' ur 1t-~~ 1denllr,\l n·sult-;, Thl' high 

G,oph;tolog,Y, l (I) 
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lr\'i ·l Hine Pit1<' 1/, i,.1 Bit 1•!1 1' r11111111111i1y jq 1'1•fh•, 1, ·d 111 r1 111n'l'l <'fl 'ilti<Jn l>y Bit" ' Pin <; _ 

Hit <'11 I Mr , i11 ti,, , , 11, li-1 1ll' rd 11111d.1111 ·1•. 
Nn "-rl lt1pk·" It.I\ l' ,n r: ,1, lll'l'll 1•x: 111ii1H•cl li ·11 111 ,I/Ji,.,1· Birc:11 , !lin 11 -RltorlfJr/rnrlrrm n.!'W)• 

<'i ,ti Ht-. · Hit•,·h i .. 1., 1111 It'd l,l dn111i11nf1 • 111•1'1 ' :incl IH ' t·l1apq Bltw 1'1111 ;1' •10 o vrr l1l11 f'.r. Th<' 
• 

1 
, , • r 7 · 1 • qnmpli•s fr,,rn a !pin,· , , , nh ,11'1 ' 1,,p,•1 tccl 10 :-i ii, ,w < n111111a11< '<' o lflll/Mrur rogcf wr wll.h f31u,: 

Pi111· .,lthongh llh" 111111'1' d,ws t11l( cH <'ltl ' llll't 'l', 

\tnH,,plH·tr sri' rns Ill IH' Sil Jtig·hl y cn1tc '<·11lt':lt1•d with Bl11 e Pi11<" pollrn , lli a f it affi.rtq 

pPII< 11 :-JH't'tl ,t ,,f.ill 1;)11 ,-.1 f\'P'""'" c~n•pf 1'1 :11 oClknrl .11 · ~HT'll. _r1 wo'nl !Jr 11nfair fo _rrm,mr•nt 
th.ti thi' ptr,cnl 1~,rc-.., 1ypi'"- nrc 1101 .Hkq11;1f1•ly ;111d ',, 1l1 '1l:1c lord y rcp r<' c;1•nlcd IJ y th t 1r rnr,d~rn 

p11ll en '-pc,· 11.1 . 
}n r('~·"·~l 10 ill(li, 111 11:'1 g ,•111 •1 ·.1 this s f11CI V i11 1lic Ka!i limir Valley i <.; equa ll y revealing. 

p(,ilt' n <,f Ht 11 r Pitw 111 l 111 ·, i' q11,llly .\l)llt1d,111tly l>nfli In fh r 01wn ,rnd in Ifie fo rcc; tC'd rcgi0ns. 

E, r-u in thl' Fi,· -Bllll' Pinc co11111rnni1 y (V rs11 Nt1- MI'l'TRg and SrrARMA, I 9G6) wli<·rc Fir is 

,)f high prnpcll'tion , B1111' Pinc n ·cMd s if s aliu11dancc perhaps owing Lo comparati vely low 

poJkn p1 ·0 rl\i c ti1lll of Fir. I I is oll\·inus thal Pinc pollen is unreliabl e fo r i ts factual occurrence 

and 1his fact sh1)1tld nnt )H'm crlookcd during the int erpre tation of su b foci sil poll en sp ectra. 

Hig-h polll·n frL'(Jlll'11ci1·, ()r Dcncbr arc nnly rcsl rirtcd Lo l'l1e regions where Deodar occurs 

abund:rntlv. 
The ,;road-le:lVed con.;;tit ucnts arc usually much under-represented even in the regions 

where they occur in high proportion. It may be due to pollen rain b eing highly concentra ted 

with conifer pollen. But nndl'r-rcprcscn tat ion of Birch, a high pollen producer, in one of the 

sampJt:".:; is quite amazing. \11 much as 11 % Acer pollen at the Thajwas glacier site is d erived 

from the local occurrence of Acer raesium, an insect-pollinated species. 
Atuon~ shrub,, the picture prec:en ted by pollen spectrum should not be relied upon , for 

inc:.tance, the abundant occurrenrc of Sambucus at Thajwas finds prac tically no representation 

in tJ1c pollen spectrum. Abundance of Viburnum at Chandigam is not adequately represented 

in the pollen spectrum. Thie: may be due to their insert-pollination as well as to low pollen 

production. 
Ex1remely low p .: l'cerita'.{e of non-arbnrcals, even in moss cushion,;; collected in the open, 

j~ illui;trativc of the fact 1hat the ground Dora is under a heavy pressure of grazing animah. 

The po~ition of Artemi1ia, a prolific pollen producC'r, ic: also equally interesting. , \ s may 

a~ 16 <ipeciec; of Arte11zisia orcur in the Valley but the p0c;ition off he genus in the pollen spectra 

j.., al o folJow,;: Jnrdly a ny pollen in th e open, cxln'rnely rare in the glaciated region and a 
very '>lll'lll p,..rccnt:.t!{C in tlie Deouar rim;, (. The absence of. lrtemisia in the open is probably 

du~ to th 1·.bi0tir. factor <'ontrollinf_{ it '> distrihutio11 in tlw valley (Vr-.nNu-l'vfrrrRE, 1966). 
It JS, LJi:r:·forc, 1l1 ~1 1 ,_m e 1·arcly co1111·" across a plant or , lrt,1miria excepting in the Parrotiop,1h· 
-Artemma 1·0 11111u111t>7 or wit Ii in tlw forest. 

Som,· <,f' rlw prolJlt.·111~ HH'11iioned ,·arlicr ar1• clisc11~secl below in the lio·ht or liithcrtl) 
investigatr d polkr1 <J p1 ,·tra. n 

( l) G,'orrrlatio11 rif /Joi/en 1/Jtrlm111 with /ure1t cumjJ111itiu11 and ,:ff'ect 1f local JV, ll) orw /1c1/le11 co11l1 ,it 

. Owing to l~igli GOJH (•otralio11 of al111r, 11 plwrc· with Pine poll('ll, pr·eporHh't \ lll<'<' nl' i11 ~l'l't­

polli_natcd spc.-r.1,~~ arid tlw grou11d v1•g1· t.lti0t1 IH·i11,I.{ 1111dt•1· lteavr hiotic prcr.;s11rc 1non' 

parLwularlygrazmg invc~t,·uat1·,,11 .. •·Ii, ti· t J · • • t' · ··l)' ' ~ "2" >W l,t ,trl dl l'<fU,ll<- co1nprnat1ou ol lhl' ure..;t 1,; 1',lll 

revealed by pollen spc., tra f'· ·I · 1·· . . 1 om mo 1j < Wi uo11s 01 surface sampl<·~ unle~s tlwy cmnc I ntll 
w1Lhm a demc i,Jtand of a c, if 1· 'l'J I • 1· · • t m er ort"11t. •~ sump c.·s collccte<l from lhL" m~1rg111 of tlw ul l" 

or fr~~ ~he open rarely reveal lhe true picture· of vcgc.·tution, and the dominant ge1H'l".l in 
the vicmity are usualJy over•represcnted in the polJcn !lpectra. For example, the moss cushion 
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c~lkc~cd from the 1nargin of the CorcsL a l Pahalgam clearly bnngs onl the abundance of Blue 
Pmc m the forest. ll:, over-rcpreseuta tion here is clue to ils high pollen production. Fir, 
~prucc, Deodar , Betula, Salii.: and Gellis arc absenl in the fo res t but present in lhc spcclrum 111 low frequencies. The open conditions al the site arc under-represented . T he moss cushion 
::tt Shupiyan collected from the open brings oul scallcred planta tions of J uglans and Salix 
at the site and the non-arborcals are found in very low frequencies. Low frequencies of other 
conifers and the high percentage of Blue Pine and lhe low percentage of broad-leaved cons­
tituents are explainable but 7% pollen of Alnus, absent from lhe valley, is quite in teresting. 
Likewise> in moss cushions frorn Ku.Ian collected from the margin of the forest, the NAP is 
negligible. 1fore or less similar picture is revealed by the moss cushion from the Thajwas glacier. 

The negligible NAP in the pollen speclTa even in moss cushions collected from the open 
may be due to the heavy pressure of grazing on the ground flora, and a lso the prevalence 
of insect-pollinated species. Thus, the composition of a forest as revealed by a pollen content 
of a moss cushion collected from the open is much distorted owing to the negligible NAP. 

(2) Dijfere11tial Pollen preservation and comparison between the pollen content from moss cushions and 
surface samples 

Out of several pollen spectra studied here, a few can be considered from the viewpoint 
of differential pollen preservation in mo3s cushions. Perhaps it would have proved more 
fruitful if the moss cushions and surface samples were studied from the same site. Nevertheless, 
it is possible to bring ou t some facts in this regard. As regards Blue Pine, it is abundantly 
present in most pollen spectra whether the moss cushions or surface samples come from the 
open or forested areas . The low frequencies of Fir pollen in moss cushions at Kulan, its rarity 
in that from Thajwas and i ts h igh values in the pollen spectra from the surface sediments at 
Yusmaidan and Baba Rishi are perhaps suggestive of differential preservation, but then there 
may be, however, other factors to explain tha t. Likewise, the effect of differential preserva tion 
on the pollen of other genera can be picked up in moss cushions and a detailed study may 
eventually reveal interaction of several factors responsible for the preservation of pollen in 
moss cushions and sediments. 

(3) Effect of thermic winds on the transport of pollen 

Pollen of Rhus, Aesculus, Fraxinus and Ulmus at the Thajwas Glacier have been carried 
up by the thermic winds from the Valley below. 

( 4) Effect of diseases on pollen f1roduction 

The onset of disease may not only affect the morphology of pollen eventually but .,lso 
destroy the forest thus affecting pollen production of affGclcd t1·ecs. Of tlw two lypes of Pine 
pollen recovered in some moss cushions al Yus !vfaidan, lhl.m Rishi and Haigam, tlw Pine 
pollen type may pcrha~s b'.·long to the diseased tr~es (V1s11Nu-M1rrn.i-: ant~ SnARM,\ , _1966) , 
AL Chandigam, Blue pme 1s undcr"nvrcst·nled owing to lln· occ111Tl' llet' ol st•veral d1st\ \sed 
trees some of which have already scumucd to the disease. 

( 5) Contamination .from older .rediment s 

Pollen of Alnus at Thajwas as well a~ at Shupiya11 mig-ht h,wc romt~ dthc.-r from the 
Pleistocene sediments or wind-transported from outside the valley. A fow polk·n grains bdng 
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. . , , ol<l<'r ~c<lirnenls (the Pleistocene Karcwa cl , 
cr0<lcd ,uoge,ts thr11· ch.'ll\',11 1011 110111 V l] R" cpostt' 

• t- '"' • f'c1turc in the a cy. ivcr transport of ti ,. 
Er0sion of older scdirnl'llh 1, a common .._ 

1 
J) 1, · I II . tc "lCdi. 

. . , 1 , "S clear from t 1c ost-g acm po en diagr mrnt, mto the lake~ :111d ~w.,111p~ )CCOIIH.: . r d • tl cl 
I 

arn frrirll 
• • 1 ~ ll , of n 11ams arc 1otm m 1e san y cay towa, 1 Hn10-am where pol kn gT,\llb uptn ·1 o ~ • 

1 
.
1 

.
1 

. 1c c; th<' 
0 

• ' ~ 1 , decline and almost virtua anm 11 at1on of oak extreme top of thl' d1:1gr;1rn a tl'l' l lc 
1966) Tl . . Woods 

d . '{" d ' .· i \·1s11NL-1hTTRE and SHARl\IA, . us unusual n sc of O k unn(T st,1gc~ nn g , , 4 .1. • a 
.::- • f . , , bl" -1 ent of Oaks, 1s a clear case of conta · . pol kn, much kss suggcsll\ L' o 1 c-t 5ta 15 llll . • m mat1on 

r. ld d' t 'To . of' tl1e i11oss cushwns has revealed, so far ' the occurence f 1rom o er SL' nncn ~- 1, 1 c . o 
0,1k pollen in their pollen contents. The continuity of Oak ~ollen m the Tos~aidan pollen 

d. S l963) tpto the extreme top reYeals a contrnuous though low influx of O k l ~lg ram \ Il\GH, ) , l . . . . a 
polkn from outside the\ alley or a regular contammatwn from t~e :Vind-blown dust carried 
up\,-ards from the \'alley. This, however, needs further substant1at10n. 

(6) AP1.\:-1p Ratio as a measure for forest cover 

Pollen conlent from moss cushions, surface and sub-surface samples, if considered in 
complete ignorance of the Botany of the Kashmir Valley would reveal that the Valley is 
densely wooded and is devoid of open areas. But this is contrary to what is obtained there. 
It is, therefore, very significant that real significance of the AP/NAP ratio should be assessed 
not only yery intelligently but also in accordance with a thorough knowledge of the botany 
of the area. It has already been pointed out above that the open vegetation is under a heavy 
pressure of grazing and chiefly owing to that the AP/NAP ratio becomes misleading. The 
AP,'XAP ratios as shown by some of the post-glacial diagrams from the valley (SINGH, lac. 
cit , VrsH:\'u-l\1rTTRE and SHARMA, loc. cit.) especially after the decline of Oaks, do not 
seem to present the factual picture of the vegetation. The topmost pollen spectra in these 
diagrams are very seriously vitiated by high Blue Pine pollen, although the valley proper is 
devoid of pine forest which occurs on the slopes and higher up along the flanks of the valley. 

Our Thanks are Due to the Forest Department of Jam.mu and Kashmir State, parti­
cularly to 1fr. A. N. f otidar, Censervator of Forest, for all the help towards the studies 
of Forest communities and collection of samples. 
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