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ABSTRACT

Nautiyal CM & Chauhan MS 2009. L ate Holocene vegetation and climate change in Loktak Lake
region, Manipur, based on pollen and chemical evidence. The Palacobotanist 58(1-3): 21-28.

The pollen and elemental analyses from a 73 cm deep sediment profile from Loktak Lake region,
Manipur have provided insight into the changing vegetation and climatic scenario in the region during
the Late Holocene. The investigation has revealed that between 1650 and 600 yr B.P., open vegetation
comprising largely grasses and heathland taxa Asteraceae, Chenopodiaceae/Amaranthaceae, etc. with
sprinkle of treesviz., Holoptelea, Symplocos, Acacia, etc. occurred in theregion adjoining to thelake. The
good profusion of ferns, fungal and algal remains as well as presence of aquatics implies that a humid
climate prevailed intheregion. Thelow C/N ratio aso corroborates such climatic condition. Theretrieval
of Cerealiaand other cultural pollen taxa denotes some sort of agricultural practicein the vicinity of the
lake. From 600 yr B.P. to Present the expansion of open vegetation and a contemporary reduction of trees
infer theinception of alesshumid climate probably owing to reduction in monsoon precipitation. Thisis
also evidenced by asharp declineinferns, fungal and aquatic elements. However, the agricultural practice
continued with same pace, as before since the culture pollen taxa do not show any distinct alteration.

K ey-wor ds—L ate Holocene, L oktak Lake, Pollen, Palaeoclimate, Sediments.

QT Q6 TEMEFTS J90T W SR AR & iheh A &5 § Sendia-3id & &
qeaf T STy gRe
H1.0q. ™ wd .0, =R
R
AT & ihedh el &F d U TF 73 HHl el e TREskd § U W 9 JhEh S
T B & i IR F & § Fead ameias oY Saadl TRged W siagfe I & 2 | ST § gar
39T & & 1650 o qd ud 600 af yd & o 3ia & @i & & F ge & foawa srfq g, Rivae,
TR TS Afed Gal aTedia Je T Q9 Ud Sigcs oo TR, el /A e |

Ui, Fad T AT AN S & AT A B I bl Sl ¢ 6 & 7 Mg Starg o |
T e/ MEge ogaa o El ey Refd @1 6y #3ar 8 | W @ A e WA S

© Birbal Sahni Institute of Palaeobotany, India



22 THE PALAEOBOTANIST

it 3 & |fre § H F 2R S 81600 a9 qd & N q% Gl aTeid & JHR 0F gE @ qee
T A AT a6 § B A B MR /Y Taarg & ARH F STANT HBdl 8 | TE IO, Hak T
ST q@t # o & STy qarT o geme ¥ R s, B gd @ sy S @ it weay wempe §

#E fafsre oftads w8 fwan

HH-TE—eIAdH, dlhed 3, T, JIeadry, STare |

INTRODUCTION

ortheastern region of India, which aboundswith

diversified tropical forests, has hitherto not
recelved adequate attention concerning thefloristic
antiquity and the climatic changes this region has
experienced during the Quaternary Period, despitethe
presence of alarge number of potential |akes/swamps
for palaeoclimatic investigation. Some reports are
availablefor the Quaternary of Digboi (Gupta, 1971,
Bhattacharya & Chanda, 1982) and Tinsukia
(Bhattacharyaet al., 1986), upper Assam and Tripura
(Goswami, 1981), but theManipur region hasremained
amost untouched from the Quaternary pal aeoclimatic
viewpoint except for abrief report from Loktak Lake
(Roy & Chanda, 1987), based on pollen evidence. In
the present communi cation an attempt has been made
to reconstruct the short-term climatic variability and
contemporary vegetation as well as the impact of
anthropogenic activitiesintheregion throughthepollen
and chemical andysesof asmall sediment profilefrom
the Loktak Lake. The palaeoclimate study becomes
significant inview of itspotential asbaseonwhichto
build climate change models (Nautiyal & Chauhan,
2003).

Loktak Lake is a tear-drop-shaped natural
freshwater lakein Manipur, withirregular boundary line
and issituated at about 93°46' to 93°55' E and 24°25'
t024°42'N (Fig. 1). Thisisthebiggest freshwater |ake
inthat region with an areaof about 47 sq km during
dry and about 247 sg km during rainy season. Itsdepth
variesfrom0.5t04.58 mwiththeaveragebeing2.7m
(Manihar, 1999). Thelakeissituated in the basin about
52 km south of Imphal. Thismay be considered asub-
basin of the basin of the Manipur river, which flows
along the basin-slopeto south. Thelake standsat an
altitude of about 767 m above sealevel. It isflanked

by lineamentson both Sdes Itisrecognized asawetland
of international importance under Ramsar Convention
of 1990. Thelake hascloseto 700 hutsonthefloating
idandscalled phumdisand they areinhabited by 4000
people and aso sangai, the brow antlered deer. We
have used thelake-shore-trench-samplesasarchive of
the past climate of that area, carrying out pollen and
elemental (carbon, nitrogen and others) analyses. The
ideawasto reconstruct the past vegetation and climate
of the region asreflected in the pollen assemblage,
carbon, and nitrogen concentrations.

At present, thevalley experiencesasub-tropical
to temperate climate with an annual rainfall of 1392
mm in thelake areaand 150 rainy dayson average.
Thewater-inflow from rainsand Manipur river system
contributesone half with thestreamsfrom thewestern
catchmentsmaking theother half. RelativeHumidity is
usually intherange of 51 to 81%. The highestisin
August and the lowest (40%) in March. Theaverage
wind velocity is2to 5 km per hour. Thetemperature
canvary fromaminimum of 0°C during winter tothe
maximumof 36°C during summer. However, thedimate
issub-alpineat higher atitude (Manihar, 1999; Trisal
& Manihar, 2000).

MATERIALAND METHOD

Seven sampleswere picked up from 73 cm deep
trench dug out at the southern-eastern shore of L oktak
Lakefrom 2-8 cm, 13-17 cm, 20-24 cm, 28-33 cm,
43-47 cm, 57-63 cmand 70-73 cm depths, for pollen,
chemical analysesand dating. Thetopsoil issandy and
then thereisdominantly reddish clay upto 57 cmdepth.
Thereisadark band between 57 cm and 63 cm depth,
whilethedeepest sample (70-73 cm) isye lowish clay.

The samplesnot being very richin carbon, out of
the 4 samplestried, only onesampleyielded sufficient
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carbon to enable dating by C-14 method on benzene
prepared from the samples and using a Liquid
Scintillation Counter at BSIP. Thecalibrated C-14 age
of 498 (+23, -175) years B.P. for 20-24 cm deep
sample, when linearly extrapolated to adepth of 73
cm, makesthe deepest sample about 1650 year old.
Thepollen of trees, herbs, and shrubsalong with
fungal remains and fungi were separated from the
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sediments by maceration and identified and counted
following standard techniques and methods (Erdtman,
1943; Chauhan, 2000). The pollen sumsrangefrom
150 to 200 depending upon pollen potential of the
samples. The pollen of aquatic plants and spores of
fernsand fungi havebeen excluded fromthepollensums
owingtotheir originfromloca sources. Thepercentages
of therecovered pollentaxahave been calculatedin
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Fig. 1—Map showing Loktak Lakein Imphal Valley, Manipur.
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POLLEN DIAGRAM FROM LOKTAK LAKE ,MANIPUR
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Fig. 2—Pollen Diagram L oktak Lake, Manipur.
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Arboreals

Non-arboreals

Others

Extra-regional trees
Pinus, Alnus, Betula,
Corylus, Carpinus,
Quercus

Regional trees
Acacia, Lagerstroemia,
Sapotaceae, Symplocos,
Holoptelea, Meliaceae

Shrubs
Grewia, Aspidopterys,
Ol eaceae, Fabaceae,
Rutaceae

Terrestrial herbs
Poaceae, Alternanthera,
Caryophyllaceae, Tubuliflorae,
Liguliflorae, Ranuncul aceae,
Convolvulaceae, Lamiaceae,
Malvaceae, Geranium
Culturepollen taxa
Cerealia, Cheno/Am, Artemisia,
Caryophyllaceae, Rumex,
Brassicaceae
Exotic taxa
Lantana, Xanthium
Marshy taxa
Cyperaceae, Polygonum plebeium,
Polygonum sp., Solanum
Aquatic taxa
Lemna, Myriophyllum

Ferns
Ferns producing
monol ete spores,
Ferns producing
trilete spores

Algal remains
Zygospores of
Spoirogyra and
Zygnema

Fungal spores
Microthyriaceae,
Tetraploa,
Alternaria

Fig. 3—Magjor pollen taxarecovered in the sediment profile from Loktak Lake.

termsof terrestria only. Theplant taxagrouped astrees,
shrubs, herbs, ferns, algal remainsand fungal spores
have been shown in the pollen diagram in the same
manner (Fig. 2). Six out of seven samples collected
wereanayzed for pollen grainsand spores. Theresults
of pollenanaysisindicatethat the climateintheregion
has changed during past 1650 yearsor so. TheFig. 3
incorporatesthetaxarecognizedintheprofile, indetail.
The elemental percentage (standardless) was
determined using EDAX attachedto Leo 430 SEM at
BSIP(Fig. 4). Thecarbon and nitrogen measurements
were made using HCNO-S analyser at Regional
Sophisticated | nstrumentation Centre, L ucknow.

POLLEN AND CHEMICAL ANALYSES OF
SEDIMENT PROFILE

Pollen composition of sediment profile—The
pollen assembl age derived through theinvestigation of
the sediment profilefrom Loktak Lake, Manipur has
shown distinct changesin therepresentation of the plant
taxaretrievedin the sediment inthelower aswell as
upper halvesof the pollen sequence(Fig. 2). Thelower

half between 73 cm and 40 cm depthsis characterized
by thedominanceof non-arborea sandlow frequencies
of arboreals (trees & shrubs). Poaceae (grasses 30-
53%) followed by Chenopodiaceae/ Amaranthaceae
(Cheno/Am 5-8%) and Tubuliflorae (2-5%) arethe
major constituents of ground flora. Others such as
Convolvulacese, Lamiaceaeand Mavacese (1% each)
arescantily present. Cerealiaand other culture pollen
taxaviz., Brassicaceae (2%), Artemisia, Rumex and
Caryophyllaceae (1% each) arerecorded sporadicaly.
Themarshy e ements, Cyperacese (sedges 7-12%) and
Polygonum sp. (2-5%) are recovered in moderate
vaues, whereasP. plebelumand Solanum (<1% each)
are rare. Lemna (2%) and Myriophyllum (1%)
represent the aquatic vegetation. Treesare met with
meagerly and are represented inlow frequencies by
Sapotaceae (2%), Holoptel ea, Symplocosand Acacia
(1.5% each). Rutaceae (2%), Aspidopterys (1.5%),
Grewia and Fabaceae (1% each) with low values,
congtitutethe shrubby vegetation. Therecord of pollen
of temperate elementsviz., Pinus (1-3%), Alnusand
Corylus (1% each) denotestheir transportation from
the higher elevations. Among the fungal remains,
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Sample depth (cm) | Carbon (weight %) | Nitrogen (weight %) | Carbon/ Nitrogen
2-8 0.58 0.059 6.5
13-17 3.13 0.33 9.4
70-73 243 0.29 8.3

Fig. 4—Carbon and Nitrogen abundances and their ratio in sedimentary samplesfrom L oktak

Microthyriaceae (1-10%) ismuch better represented
in contrast to Tetrapl oa (1-3%), fungal spores(1-2%)
and Alternaria (1%). Fern spores (monolete 10-15%
& trilete 10-14%) arerecovered very frequently. Algal
remains (2-5%) are met within adeclining trend.

The upper half (40-0 cm) of the pollen sequence
a so reveal sthe dominance of non-arboreals, however,
Poaceae (grasses 43-59%) and Tubuliflorae (3-8%)
haveincreased frequenciesthaninthe preceding half.
The exotic elements, Lantana (1-6%) and Xanthium
(3-5%) appear for thefirst timein good frequencies.
Ceredliadoesnot show any noticesblechange, whereas
Caryophyllaceae (1-3%), Rumex (1-2%) and
Artemisia (2%) exhibit dight improvement thanin the
preceding half. Alternanthera (1-2%) isnew addition
to the herbaceous complex. Marshy elements
Cyperaceae (sedges 5-7%), Polygonum sp. (5-1%)
and P. plebeium(<0.5%) aremarked by their declining
trend. Treesbecome more-scanty and arerepresented
by Lagerstroemia, Acacia, Meliaceae and Sapotaceae
(1% each) only along with shrubby elementssuch as
Grewia and Fabaceae (1% each). Interestingly, Pinus
(5-12%) and Alnus (1-4%) are characterized by their
much high frequenciesthan seeninthe preceding half.
Quercus (1-3%) turns up first time with moderate
va uestogether with Betula (2%) and Carpinus(0.5%).
Fern spores (monolete 10-15% & trilete 4-14%), in
genera, havereduced values compared tothe earlier
half. Typha, the only aquatic element, issporadically
present.

Chemical composition of sediment profile—The
higher abundance of aquatic vegetationinearlier stage
isalso supported by relatively lower C/N values(6.5)
inthe deepest sample compared to the upper samples
(8.3and 9.4for 2-8 cmand 13-17 cm deep samples).
Themuch lower (0.58 wt %) carbon content of deepest

sampleisin agreement withitsbeing barren fromthe
angleof pollen. Low valuesfor C/N ratiosindl samples
indicatethe domination of local vegetation of aguatic
natureall through. It may be mentioned that these are
ratios for total carbon (Fig. 4). The organic carbon
values would be still lower. However, simple
hydrochloric acid treatment indicated absence of
carbonate.

The elemental percentage (standardless) using
EDAX attached to Leo 430 SEM, of grainsin 3
samplestaken from depthsof 2-8 cm (sample 1), 13-
17 cm (sample 2) and 70-73 cm (sample 7) are not
absolute due to in-built normalization procedure.
However, they serve ascomparativevariations. They
expectedly showed domination of oxygen (O), sllicon
(S), nitrogen (N), duminium (Al), carbon (C) and some
iron (Fe) in decreasing order. Potassium (K) and
phosphorus (P) present in equal amounts (both close
to one percent) with slightly lower magnesium. The
variationsinall 3samplesare small for all theabove
elementswith the exception of iron, whichisnearly
doubleinthe 13-17 cm deep sample as compared to
that intop (2-8 cm) and bottom (70-73 cm) samples.
Barring chromium (Cr), the other main metalsviz.,
magnesium (Mg), copper (Cu), cobalt (Co) and
manganese (Mn) area so present in the higher amounts
in sample 2 (13-17 cm depth) compared to the top
and bottom samples. Chromium (Cr) percentageinthe
samples1 (2-8 cmdepth), 2 (13-17 cm depth) and 7
(70-73 cm depth) are 0.06, 0.05 and 0.04 percent
respectively but in view of the very low peak- to-
backgroundratiofor Cr and Mn, not much faith can be
had inthem. Theiron to phosphorusratio, generally
constant in sediments (Mackereth, 1966) isalso much
higher (over 3times) inthe sample 2 but almost equal
(3.21and 3.13) inthesamples 1 (2-3 cm depth) and 7
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(70-73 depth). The possibility exists that the
phosphorusmay bearesult of biotic precipitation rather
than chemical. But thisdoesnot seem to be supported
by correlation between phosphorusand organic carbon.

DISCUSSION

The pollen and chemical based proxiesemerged
out through theinvestigation of sediment profilefrom
Loktak Lake has brought out some interesting
inferences on the changing vegetation scenario and
climateintheregionduring last 1650 years. Thepollen
evidence has envisaged that around 1650 to 600 yr
B.P, open vegetation dominated by grassestogether
with other prominent herbaceous associates of
Chenopodiaceae/ Amaranthaceae and Tubuliflorae
occurred in the vicinity of the lake. A few trees
comprising Holoptelea, Symplocos, Acacia and
thicketsof Grewia, Aspidopterys, Fabaceae, etc. were
sparsely distributed upon the open vegetation. The
preponderance of ferns and frequent occurrence of
epiphyllousfungi- Microthyriacesein particular, together
with Tetraploa and fungal sporesare suggestivefor
theprevaenceof humid climateintheregionduringthe
course of sediment accumulation. This is also
substantiated by low C/N ratio, whichisindicative of
abundant aquatic vegetation. Theprolonged existence
of the lake is depicted by the occurrence of aquatic
taxa, Myriophyllum, Lemna and algal remains. The
lakewas most probably bordered with awide swvampy
marginasevidenced fromthehighfrequenciesof marshy
elements of sedges and Polygonum sp. The area
adjoining to the lake was under some sort of cereal-
based agriculturd practice and anthropogenic activities
asinferred fromtherecord of pollen of Cerealiaand
ruderal plantsviz., Artemisia, Rumex, Brassicaceae,
Caryophyllaceae, Chenopodiaceae/ Amaranthaceae,
etc. respectively. Theretrieval of pollen of subtropical
and temperatedementsviz., Pinus, Alnusand Corylus
suggeststheir trangportation fromthehigher devations,
wherethey occurred abundantly.

During the subsequent phase encompassing the
time span from 600 yr B.P. to Present the open
vegetation continued to occupy theregion with more
profusion of grasses and Asteraceae than before.

However, arboreal sbecame much sparse asevidenced
by extremely sporadic presence of trees of
Lagerstroemia, Acacia, members of Sapotaceae and
Meliaceae along with thickets of Oleaceae and
Fabaceae. Such achangein thefloristic composition
revealsthat the climateturned lesshumid by thistime.
Thisisalsowell corroborated by thereductioninferns
and total absence of fungal remains right from the
beginning of thisphase. Thediminishing trend of aquetic
vegetation and further relatively higher carborn/nitrogen
ratio than during the preceding phase symbolizethe
reduction of lakedimens on dueto onset of alesshumid
climate, attributable to decreased monsoon
precipitation. Themuchimprovement of Pinusfollowed
by Alnusand Quercusmost likely impliesthelowering
of the subtropical/temperate belt in response to
prevailing harsh climate. The agricultural practices
continued with more or lesssameintensity asCeredlia
and other culture pollen do not exhibit any significant
change. However, the improvement in most of the
culture/rudera plantsviz., Rumex, Caryophyllaceae,
Brassicaceae and Artemisia as well as debut of
Alternantherain appreciablefrequencies suggest the
accd eration of human activitiesinthevicinity of thelake.
Thisisasotestified by thehighiron/phosphorusratio
inthisupper part of pollen sequence. Amazingly, the
abrupt invasion of noxious exotic weeds such as
Lantanaand Xanthiumin substantia frequenciesmight
have occurred as a consequence of the increasing
anthropogenic activities/biotic pressurein theform of
illicit exploitation of natural vegetation aswell asover
grazingin theregion with the beginning of thisphase.
Presently, thesetwo weeds occur gregariously in most
of the degraded area, particularly around habitations.

Thelow carbon- to- nitrogen ratios a so support
thedomination of agquetic vegetationdl through but with
adecreasing trend from the past to present. Thelower
carboninthedespest samplestudiedisasoanindication
of low biological productioninthepast.
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